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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 as nondimensional 

coefficients plotted 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 



1.2 Scaling of Measured Quantities 

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

Re 
Ul Re = - 
U (1.1) 

where U is the flow velocity, E is the characteristic length scale, and u 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 = 0(105) while the full scale flow has Re = 0(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 CD is defined by scaling the drag force with the dynamic head as 

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

case, the frontal area is 

A f  = 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 

where S is the side force. A moment coefficient CM is defined as 
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where M is the moment. Here, the moment is scaled with the volume of the body where 

and 2 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 [l]. 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 Sd = 0.41 and 

lane change duration of t d =  0.5 seconds. Figure 1.1 shows the platoon configurations used in 

the experiments. Three inter-vehicle spacings are tested: 0.21, 0.41 ( s d ) ,  1. 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 (too) and represent steady-state 
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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 simultaseously measured. Typically, three experimental runs 

are performed for each setting. All measurements are made at Re = 3.4 - lo5, where the 

Reynolds number is defined by Equation 1.1 and 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 (10 in.) X 10.2 cm (4 in.) 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 

i j k .  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, j=1(0.21), . . . , 3  ( 9 1 ,  and the acceleration profile of the moving car [six profiles, 

k=l (fw), . . . , 6 (0.5 t d ) ] .  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 i j k l  by the 

four indices representing these variables, as shown in Table 1.2. Analysis of a specific run 

is performed by specifying Ei jk l  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; jk l  as shown in Table 1.4. Since measurements 
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are made for the box platoon with only one separation 0.41, j 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 [l]. 

1.4 Acknowledgments 

We thank Philip Snyder and Lun Tsuei for their assistance. 

1.5 References 

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

Interactions. Ph.D. Dissertation, University of California, Berkeley. 
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1.6 Tables & Figures 

dimensions 

7.1 cm 1.4 m vehicle height 
9.4 cm 1.9 m vehicle width 
25.5 cm 5.1 m vehicle length 
model car 

1 ground clearance I 0.26 m I 1.3 cm 11 

Table 1.1: 1997 Buick LeSabre dimensions. 
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Table 1.2: Test Matrix - Cars. 
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- 
acceleration maneuver position trial 
(time scale) 4 3 

separation 
3 2 1 3 2 1 

separation 

1 E4311 E4211 E4111 E3311 E3211 E3111 

tm E4312 E4212 E4112 E3312 E3212 E3112 2 
3 

E4351 E4251 E4151 E3351 E3251 E3151 1 
E4343 E4243 E4143 E3343 E3243 E3143 3 
E4342 E4242 E4142 E3342 E3242 E3142 2 td 
E4341 E4241 E4141 E3341 E3241 E3141 1 
E4333 E4233 E4133 E3333 E3233 E3133 3 
E4332 E4232 E4132 E3332 E3232 E3132 2 1.5td 
E4331 E4231 E4131 E3331 E3231 E3131 1 
E4323 E4223 E4123 E3323 E3223 E3123 3 
E4322 E4222 E4122 E3322 E3222 E3122 2 2 t d  

E4321 E4221 E4112 E3321 E3221 E3121 1 
E4313 E4213 E4113 E3313 E3213 E3113 

0.67td 

E4361 E4261 E4161 E3361 E3261 E3161 1 
E4353 E4253 E4153 E3353 E3253 E3153 3 
E4352 E4252 E4152 E3352 E3252 E3152 2 

0.5td 2 E3162 E3262 

E4363 E4263 E4163 E3363 E3263 E3163 3 
i 

E4362 E4262 E4162 E3362 

Table 1.3: Test Matrix - Cars. 
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acceleration 
(time scale) 

t, 

2td 

1.5td 

t d  

0.67td 

0.5td 

trial 

1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 

nlaneuver Dosition I 

B1243 

B4263 B3263 B2263 B1263 

B4262 B3262 B2262 B1262 

B4261 B3261 B2261 B1261 

B4253 B3253 B2253 B1253 

B4252 B3252 B2252 B1252 

B4251 B3251 B2251 B1251 

B4243 B3243 B2243 

Table 1.4: Test Matrix - Boxes. 
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Ax = 0.2 1, 0.4 1,1 

I H 
I'\ 1.2 lIlIll slot 
I 

I 

I ! 24.4 c m  
1 - 25.5 cm 

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. 
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moving car position: 1 
separation: 1 0 21), 2(0.41), 3(1)= 1 
zotion: out ol platoon 

acceleration profile: 1 (static), 2(21,), 3(1.5&), 4(&), 5(0.67&), 6(0.50&) 
1- 4 - . -  
2.....  5-.. 

t l l k l  MOBILE DRAG 

, . l o t  i 
0.001 I 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 

::if , , , , , j 
0.05 
0.00 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 

STATIC CAR 2 DRAG 

- 

O' O . ' O L  0.05 ri 
0.001 I 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/W 

3 0.15 

0.05 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/W 

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 
d/w d/w 

-0.061 I -0.0005 I 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 

d/w & 

STATIC CAR 2 SIDE FORCE STATIC CAR 2 YAW 

0" 
-0.010 

-0.020 
0.030 

j 0.0015 
0.0010 
0.0005 

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 
d/w & 

STATIC CAR 3 SIDE FORCE STATIC CAR 3 YAW 

0.010 -0,0005 - - - - - - - - - - - - - -  --._____. 
-------------_______- 

-0.0010 - - - -  - _ _ _ _ - - -  
-0.010 

0.020 

-0.0015 . . . ~ _. - . - - - - _. ..... _..- - - - - - -  -_.._.___ 
-0.o020 
-0.0025 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
cvw 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dk 



moving car position: 1 
separation: 1 0 21), 2(0.41), 3(1)= 1 
motion: into &toon 
E, I t ,  MOBILE DRAG 

O . l 0 1  0.00 0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dhv 

STATIC CAR I DRAG 

0" 0.15 

0.05 
0.001 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlW 

STATIC CAR 2 DRAG 

O. lOL-  0.05 
0.001 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlw 

STATIC CAR 3 DRAG 

0.20 ".::I , , I , , j 
0.05 
0.00 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 

0.0010 
STATIC CAR 1 YAW 

0.0005 

-0.0005 L I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

m 

0.020 
STATIC CAR 2 SIDE FORCE STATIC CAR 2 YAW 

- 
0.010 - - - - - -4  

~ --.----i- 

-0.030L I 0 . m 1  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 

dlw d h  

-0.0201 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

STATIC CAR 3 YAW 

-------- 

-0.0025 I I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 



moving car position: 1 
separation: l(0.29, 2(0.41), 3(1)= 2 
motion: out of platoon 

acceleration profile: l(static), 2(2td), 3(1.56), 4(t,,), 5(0.676), 6(0.50td) 
1- 4-.- 
2..... 5-.. 

MOBILE MEAS. SIDE FORCE MOEILEYAW 3 -  - '- - E,,, MOBILE DRAG 

0.2 1 -  

0" 0.. .________. .  - 
0.1 

- -  5 .= -747p' 
-0.005 

-0.010 
-0.015 

/> 
0.0 

-2 
-3 -I 

- - - a -  

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 

d/W 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dhv dhv 

STATIC CAR 2 DRAG 

O" :::I 
0.05 
0.001 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/W 

0.00 1 I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/W 

0.010- 
STATIC CAR 2 SIDE FORCE 

0" - 
-0.030 - 
-0.040 ~ 

- 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dEw 

4.010 o.moi 0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dfw 

J:::z] STATIC CAR 2 YAW ---- 
0.002 

0 . W  
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dFw 

-0.0025 
0.0 0.5 1.0 1.5 2.0 2.5 3 0  

dlw 



moving car position: 1 
separation: l(0.29, 2(0.41), 3(1)= 2 
rnotlon: Into platoon 
E,,, MOBILE DRAG 

0.3 ___.__._. . - - - . - - . - -  ._... _- - --- 
O" 0.1 O ' T  

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/W 

0.3 
STATIC CAR 1 DRAG 

(b) 
0.2 

0.1 t -I 

O" O T  0.10 

0.00 0.05 1 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/w 

STATIC CAR 3 DRAG 
_______.__. .~- - - .~ . . .~ . - - . . . .  -- ---- -- (d) 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 

-0.0401 I 0.ml 
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 

dw dhv 

d/W 



moving car position: 1 
separation: 1 0 21), 2(0.41), 3(1)= 3 
potion: out o l  platoon 

O" 0.1 "F 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/W 

STATIC CAR 1 DRAG 

O.lOL 0.05 
0.00 I I 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 

O" 0.10 0 .15L  11 
0 . 0 5 L - - - - l  0.00 0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dhv 

STATIC CAR 3 DRAG 
0.30 

0.10 

0.05 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/W 

u" 

31 
MOBILE MEAS. SIDE FORCE 

I 

("Y 

0.0 0.5 1.0 
~ ~~ 

acceleration profile: l(static), 2(2t,,), 3(1.5&), 4(&), 5(0.67&), 6(0.50td) 
1- 4- . -  
2 _._._ 5-.. - 

0.010 
MOBILEYAW 3-  - 

0.005 (i)- 7-z- 1 
2- - - - L-->b - 0.000 . .-r- -Y. = . - -%.- 

-0.005 - 
-0.010 
-0.015 

2 
- 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 

0.0401 
STATIC CAR 2 SIDE FORCE 

I 

-0.010 o,mm 0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlw 

STATIC CAR 3 SIDE FORCE 
O.Oo0 

-0.010 

STATIC CAR 2 YAW 

-0.0020 

-0.0025 

- - - - __________  ----- 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dtw 

STATIC CAR 3 YAW 
0.OoM) 

-0.0005 

-0.0501 -0.0015 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 

dlw dhv 



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

acceleration profile: l(static), 2(2t,,), 3(1.5t.,), 4(Q, 5(0.67&), 6(0.5Ot,,) 
1- 4- . -  
2. ._._ 5 - . .  

h 3 k l  MOBILE DRAG 

u" o.2 t 
0.1 1 1 

i 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlw 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlw 

0.301 
STATIC CAR 1 DRAG 

I 

::;;I I , , , , 1 
0.00 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlw 

STATIC CAR 2 DRAG G;iF"] 

&;;] 

0.10 

0.05 

0.00 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/W 

STATIC CAR 3 DRAG 

0.10 

0.05 
0.00 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlW 

-0.010 \ - - - -  
-0.015 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dtw 

STATIC CAR I SIDE FORCE STATIC CAR 1 YAW 

-0.o040 
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 

d/w dtw 

STATIC CAR 2 SIDE FORCE STATIC CAR 2 YAW 

3 -0.0010 

J-0.0015 - =  _._. - . - - - - - - . * - - - ~ ~ , , ~ ~  
0.0020 _------- 
-0.0025 

_ _ _ _ _ _ _ _ _ _ -  - - - - - - - - - - - -  ._._._. 

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 
d/w dhv 



separation: 1(0.21), 2(0.41), 3(1)= 1 
moving car position: 2 
motion: out of platoon 
E21 tl 

0.40 I 
STATIC CAR I DRAG 

0" 0 .20F  -I 
, . l o t  -I 
0.001 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/W 

0.1 t- i 
O.OlIl 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 

STATIC CAR 2 DRAG 
0.25 I 

O.l t 1 
0.0 I 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 

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

2 .._.. 5-.. 
1- 4-.- 

STATIC CAR 1 SIDE FORCE STATlCCAR1YAW3- - 6- - 

0" 0.00 

-0.02 

-0.04 O.oo00 
1 , L - y  1 ::=:I , , , , , 4 

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 
dhv dhv 

0.04 I 
STATIC CAR 2 SIDE FORCE 

1 

4.06 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlw 

0.00141 
STATIC CAR 2 YAW 

1 

0.0064b -I 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 



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

0.401 
STATIC CAR 1 DRAG 

0 . 3 o c  - 
O" ::::I , , , , , 4 

0.00 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/w 

acceleration profile: l(static), 2(2t.,), 3(1.5tJ, 4(fd), 5(0.67t,,), 6(0.50td) 

2 ..... 5-.. 
1- 4-.- 

STATIC CAR 1 SIDE FORCE 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 

0.0014 
0.0012 

STATICCAR 1 YAW 3-  - 6- - 

::E+- , , , , , 4 
O.oo00 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlw 

MOBILE DRAG MOBILE MEAS. SIDE FORCE MOBILE YAW 

1 

O" 
0.1 -1 *- - - 

-2 --2 
0.0 -3 
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 

d/w d/w 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlw 

STATIC CAR 2 DRAG 

0.10 

0.05 
0.00 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 

O" 0.0 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/W 

STATIC CAR 2 SIDE FORCE 

-0.06 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlw 

0.030 
STATIC CAR 3 SIDE FORCE 

0.010 

-0.020 
-0.030 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 

::E$ , , , , , 4 
O.oo00 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlw 



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

motion: out ol platoon 
E,,,, STATIC CAR 1 DRAG 

0.10 

0.00 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/W 

MOBILE DRAG 
0.30 
0.25 - 
0.20 4- -..-... ~ _____..._.. ~ ....... _ _ _  (bl- - 

6 0.15 - 7 

0.05 O.1° t 
0.001 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 

acceleration profile: l(static), 2(2td), 3(1 .fib), 4(&), 2(0.67t.,), 6~o.sotd) 
2..... 5-.. 

STATIC CAR 1 SIDE FORCE STATIC CAR 1 YAW 3- - - 

0.0004 

0.0002 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 

STATIC CAR 2 DRAG STATIC CAR 2 SIDE FORCE 

0.20 

0.15 
8 

0.10 -0.02 

0.05 -0.04 0.00s 
0 . W  0.00 -0.06 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv dhv dhv 

STATIC CAR 3 DRAG STATIC CAR 3 YAW 

o.W - - - - - - -  - -_ - -_________.  
8 0.15 

0.10 4.010 

0.05 -0.020 
0.00 -0.030 -0.0020 

dlw 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/w 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dhv 

N 
0 



moving car position: 2 
separation: 1 (0.21), 2(0.41), 3(1)= 2 
motion: into platoon 
E22M 

0.401 
STATIC CAR 1 DRAG 

O . l O t  

0.001 J 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d W  

r..? 0.15 

0.05 
0.00 I I 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d W  

STATIC CAR 2 DRAG 

0.10 

0.05 
0.00 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlw 

STATIC CAR 3 DRAG 

0" 0.15 

0.05 
0.ool 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/W 

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

STATIC CAR 1 SIDE FORCE STATIC CAR 1 YAW - - - - 

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 
dlw dfw 

MOBILE MEAS. SIDE FORCE 
71 

-3 I I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlW 

MOBILE YAW ( i q  

-0.08 I 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 

dlw dFw 

0.020 
0.010 

STATIC CAR 3 SIDE FORCE 

G 

-0.020 
-0.0301 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 
d W  Î'_. 



moving car position: 2 
separation: 1 0 21), 2(0.41), 3(l)= 3 
Eotion: out ol platoon 
b k l  STATIC CAR 1 DRAG 

0.401 f Gmr "" 
0.10 

0.00 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/W 

0.0001 
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 

dhv dlw 

E; STATIC CAR 3 DRAG 

0.10 
0.05 
0.00 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
CVW 

0.00 
STATIC CAR 3 SIDE FORCE 

(h) 1 
-0.02 

-0.04 

-0.06 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/w 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dhv 



moving car position: 2 
separation: 1(0,2l), 2(0.41), 3(1)= 3 
motion: into platoon 
E,,,, 

0.40 I 
STATIC CAR 1 DRAG 

I 

::::F , , , , , 4 
0.00 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dW 

STATIC CAR 2 DRAG 

y . . - . -  --LC -̂ (c 

0" 0.15 

0.05 
0.00 I 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 

STATIC CAR 3 DRAG 
0.30 
0.25 ._ . - 

, , , , , 1 
0.05 
0.00 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/W 

acceleration profile: l(static), 2(2td), 3(1 .St), 4(t,,), 5(0.676), 6(0.50td) 
1- 4-.- 

0.0001 I 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 

dhv dh 



acceleration profile: l(static), 2(2&), 3(ISt,,), 4(t,,), ?(0.67tJ, 6j0.5Ot.J 
separation: 1 0 21), 2(0.41), 3(1)= 1 
moving car position: 3 

motion: out ol platoon 
%ikl STATIC CAR 1 DRAG 

0.3 . _________ ._ . ._____~ . . . __ . .___ ._______  -- 
u" 0.1 O " l r  

0.0 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/w 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 

STATIC CAR 1 SIDE FORCE 
2... . .  5-.. 

STATIC CAR 1 YAW 3-  - 6- - 
0.0012 
0.0010 ,y- - - -  (i)- -- - - - _--^ - 0.ma --- - - - -2 - i 

J O.ooo6 - - 
- 

-0.02 

-0.04 

o.oO04 

0.00 
- o.ooo2 
- 

- 
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 

dhv dlw 

-0.0401 I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dhv 

0.0025 [ 
STATIC CAR 2 YAW ,.. 

0.0005m O.ooo6 0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlw 

STATIC CAR 3 DRAG 

-- - 
0.10 

0.05 
0.00 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/W 

STATIC CAR 3 SIDE FORCE 

-- --- 

0" 0.M) 

- 0 . 0 2 ~  -0.04 0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/W 

STATIC CAR 3 YAW 
0.00 

-0.0005 

-0.0025 I J 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dhv 



movtng car position: 3 
separation: 1(0.21), 2(0.41), 3(1)= I 
motion: into platoon 
E,,, STATIC CAR 1 DRAG 

0" 
0.1 

0.04 

0.02 

STATIC CAR 1 SIDE FORCE STATIC CAR 1 YAW 3- - 6- - 
0.0012 - 

(i)- - 
j 0 . m  - - 

o.oO04 

O.oo00 
- o.ooo2 
- - 

- 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dEw 
STATIC CAR 2 DRAG STATIC CAR 2 SIDE FORCE STATIC CAR 2 YAW 

0.0020 

u" 0.0015 
0.1 0.0010 

0.0005 
0.0 I -0.0401 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/W 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dhv 0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dEw 

O.l t 
0.01 I -3 I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/W 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dEw 0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dEw 

STATIC CAR 3 DRAG 

0.10 
0.05 
0.00 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/W 

0.04 
STATIC CAR 3 SIDE FORCE 

-- I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/W 

STATIC CAR 3 YAW 
O.oo00 
-0.0005 

-0.0025 I I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/w 



moving car position: 3 
separation: 1 0 21), 2(0.41), 3(1)= 2 
zotion: out o/ platoon 

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

%2kl STATIC CAR 1 DRAG 

0.20 

0" 0.15 
-0.010 0.10 

0.05 -0.020 
0.00 -0.030 

--, 
....__.. 

o.Ooo2 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dEN 

0.30 
0.25 

0.20 

STATIC CAR 2 DRAG 
0.030 

STATIC CAR 2 SIDE FORCE STATIC CAR 2 YAW 

_______.... .  .-  - 0.020 COJ --. --A . - --- -?- 1 
0.00 I J -0.0201 0 . o o O o l I  

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 

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 
d/w dlw 

MOBILE DRAG MOBILE MEAS. SIDE FORCE 

1- 0.15 

0.10 

0.05 -0.005 

0.00 -0.010 

0" 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlW 

STATIC CAR 3 DRAG 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dr, 

-0.0005 

0" 0.15 
0.10 0.00 

0.00 
0.05 -0.02 -0.0020 

-0.04 -0.0025 

d/W 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

drW 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlw 



moving car position: 3 
separation: 1(0.21), 2(0.41), 3(1)= 2 
motion: into platoon 
E,,, STATIC CAR 1 DRAG 

0.20 

0.10 

0.00 
0.05 

d/W 

STATIC CAR 2 DRAG 

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

0" 0.15 

O.lOL 0.05 
0.00 I 1 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlw 

0.05 /- A 
0.00 I I 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlw 

$ 0.15 
0.10 
0.05 
0.00 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d W  

0.020 

0.01 0 

STATIC CAR 1 SIDE FORCE 

-0.0301 1 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlw 

0.030 

0.020 

STATIC CAR 2 SIDE FORCE 

-0.020 I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/w 

MOBILE MEAS. SIDE FORCE 
31 

-3 I 0.0 0.5 1.0 1.5 2.0 2.5 3.0 I 
dlw 

STATIC CAR 3 SIDE FORCE 
0.06 
0.04 

-0.041 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/W 

STATIC CAR 1 YAW 3- - 6- - 
z . . . . .  3-.. 

0.00121 

::E+ , , , , , 4 
O.oo00 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dtw 

STATIC CAR 2 YAW 
0.0015 

0.0065 -I 

1 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dtw 



moving car position: 3 
separation: 1 0 21), 2(0.41), 3(1)= 3 
motion: out or platoon 
t33w STATIC CAR 1 DRAG 

. . .. . . . _.  _ _  . ____  _ _.  _ _ _ _ -  (a 
----___I- 

0" 0.15 

0.05 
~ 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhh, 

STATIC CAR 2 DRAG 

0.00 I 1 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/W 

MOBILE DRAG 

0.20 - 

" ::::I , , , , , 4 
0.00 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 

STATIC CAR 3 DRAG 

0.10 

0.05 
0.001 I 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 

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

2..... 5-.. 
1- 4 _ . -  

STATICCAR 1 YAW 3- - 6- - STATIC CAR 1 SIDE FORCE 
0.040 0 . m  

0.030 -0.0035 
- ..................................... (i)- 

e--- - __ ----- -T. -x 
0 

?I -0.0010 
-- - - - - _ - - - _ _ - -  

0.010 
9.0015 

--A---...C.rY.V-UC-.'-- 

0.000 -0.0025 
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 

dh-4 dhv 

STATIC CAR 3 SIDE FORCE 

-0.06 

-0.08 
-0.10 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/W 

dhv 

O.oo00 
STATIC CAR 3 YAW 

(1) 1 
-0.0035c -I 



moving car position: 3 
separation: 1(0.21), 2(0.41), 3(1)= 3 
motion: into platoon 
E,,,, 
0.30 r 

STATIC CAR 1 DRAG 

0.25 . . . 
0.20 k-------- .................... --- 

0.05 i 
0.001 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d W  

acceleration profile: l(static), 2(&), 3(1.5t,,). 4(t,,), 5(0.67tJ, 6(O.5Otd) 

2.....  5-.. 
1- 4- . -  

STATIC CAR 1 SIDE FORCE STATlCCAR1YAW3- - 6- - 

~ -0.0010 

_I_-----.---_- 
-0.0020 - - - - - - - - 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d W  

-0.0025 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dhv 

STATIC CAR 2 DRAG STATIC CAR 2 SIDE FORCE STATIC CAR 2 YAW 

0.15 

0.10 

0.05 
0.00 

-0.0010 

s 0.030 

0.020 

0.010 

. 
-0.0030 --------- 
-O.w 

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 

------- 
dlw 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlw dhv 

0.25 I 
MOBILE DRAG 

0.20 

0" 
0.10 

0 . 0 5 ~  0.00 0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlw 

0.30 
0.25 
0.20 

STATIC CAR 3 DRAG 

u" 0.00 0.05 7 L - l  0.0 0.5 1.0 dlW 1.5 2.0 2.5 3.0 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlw 

STATIC CAR 3 SIDE FORCE 
0.00 

-0.02 

-0.101 I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlW 

MOBILE YAW 

(MA 

-0.005 

-0.010 

.--- - - - 
1 :- - -3 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 

O.oo00 
STATIC CAR 3 YAW 

(1) 1 
-0.m5C _I 

cl: -0.0010 r- - ...__. _. 



moving car position: 4 
separation: 1 0 21), 2(0.41), 3(1)= 1 
motion: out or platoon 
EIlkl STATIC CAR 1 DRAG 

0" 0.15 
0.10 
0.05 
0.00 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dJW 

acceleration profile: l(static), 2(&), 3(1.5t.J, 4(t,,), 5(0.676), 6(0.50td) 

2 . . . . .  5-..  
1- 4-. -  

STATIC CAR 1 YAW 3- - 6- - 

-0.030 I -0.ooo6 I 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 

dhv d/w 

STATIC CAR 3 DRAG 

0" 
0.10 

0.05 

J 

0.040 

0.030 

STATIC CAR 3 SIDE FORCE STATIC CAR 3 YAW 

(g)d - 0 . W J 5 1  

O.oo00 

0.00 I I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

-0.0101 
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 

d/w dJW dlw 
MOBILE DRAG MOBILE MEAS. SIDE FORCE MOBILE YAW 

0.20 

0" 0.15 
0.10 -0.005 

- ---.-.\I 
-0.010 <- Y 0.05 

0.00 

\-- 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 

-0.015 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dJW dlw 



moving car position: 4 
separation: 1 0 21), 2(0.41), 3(1)= 1 
motion: into pLtoon 
E,,, STATIC CAR 1 DRAG STATIC CAR 1 SIDE FORCE STATICCARIYAW 3- - 6- - 

acceleration profile: l(static), 2(2&), 3(1.5&), 4(&), 5(0.67&), 6(0.5%) 
1- 4-.- 
2 ._._. 5-.. 

0.25 
0.20 

0" 
0.10 
0.05 
0.00 

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 
d/W dlw 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dFw 

0.00 L - 0 . o l o I 1 1  -0.00151 I I I I 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 0.5 1.0 1.5 2.0 2.5 3.0 

dlw dlw dlw 

STATIC CAR 3 DRAG STATIC CAR 3 SIDE FORCE STATIC CAR 3 YAW 

0.15 

0.10 

0.05 

0" 

-0.0020 
0.00 I I - 0 . 0 1 o I o I  -0.00251 t 8 8 t 1 J 

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 
d/W 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlw d/w 



moving car position: 4 
separation: 1 0 21), 2(0.41), 3(1)= 2 
motlon: out ol platoon 
E,,, 
0.30 
0.25 

STATIC CAR 1 DRAG 

--__y__-- 
-.....-.. ......__.._..__ 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlw 

0.00 0.05 0.0 i 0.5 1.0 1.5 2.0 2.5 3.0 

d/w 

O . l O L  0.05 
0.001 I 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d W  

MOBILE DRAG 
0.30 
0.25 

~ 

- _ _  _____....  -- _.. (dr- - 
0" 0.15 - - 

O . l 0 k  0.05 
0.00 I I 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/W 

STATIC CAR 3 SIDE FORCE 

-0.0025 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dhv dlw 



moving car position: 4 
separation: 1(0.21), 2(0.41), 3(1)= 2 
rnotlon: Into platoon 
E m ,  
0.30 
0.25 - 

STATIC CAR 1 DRAG 
- - - . . - . . - . . . . . . . .___ ._____._________.  - --- 

0.ool 1 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dhv 

O . O 5 l L - - - - l  0.00 0.0 0.5 1.0 1.5 2.0 2.5 3.0 

CUW 

0.040 

0.030 

STATIC CAR 3 SIDE FORCE 

0.010 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
CUW 

STATIC CAR 3 YAW 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 



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

acceleration profile: l(static), 2(&), 3(1.5tJ, 4(fd), 5(0.67t,,), 6(0.50t,,) 
rnotlon: out oI platoon 1- 4-.- 
E,,,, STATIC CAR 1 DRAG 

2 ._-.. 5-.. 
STATIC CAR 1 SIDE FORCE STATIC CAR 1 YAW - - - - 

0.40r 

0.30 .L-.- -- (a)- -::-a ._.,__,, ~ ---.-.-.---.-- - - - 
__c_--_- -------:, - _ _ _ _ - -  0" 0.20 - 

. . _ _  ---.-.._ ._.___.... - ...,.. - - _ _ - - - _  0' 0.0010 
0.10- 

0.00 

0.0005 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
-0.005 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlw dlw 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 

STATIC CAR 2 YAW STATIC CAR 2 DRAG STATIC CAR 2 SIDE FORCE 

0.15 

0.10 

0.05 0.005 0.0005 
0.00 

-e-- 
-* ---ST:= -:>->-- a 

0" 0' 0.0010 - - - - - - -_  

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/W 

0.000 
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 

dlw dtw 

STATIC CAR 3 DRAG 
0.25 

STATIC CAR 3 YAW 

0.15 - - - _ _ - - - - - - - -  
0" 

0.10 3 -0.0005 
0.05 -0.0010 

-0.0015 0.00 -0.005 

d/W 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlw dtw 

0.25 
MOBILE DRAG MOBILE MEAS. SIDE FORCE 

3 -  
MOBILE YAW 

0.20 2-  - I & - (dl- 
0.15 
- 0.10 

- 

0.00 

- 0.05 

- 1 -  
0" 

- >--> 
0" 0.. _______. .  ---- - 

-l;--.-- 
-2 * - - *  / -0.010 

- -  1 -5 : .-7- 
- -/-/ - 

- 3 t  -, 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/W 

-0.015 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/W 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dhv 

w 
P 



separation: 1(0,2i), 2(0.41), 3(1)= 3 
moving car position: 4 acceleration profile: l(static), 2(2t,,), 3(1.5t,,), 4(t4 5(0.67t,,), 6(0.50td) 

motion: into platoon 1- 4-.- 
2 ._.__ 5-.. 

E43w STATIC CAR 1 DRAG STATIC CAR 1 SIDE FORCE 

0.30 _- 0.010 __. . - - - - -__ 0.0015 

0" 0.20 0' 0.0010 

" " t r 1  -0.005k 7- 1 ::zt , , I , I 1 0.00 

0.000 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/W 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dh 

0.25 

0.20 

STATIC CAR 2 DRAG 

0 .15c  -I 

O . l O L  0.05 

0.00 l j l  
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/w 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dhv 



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 d 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 profile: l(static), 2(2td), 3(1.6t,), 4(t& 5(o.67td), 6(o.50td)= 1 motion: out of platoon 

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

2 
1- 
....... 

t l l l l  MOBILE DRAG MOBILE MEAS. SIDE FORCE MOBILEYAW 3- - - 

0.05 _ -  
0" 0.20 

0.10 
-0.0020 s ~ 1 s Z I = t - - e 2  
-0.OO30 
-0.0040 0.00 -0.05 

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 0.5 1.0 1.5 2.0 2.5 3.0 
dlw dhv dlw 

STATIC CAR 1 DRAG 
.......... STATIC CAR 1 SIDE FORCE 

l l l i i . . . . . .  
STATIC CAR 1 YAW ................. 0.0010 

0.00 

-0.02 .. 0" 0" _-..............-I... 
0.1 -0.04 

-0.06 
-0.08 

3 -0.0005 

0.0 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 0.0 0.5 1.0 1.5 2.0 2.5 3.0 

-0.0020 

d/w dhv 0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlw 

STATIC CAR 2 DRAG 
0.25 
0.20 

0.15 

0.10 

STATIC CAR 2 SIDE FORCE STATIC CAR 2 YAW 
.................................... 

0" 0" 0 . m  ci: 0.002 
-0.010 :. .-, ~. ~ 0.05 . . . .  .............. 
-0.020 
-0.030 

-_-_._:__ 
~ . i ** . 1.: 0.000 

0.00 
._._-. - 

0.0 0.5 1.0 1.5. 2.0 2.5 3.0 
d W  

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 
dlw dlw 

w 





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

2....... 
4- 

MOBILE DRAG 
0.3 

0.1 - - 
0.0 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/w 

0.05 O.lOL -I 
0.00 L 0.0 0.5 1.0 1.5 2.0 2.5 1 3.0 

d/w 

0.25 

0.20 

0.15 

0.10 

0.05 

STATIC CAR 2 D 

e 

0.001 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 1 

d/w 

STATIC CAR 

2.5 3.0 

0.41 
MOBILE MEAS. SIDE FORCE 

-0.41 
0.0 0.5 1.0 1.5 2.0 2.5 3.C 

dhv 

0.002 

0.600 

MOBILE YAW - - - 

0' -0.002 

-0.004 

-0.008 I 
I 0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dhv 



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

2....... 
1- 

0" o.2 t 
O.l t 1 

1 
0.0 I I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/w 

::+- , , , , , q 
0.00 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 

u" ::::E 
0.05 

STATIC CAR 3 DRAG 

0" 0.15 

0.05 
0 . 0 O l I  

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 

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 
dlw dhv 

3 

STATIC CAR 1 YAW 

0) 

STATIC CAR 2 YAW ... " : . . . . . . . I  ....... : ...... :." ....: 

P 
0 



separation: 1(0.21), 2j0.41), 3(1) 

MOBILE DRAG 
0.30 
0.25 - _ - - - r , ~ *  

- - 7 , - - - - - - - -  

0.05 
0.00 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
cvw 

0.10 

0.00 
0.05 

- 
- 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
cvw 

0.251 
STATIC CAR 2 DRAG 

0" 0.10 (c)j 
0.05 
0.00 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
cvw 

0.00 I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/W 

2 ....... 

-0.2 -0.002 

-0.004 -- 
-0.008 

dlw 

0.04 

....;,.....,,. 
-0.04 
-0.08 

dlw 

3 0.00 

-0.02 

-0.04 

dlw 
STATIC CAR 3 SIDE FORCE dEw 

-0.0012 
3 6.0014 

-0.04 -0.0016 

-0.06 

0" -0.02 
2 -- =- -- --------------= 1 .... 



L - - . - . . . 

0.15 

0.05 

0.001 I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlw 

0.25 I 
STATIC CAR 2 DRAG 

O . l O L  0.05 
0.00 1 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/W 

STATIC CAR 3 DRAG 

(d,lI 

O" 0.10 0 . 1 5 k  

0.00 0 . 0 5 1  0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/w 

0.8 
0.6 - 
0.4 - 

.- MOBILE MEAS. SIDE FORCE 

* 0.2 - 
" rl 

0.041 
STATIC CAR 1 SIDE FORCE 

dlw 

0.04 t 
STATIC CAR 2 SIDE FORCE 

separation: 1(0.21), 2 0.41), 3(1) j- 
MOBlLEYAW 3- - - 

3 

- 0 . 0 6 1 ~ 1  
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlw 

3 



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

moving car position= 1 
acceleration profile: l(static), 2(2td), 3(1.5tJ, 4(t& 5(0.67t,), 6(O.50td)= 4 
motion: out of platoon 

O" o.lt 
0.0 I I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/w 

o.lok 0.05 

0.00 0 . 0 5 ~  0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/W 

MOBILE MEAS. SIDE FORCE 
z .  ...... 

MOBILEYAW 3- - - 

0.5 

0" 0.0 
-0.5 

0' -0.002 
-0.W.i 
-0.008 
-0.W -1.5 

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 
dhv dhv 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dAv 

0.04 

0.02 

STATIC CAR 2 SIDE FORCE 

5- d -  

-0.02 f 1 
-0.04 1 I -0.002 = =hl- - - -,- - * - - 1 

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 
d/w dhv 



separation: 1(0.21),2 0.41). 3(1) 4- moving car position= 1 
acceleration profile: l(static), 2(2t,,), 3(1.5&), 4(&), 5(0.67t,,), 6(o.50td)= 4 
p t l o n :  into platoon 

O' 0.05 O . l O L  
0.00 I I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dhv 

STATIC CAR 3 DRAG 

0.00 1 I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dhv 

1.51 
MOBILE MEAS. SIDE FORCE MOBILE YAW 3- - - 

2....... 

0.008 I 1 

3.0 

0.04 I 
STATIC CAR 1 SIDE FORCE 

P 
P 



moving car position= 1 
acceleration profile: l(static), 2(2td), 3(1&), 4(t& 5(0.67t,), ~ ( O S O ~ J . .  5 separation: 1(0.21), 2{0.41), 3(1) 
yt!on: out of platoon 

O" o.lt 
0 . 0 l j l  
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/w 

MOBILE MEAS. SIDE FORCE 

6 0  

-1 

-2 0.0 EzzrTl 0.5 1.0 dlw 1.5 2.0 2.5 3.0 

MOBILEYAW 3- - - 
z . . . . . . .  

0.0101 

-0.0151 J 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dtw 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 J I - - - -7 - -- - 9 - -,_ 

dlw 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dtw 

0.04 

-0.02 

-0.04 
-0.06 

d/w 



separation: 1(0.21), 2 0.41), 3(1) i- 
d . . .  

"I - 0.1 

0.0 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dhv 

STATIC CAR 1 DRAG 

0.10 
0.05 
0.00 

dhv 

STATIC CAR 3 DRAG 

~ 0.15 

0.10 rl 
0.05 

0.00 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dhrv 

.:;;//? ~~~ 

-1 

-2 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/w 

0.010 
MOBILE YAW 3- - - 

-0.005 

-0.010 

0.04 I 
STATIC CAR 2 SIDE FORCE STATIC CAR 2 YAW ..... L -  ..... 1 ..... -2 ....I.. ' ....... I ,  

0.002Fk -I 
0 . 0 W C  -I 



moving car position= 1 
acceleration profile: l(static), 2(2td), 3(1.6&), 4(&), 5(0.676), 6(0.50t,)= 6 
f?otlon: out of platoon 

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

O.l t 1 
0.01 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dhv 

G;:;] 

STATIC CAR 2 DRAG 

0.10 

0.05 

0.00 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/w 

STATIC CAR 3 DRAG 

_____*.....,..-------- 

o , l o l L - - - - J  

~ 0.15 

0.05 
0.00 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/W 

MOBILE MEAS. SIDE FORCE 

3 0  
-1 
-2 

/ 
/ 

-3 Ez?Z?l 0.0 0.5 1.0 dhv 1.5 2.0 2.5 3.0 

STATIC CAR 2 SIDE FORCE 

- = 4  CS)j 

-0.02 

-0.04 
------- 

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 
d/w dlw 



i..;----1' 0.0 0.0 dhv 

0.05 "lOL 

0.05 O . l O L  

0.05 O . l o t  



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

O.lO/- -I 
0.00 I I 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d W  

0.1 - - 

0.0 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlw 

O" 0.0 O . l L - - - - - A  0.0 0.5 1.0 dlW 1.5 2.0 2.5 3.0 

s a - = = * - - =  

-0.020 
-0.030 
-0.040 

0' 

o.oo00 I J 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

drw 

-0.0005 

-0.0010 

4.0015 

-O.m 
-0.0025 
-0.0030 

0 

0.04f 
STATIC CAR 2 SIDE FORCE 

I 

0.04r 
STATIC CAR 3 SIDE FORCE 

I 

3 



separation: 1(0.21), 2 0 4 ,  3(1) j- 
L ....... 

0.ool J 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/w 

MOBILE DRAG 
0.30 
0.25 
0.20 

0" 0.15 

0.05 O.l0k 
0.00l I 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 

::;:I , , , , , 4 
0.00 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/W 

STATIC CAR 3 DRAG 

:=:,, ....... ",- (d 
0" 0.15 

0.05 
0.00 I 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/W 

0.040 
0.030 
0.020 

STATIC CAR 1 SIDE FORCE STATIC CAR 1 YAW 3- - - 

3 

dtw 

0.41 
MOBILE MEAS. SIDE FORCE 

0.0010 

O.oo00 

3 -0.0010 
-0.0020 

-0.0030 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dErr 

I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/w 

0.02 
STATIC CAR 3 SIDE FORCE STATIC CAR 3 YAW 

A ... .__.  
0" 4.02 rs = -- -- = e--= - -L 'c- 

-0.04 

-0.06 

- 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 -0.0020 
d/w 



0.05 
0.00 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/W 

-0.4 0.0 I 0.5 1.0 1.5 2.0 2.5 
3.0 

d/w 

STATIC CAR 2 SIDE FORCE 
0.041 

-0.06 I 1 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dhv 

STATIC CAR 3 SIDE FORCE 
0.021 

STATIC CAR 1 YAW - - - 
z - . . - . . . 

o.ooror MOBILE YAW 

-0.001 



moving car position= 2 
acceleration profile: l(static), 2(2b), 3(1.56), 4(b), 5(0.671,,), 6(0,50t,)= 3 
motion: out of platoon 

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

0 . 1 0 ~  -I 
0.00 I 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 

MOBILE DRAG 
e--,---= 

O.lOL 0.05 
0.00 I I 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 

O" 0.10 0.15k- 

0.00 0.05 0.0 ~ 0.5 1.0 1.5 2.0 2.5 3.0 

dlW 

STATIC CAR 1 SIDE FORCE STATIC CAR 1 YAW - - - 

0.020 
I 0" 

0.010 t *? ... :.. - -- 
0.000 , . 
-0.010 

., -.*-.. 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 

0.6 
0.4 

0.2 

MOBILE MEAS. SIDE FORCE 

""v, , ~ 4 
-0.4 
-0.6 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

MOBILE YAW 
0.0020 
0.0010 
O.Oo(30 

J -0.0010 
-0.0020 
-0.0030 

0.04 I 
STATIC CAR 2 SIDE FORCE 

1 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 

STATIC CAR 2 YAW 

------------ 
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 

d/w dM 

STATIC CAR 3 SIDE FORCE STATIC CAR 3 YAW ---------- - (I) 



acceleration profile: 1 (static), 2(2t,), 3(1.56), 4(6), 5(0.67td), 6(0.50td)= 3 
moving car position= 2 

motion: into platoon 
E,,, STATIC CAR 1 DRAG STATIC CAR 1 SIDE FORCE ::::_="- _______-  - - - - -  0.040 0.030 

O" 0.20 0.020 

0.010 
0.10 O.Oo0 
0.00 -0.010 

G 

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 
d/W dlw 

0.25 
MOBILE DRAG 

0.20 (b) 

0.00 I I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlw 

STATIC CAR 2 DRAG 

O . l O L  0.05 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/W 

STATIC CAR 3 DRAG 

( q  

MOBILE MEAS. SIDE FORCE 
0.6- 
0.4 

0.2 
- (9- 
- - 

g 0.0 - - 

- o . 2 v  -0.4 
-0.8 I J 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlw 

STATIC CAR 2 SIDE FORCE 

G 

-0.04 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/W 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/W 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 

0.ooOol 1 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dtw 

0.0020 I 
MOBILE YAW 

I 

- 
4.oO30 -.-I - 
-0.0040 :'.....', 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dtw 

STATIC CAR 2 YAW .....:---.-.~....... ...... .:.. ... .: 



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

STATIC CAR 1 YAW - - - 
2.. . . . . .  

moving car position= 2 
acceleration profile: 1 (static), 2(2t,,), 3(1.5&), 4(t,,), 5(0.67t,,), 6(0.5Otd)= 4 
motion: out of platoon 

0" 0.20 

0.10 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 

MOBILE DRAG 

( q  

O" 0.10 O'l5I rl 
0.00 0 . 0 5 ~  

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 

O . l O t  0.05 
0.001 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 

STATIC CAR 3 DRAG 

O" O.l5I 0.10 
0.05 4 

0.0 0.5 1.0 1.5 2.0 2.5 ~ 3.0 
d/w 

0.040 
0.030 

STATIC CAR 1 SIDE FORCE 

G;;] 

MOBILE MEAS. SIDE FORCE 

-0.5 

-1.5 
-1.0 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlw 

MOBILE YAW 

0 . 0  
3 -0.002 
4.004 
-0,008 
-0.008 I I 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dFw 



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

separation: 1(0.21), 2 0 41), 3(1) 

2 ....... 
4- 

E,,, STATIC CAR 1 DRAG STATIC CAR 1 SIDE FORCE STATIC CAR 1 YAW 3- - - 

0.020 O" 0.20 ........................................... 
0.10 

0.00 

...... .. ..... 0.003 .......... 
-0.010 

.-.._. 
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 

d/w d/w 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dEw 

0.25 

0.20 

MOBILE DRAG 

O" 0.10 0 . 1 5 1  

0.00 0.05 0.0 ~ 0.5 1.0 1.5 2.0 2.5 3.0 

d/w 

STATIC CAR 2 DRAG 
0.30 

0 . 2 5 5  - I 
0.15 

- 1 - 1- - - (Cb 
0.20 =-, ................................... - - 
0.05 O.1° t 
0.00 I 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlW 

STATIC CAR 3 DRAG 

O" 0.10 0 . 1 5 1  

0 . 0 5 ~  0.00 0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/W 

i;] MOBILE MEAS. SIDE FORCE 

-0.5 
-1.0 
-1.5 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/w 

STATIC CAR 2 SIDE FORCE 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 

0.021 
STATIC CAR 3 SIDE FORCE 

I 

-0.06 I J 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/w 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d h  

STATIC CAR 2 YAW 

\----------- 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dEw 

STATIC CAR 3 YAW 

.................. ............... .I .................................. 
rf: -0.0010 

-0.0012 
-0.0014 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dEw 



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

moving car position= 2 
acceleration profile: l(static), 2(2t,,), 3(1.5&), 4(&), 5(0.67&), 6(0.50td)= 5 
potton: out of platoon 
'2151 STATIC CAR 1 DRAG 

0.10 

0.00 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/w 

MOBILE DRAG @)A 
- 0.15+ - -I 

0.05 O . l 0 L  
0.001 J 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 

:::I , , , , , 4 
0.00 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlW 

0.001 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dhv 

O"!: MOBILE MEAS. SIDE FORCE 

-1 

-2 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

MOBILE MEAS. SIDE FORCE 
o r  

O"ii -1 -2 0.0 0.5 1.0 1.5 2.0 2.5 3.0 

STATIC CAR 1 YAW 3- - - 
z . . . . . . .  

0.0014r 

E z , ,  , , , j  
O.oo00 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 cvw 
MOBILE YAW 

0 . 0 0 5 m i  

0.010 

J 0 . m  

-6.005 

-0.010 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/w cvw 

-0.08 I -0.002 I I 
0.0 O S  1.0 1.5 2.0 2.5 3.0 0.0 0.5 1.0 1.5 2.0 2.5 3.0 

cvw dFw 

STATIC CAR 3 SIDE FORCE STATIC CAR 3 YAW 

-0.06 I -0.00101 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlW 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 cvw 



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

separation: 1(0.21), 2J0.41), 3(1) 

t q s t  
0.40' 

0.30 - ---- L. .L... . .- (a)- 

STATIC CAR 1 DRAG 

- 
u" 0.20 - 

- 

0.1Ot  

0.cd I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/w 

O.l0L- 0.05 

O.lOL- 0.05 
0.00 I 1 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 

STATIC CAR 3 DRAG 
____________-------..........--- 

0.00 I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/w 

0.020(_ 
STATIC CAR 1 SIDE FORCE 

-0.0101 I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dEw 

MOBILE MEAS. SIDE FORCE 

2 2 4  1 " ' F - , j j  MOBILE YAW 

SO ct: 0.060 
-1 

-2 

-0.065 
-0.010 

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 
dlw 

0.04 I 
STATIC CAR 2 SIDE FORCE 

1 

dh 

0.002 

0.001 

STATIC CAR 2 YAW 

0.060k -I 
0.02 

0.00 
0" 

4.02 d 
-0.04 -0.001 
-0.08 -0.002 

____-- - - - - -  
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/w 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dh 



separation: 1(0.21), 2j0.41), 3(1) 
moving car position= 2 
acceleration profile: 1 (static), 2(2t,,), 3(1.5&), 4(&), 5(o.67td), 6(0.50t,)= 6 
zotlon: out of platoon 

0.00 o . l o l L - - - - A  0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/W 

0.00 I I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dhv 

STATIC CAR 1 SIDE FORCE 
0.030 STATIC CAR 1 YAW - - - 

0.0014 

0.0010 
(e) 0.0012 

0.020 (i) 

(vw dhv 

G!;] 

MOBILE MEAS. SIDE FORCE 

-1 

-2 
-3 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dhv 

3 

MOBILE YAW 

-O.m 
-0.010 
-0.015 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 

4.08 -0.002 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 0.0 0.5 1.0 1.6 2.0 2.5 3.0 

d h  dhv 

STATIC CAR 3 SIDE FORCE STATIC CAR 3 YAW 

0.02 

0.00 
---.-..._.. 

-=*****a::::::-- .-.:... - - I - - - . - -  .-.- . -___ -.... ----.--..*. .......-_. 
0" 3 -0.ooo2 

--=-<--------- --,- , 
-0.04 
-0.06 

- ---------- - 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 -0.ooo8 0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/W dhv 



moving car position= 2 
acceleration profile: l(static), 2(2td), 3(1.5&), 4(&), 5(0.67td), 6(O.5Otd)= 6 
motion: Into platoon 

separation: 1(0.21), 2 0 41), 3(1) 

2 ....... 
4: 

t2PI STATIC CAR 1 DRAG STATIC CAR 1 SIDE FORCE STATIC CAR I YAW - - - 

0.020 

0" 0.20 0" 0.010 

0.10 0.000 

0.00 -0.010 
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 0.5 1.0 1.5 2.0 2.5 3.0 

d/w d/w dlw 

MOBILE DRAG 

O" :::f 
0.05 
0.00 I 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/W 

0.25 
0.20 ................ 

STATIC CAR 2 DRAG - ,- 

~ 0.15 
=- __.-.--- - - 

O . l O L  0.05 
0.00 I 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 

MOBILE MEAS. SIDE FORCE 
1 

rl 
-31 - 8 I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dtw 

STATIC CAR 2 SIDE FORCE 
0.041 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
m 

MOBILE YAW 
0.010 

0.WO 

-0.005 

-0.010 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dtw 

STATIC CAR 2 YAW 

..,,,,:,,--,-:,--,-..'.......I .:, (k) 0 . W  ...... 
0.001 

-0.@Jr,------- m - - - - - 
- ri: 0.WO- 

-* - 

-0.002 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dtw 

STATIC CAR 3 DRAG STATIC CAR 3 SIDE FORCE STATIC CAR 3 YAW - -  .......- ................. 0.04 O.ooo4 

0.02 (h)_l o.OOO2c (I)-l 

0.10 

0.05 

0.00 

_- - - - - - - 
-0.oo06 
-0.WO8 

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 
d/w 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w dr, 

Q, 
0 



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

moving car position= 3 
acceleration profile: 1 (static), 2(2k,), 3(1 .st,,), 4(t,,), 5(0.67td), 6(0.50td)= 1 
motion: out of platoon 

O.l t 1 
0.0 I I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/W 

STATIC CAR 2 DRAG 

0 " l  t 1 
0.0 I I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/W 

MOBILE DRAG 
0.3 

, . , , , ,JZJJIZZZI - - - - -  0.2 
0" 

O.' I- 1 
0.01 I 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 

STATIC CAR 3 DRAG 

0" 0.15 

0.05 
0.00 I I 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/W 

-0.0301 I 1 
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 

dEw clrw 

0.06 I 
STATIC CAR 2 SIDE FORCE 

/n 1 

0" - 
- 

-0.04 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/w 

3 

MOBILE MEAS. SIDE FORCE MOBILE YAW 

u" 3 -0.0010 
-0.0015 
-0.0020 
-0.0025 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
clrw 

STATIC CAR 3 SIDE FORCE STATIC CAR 3 YAW 
-0.0005 

-0.0010 
s-d/---s==+E==' (1)- 

-0.08 I J -0.0025 I 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 

d/w clrw 



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

2 
1- 

STATIC CAR 1 YAW - - - ....... 

-0.0015 

0.0015 
0.0010 

-0.0005 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 

STATIC CAR 2 YAW 

-0.0010 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 

moving car position= 3 
acceleration profile: l(static), 2(2td), 3(1.5t,,), 4(b), 5(0.67t,,), 6(0.50b)= 1 
potion: tnto platoon 

0" o.2 t 
t 1 1 

0.0 I I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dhv 

STATIC CAR 2 DRAG 

0" 

O.l t 1 
0.01 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlw 

MOBILE DRAG 

O.l t- i 

0.0301 
STATIC CAR 1 SIDE FORCE 

6 : : E I - M  4 
-0.020 
-0.030 

..*.__ 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlw 

0.081 
STATIC CAR 2 SIDE FORCE 

-0.041 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlw 

0.101 
MOBILE MEAS. SIDE FORCE 

1 

0.01 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlw 

STATIC CAR 3 DRAG $;;y ..... .- -..-x_- - -..-..- 

0.10 
0.05 
0.00 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlw 

4.lOF -I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dEw 

STATIC CAR 3 SIDE FORCE 

(hL- 
- 

rf -0.0015k -I 

I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlw 



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

2 
!- 
....... 

0.0015 

0.0010 

3 0.0005 

STATIC CAR 1 YAW - - - STATIC CAR 1 DRAG 

- - - -  - - - - - _ _ _ .  -.-.-----------4L 

3 0.15 
0.10 

0.00 
0.05 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 

O" 0.05 0.00 ::::: 0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/W 

0.030 
0.020 

STATIC CAR 1 SIDE FORCE 

3 o.Oo0 ......... 
-0.010 
-0.020 
-0.030 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 

STATIC CAR 2 SIDE FORCE 
0.04 - 

- - - x - - - - . - -  .................... ....... 
-0.02 

-0.04 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dEw 



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

2....... - - - 
4- 

0.0015 

0.0010 

STATIC CAR 1 YAW 

_ _ _ _ - - - - - - - - -  - - - - -  - _ _ _ _ -  - -  
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dhw 

STATIC CAR 2 YAW 

0.0010 _________-__--- - - - -  ------.--------. 
-0.0010 

-0.0020 - -- - - - .I I- - - - - 
-0.0030 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhw 

MOBILE YAW 

0.0010 

-0.0010 

-0.0020 

moving car position= 3 
acceleration profile: l(static), 2(2t,), 3(1.5t,,), 4(b), 5(O.67td), 6(0.50td)= 2 
motlon: into platoon 
E3P STATIC CAR 1 DRAG 

0.25 - ~ Y Y ~ - . - - ~ U _ = U V _ . U _ - ~ ~ ~  

0.10 
0.05 
0.00 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 

STATIC CAR 2 DRAG 

0" 0.15 

0.05 
0.00 I J 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 

0.30 I 
MOBILE DRAG 

. .  

0.00 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/W 

STATIC CAR 3 DRAG 

0.10 

0.05 
0.00 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/W 

STATIC CAR 1 SIDE FORCE 

-O.MOC ' - I  
-0.0301 1 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 

STATIC CAR 2 SIDE FORCE 
- = l = 3 g - - = = = = ;  

d/w 

MOBILE MEAS. SIDE FORCE 

0" 0.0 

-0.2 

-0.4 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dhv 

STATIC CAR 3 SIDE FORCE 

-0.04\, /-- -e--=-¶ - 
-0.06 - \ '------ - 
-0.00 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhw 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dEw 



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

STATIC CAR 1 YAW 3- - - 
2 ....... 

0.0010 
O.ooo5 
O.oo00 

0' -0.0005 

-0.0015 
-0.0020 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dk 

STATIC CAR 2 YAW 

0.0010 .~l : : : ' : : t * , . . , . l . .~~ .... , . , * t t c i c c i i  

J -0.0010 
-0.0020 
%So I - - - - -  - - - - -  

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d k  

moving car position= 3 
acceleration profile: l(static), 2(&), 3(1.5fd), 4(fd), 5(0.67td), 6(0.5ot,,)= 3 
motion: out of platoon 
ESP, STATIC CAR 1 DRAG 

- - - - - - I - - - - -  

0.10 
0.05 
0.00 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/W 

STATIC CAR 2 DRAG 

__Y___r___....e_ ..-e-----------. 

0.10 

0.05 
0.00 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 

MOBILE DRAG 

___- - -  
0.10 

0.05 
0.00 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlw 

STATIC CAR 3 DRAG 

0" 0.15 

0.05 
0.ool 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlw 

0.0401 
STATIC CAR 1 SIDE FORCE 

-0.020 I I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

diw 

STATIC CAR 2 SIDE FORCE 
0.06 
0.04 ---- - - - ---< (9- 

I 0.02 - - 

dlw 

d W  

MOBILE YAW 

c f  -0.0010 

-0.o020 
-0.OO30 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dk 

STATIC CAR 3 SIDE FORCE STATIC CAR 3 YAW 

0.02 .-.-:<e*---,* .......... .....-..... 
-0.0012 x __ -- -- -- 5 ------- -- 
-0.0014 .....- - . - - - -  .._.___ ..,.... -.-.;;::::.-: ........ .................... 0" -0.02 ................. 

-0.04 5Nb----=s - - - -. ' -0.0016 

-0.06 -0.0018 
-0.08 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlw 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dk 



separation: 1(0.21), 2j0.41), 3(1) 

STATIC CAR 1 DRAG 
0.30 
0.25 
0.20 

0" 0.15 

0.10 

0.05 
0.00 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/W 

STATIC CAR 2 DRAG 

0.20 

0.10 

0.05 
0.00 I 1 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dh 

" O.lOL 0.05 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d!W 

STATIC CAR 1 SIDE FORCE 
z .  ...... 

STATIC CAR 1 YAW - - - 
0.040 
0.030 

0.0010 ----.-.=~2ii.rr..r..--r------, 

0.0005 

MOBILE MEAS. SIDE FORCE 

-0.2 
-0.4 ...d***/> 
-0.6 \--- 
-0.8 

0.0 ,/ 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dh 

0.041 
STATIC CAR 3 SIDE FORCE 

- 
- 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dfw 

; z z ]  MOBILE YAW 

-0.0010 

-0.0020 
-0.o030 

-L- 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 

-0.0020 I> 
0.0 0.5 1.0 1.5 

dhv 
2.0 2.5 3.0 



separation: 1(0.21), 2 0.41), 3(1) j- 
STATIC CAR 1 DRAG 

0.30 I 

0" 0.15 

0.05 
0.00 I 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 

0" 0.15 

0.05 
0.00 I I 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 

0.05 1 -I 
0.001 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dh 

0.001 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/W 

L . - - . . . . 
STATIC CAR 1 SIDE FORCE 

0.0401 STATIC CAR 1 YAW 3- - - 
. .  0.0020 I 

-0.0201 I -0.0030 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 

dh dhv 

- 
- 

-0.04 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dhv 

MOBILE MEAS. SIDE FORCE 
1.51 

-1.51 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dh 

J 

0.0020 
STATIC CAR 2 YAW 

0.0010~........,........ s a . . . -  ' ...,I..... (j>J 

- -- - - - - - - - - - - - - -  I...-------= 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 

MOBILE YAW 
0.008 
0.004 
0.002 

cf 0.600 
-0.002 
-0.004 
-0.008 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dh 

-0.04 E--- -- -- -- - - - - - =  -0.0014 

-0.06 - - 
-0.08 

-0.0018 
-0.0018 

- _ - - -  - 

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 
dhv dh 



separation: l(0.20, 2{0.41), 3(1) 

STATIC CAR 1 DRAG 

0.10 

0.00 
0.05 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 

STATIC CAR 2 DRAG 
0.30 1 

0.05 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 

0.00 I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dhv 

STATIC CAR 1 SIDE FORCE 

2-< - -- ,=--- 

dhv 

1.51 
MOBILE MEAS. SIDE FORCE 

-1.51 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dhv 

d g g j  MOBILE YAW 

-0.Mn 
-0.004 
-0.008 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dFw 



moving car position= 3 
acceleration profile: l(static), 2(2t,), 3(1.5&), 4(&), 5(o.67td), 6(o.50td)= 5 
motton: out of platoon 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlW 

~ ~~ 

0.301 
STATIC CAR 2 DRAG 

1 

O" 0.00 "IL--A 0.05 0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlw 

0.05 c -1 

0" 0.15 

0.05 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/W 

~- 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 

0.061 
STATIC CAR 2 SIDE FORCE 

1 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dh 

MOBILE MEAS. SIDE FORCE 

1 

0 

-1 

0" 

-2 lzz?!l 0.0 0.5 1.0 dlw 1.5 2.0 2.5 3.0 -0.OlOl 
0.0 0.5 1.0 1:s 2.0 

cvw 
2.5 3.0 



STATIC CAR 1 DRAG 

(a 

0" 0.15 

0.05 
0.00 I 1 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 

STATIC CAR 2 DRAG 
I 

0" 0.15 

0.05 
0.001 1 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 

- 0.10 
0 . 0 5 1  , , , , , 4 
0.00 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 

STATIC CAR 3 DRAG 

0.10 

0.05 
0.00 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlW 

0.030( 
STATIC CAR 1 SIDE FORCE , .  

0.0 0.5 1.0 1.5 2.0 2.5 
d/w 

STATIC CAR 2 SIDE FORCE STATIC CAR 2 YAW 

- 1  

s 
0.00 

-0.02 
-0.04 

d/w 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlw 
MOBILE MEAS. SIDE FORCE 

0 

-1 

-2 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dhv 

J 

0.0101 
MOB11 .E YAW 

I#.\ 

-0.UlOI 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlw 

-0.0068 
-0.oo08 

STATIC CAR 3 YAW 



separation: 1(0.2i), 2(0.41), 3(1) 
1- 

STATIC CAR 1 YAW 3- - - 
2.. . . . . .  

0.0020 

0" 0.15 

0.05 
0.00 I 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 

STATIC CAR 2 DRAG 

- - --------- 
0.10 
0.05 
0.00 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 

MOBILE DRAG 
0.25 

0.20 

0.15 

0.10 

0.05 
0.00 

0" 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 

STATIC CAR 3 DRAG 

............ _.___-. e----- 

___._._ ~ _ _ _ _ _  __.. 
0" 0.15 

0.05 
0.00 I 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 

MOBILE MEAS. SIDE FORCE MOBILE YAW 

S O  /' 
-2 - 
-4 -0.015 

-0.005 
-0.010 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dk 

STATIC CAR 3 SIDE FORCE STATIC CAR 3 YAW 

----,_,-.-.y..~- ...-_ "__.. -. . _ _  ----. ._.. -.-.-.-.-.=..*--; 0.00 -0.0010 

-0.0012 

-0.0014 
-0.0016 

- E- +=- -  - - - -  
-0.06 
-0.08 
-0.10 

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 
dhv dw 



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

moving car position= 3 
acceleration profile: l(static), 2(2td), 3(1.5t,,), 4(fd), 5(0.67&), 6(o.50td)= 6 
motlon: Into platoon 

0" 0.15 

0.05 
0.001 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 

6 0.15 

0.05 

__ o . o roL  J 

-0.030L I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/w 

2....... 

0.0020 
STATIC CAR 1 YAW 3- - - ,., 

STATIC CAR 2 SIDE FORCE STATIC CAR 2 YAW 

0" 
0.02 

0.00 -6.002 

-0.02 
-0.04 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 - - - - - - - - - - - - -  

dlw dM 

MOBILE MEAS. SIDE FORCE MOBILE YAW 

0.010 .Kc., 

J o.Oo0 
-2 

-4 

-0.005 ----- 
-0.010 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlw 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dEw 



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

motron: out of platoon 

0" 

0.0201 
STATIC CAR 2 SIDE FORCE 

I t \  

0.015 

0.010 

0.005 

O.Oo0 

. :a:-: ..---. ._ 

- w  I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dhv 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

drw 

0.04 

0.08 
0.06 

MOBILE DRAG MOBILE MEAS. SIDE FORCE MOBILE YAW 

(1)- 

0" 0.02 
0.10 0.m 

0.00 -0.04 

- 
- 

0.05 -0.02 -0.0020 - - 
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 

-0.0025 

#w 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/W dhv 



moving car position= 4 
acceleration profile: 1 (static), 2(2td), 3(1.56), 4&), 5(0.67td), 6(0.50b)= 1 
motion: Into platoon 

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

2....... 
STATIC CAR 1 YAW - - - 

4- 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 

E,,,, STATIC CAR 1 DRAG 

...-...-- -_._.._ ... 

0.10 

0.00 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dhv 

STATIC CAR 2 DRAG 
i i t > T _ L L . . . .  ,,... II~~.~C-..Z...~.Lr.L, 

0.10 

0.05 

0.00 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dhv 

0.00 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlw 

MOBILE DRAG 

_--.-- 
-Is- 

- - - - -  
0" 0.15 

0.10 
0.05 
0.00 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/W 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv dtw 

0.020 I 
STATIC CAR 2 SIDE FORCE 

1 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 

STATIC CAR 3 SIDE FORCE 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 

3 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dw 

4.0014c -1 

~ . ~. 

4.0022 I . ,  
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dw 

, e.. , 

MOBILE MEAS. SIDE FORCE MOBILE YAW 

0" 0.02 %.--.--- ---. 
0.00 
-0.02 
-0.04 

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 
dhv drw 



moving car position= 4 
acceleration profile: l(static), 2(21,), 3(1 .st& 4(t& 5(0.671,,), 6(0.50tJ= 2 
motion: out of platoon 

separation: i(0.29, 2 0.41), 3(1) 4- 

STATIC CAR 2 DRAG 
0.0020 

STATIC CAR 2 YAW 

~ 0.15 
0 

0.0010 
0.10 

0.05 

0.00 

0.005 ......-..---......_._...___...-..-..... 
0.WM) 
-0.ooo5 -0.005 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlw 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w dEw 

STATIC CAR 3 DRAG 
0.25 

0.20 

0.15 

0.10 
u" 7 

o.o& -I 
0.00 I I 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 

-0.o020 I I 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlw 

MOBILE MEAS. SIDE FORCE MOBILE YAW 

-0.M)lO 

-0.0020 

-0.0030 
-0.2 

-0.4 I J -0.0040 I 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 

d!w dlw 



acceleration profile: l(static), 2(2td), 3(1.5b), 4(fd), 5(0.67td), 6(0.5otJ=: 2 
moving car position= 4 

motion: into platoon 

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

2....... 
L- 

0" o.2 t 
O.l t 

1 1 

STATIC CAR 1 YAW 3- - - 
=P#.iFZC1I=E.4 (0 

0.01 I I 0.0005 L 
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 0.5 1.0 1.5 2.0 2.5 3.0 

dhv dhv d/w 

dhv 

STATIC CAR 3 DRAG 
0.25 

- 
0" 

0.10 - - 0" 

O . O 5 l L - - - - l  0.00 0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/W 

MOBILE DRAG 

---_-c 

0.10 

0.05 
0.00 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 

dhv dM 

0.030 
STATIC CAR 3 SIDE FORCE 

0.020 *- -  - - - *  

0.010 

0 . W  

....'. ..-..:- . - *;;. .*..-.-.. --. 
= E , -  

..-. . . -. . . . .::.. 
\ ... 
1- - 

-0.orol 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dhv 

- o . 2 1  -0.4 0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dhv 

STATIC CAR 3 YAW 
- 0 . m 5 t  - -1- - ' 

- - - - - = = = = = - - = j  - - - - - -  - _ _ _ _ -  1 (k) 
-0.0010 - - 

3 - 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dtw 

MOBILE YAW 
0.0010 

-0.0010 

-0.0030 
-0.0040 

--,3 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 



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

moving car position= 4 

Eotlon: out of platoon 
acceleration profile: 1 (static), 2(&), 3(1.5t,), 4(t,), 5(o.67td), 6(o.50td)= 3 

'4pl STATIC CAR 1 DRAG 
0.401 I 

0.30------------, .................................... 
0" 0.20 - - '"ri 

0 . l O t  -I 

0.00 I I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlw 

0 . 0 5 1  0.00 0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlw j;;] MOBILE DRAG 

--E-= 

0.10 

0.05 

0.00 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/w 

z ....... 
STATIC CAR 1 SIDE FORCE STATIC CAR 1 YAW 3- - - 

O" 
-0.010 

-0.020 
-0.030 -0.0005 

0' 0.0005 

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 
dlw dhv 

STATIC CAR 2 SIDE FORCE 
0.025 
0.020 

-0.0101 I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dhv 

STATIC CAR 3 SIDE FORCE 

cs>- 
- 

0.000 - - 
-0.OlOl I 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlw 

MOBILE MEAS. SIDE FORCE 

O" 0.0 
-0.2 

3 

3 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 

0.0010 - - 
0.00057 ................................... 

-0.0005#- I 

- 
O.MXX)T-.:::--.-.-.:--r - 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 

-0.0015 - - _ _  
-0 .MnO 

............ ,.. * --.>---.-.- _._.._ 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dEw 

-0.008 I I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dAv 



moving car position= 4 
acceleration profile: l(static), 2(2t,). 3(1.56), 4(6), 5(0.67&), 6(0.5ot,)= 3 
motlon: Into platoon 

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

,.lot 4 
0.001 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 

0.1ob -I 

0.00 I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dhv 

STATIC CAR 1 SIDE FORCE 

0" 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 

STATIC CAR 2 SIDE FORCE 
0.025 
0.020- - (9- - 

- - - 
-0.005 
-0.010 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 

-0.0005 o.mm 0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlw 

0.00201 
STATIC CAR 2 YAW 

1 

STATIC CAR 3 SIDE FORCE STATIC CAR 3 YAW 

3 0.010 -0." 
- - - -  - - _ _ - - -  

6.0010 
0.060 

6.010 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 -0.0020 

dhv 

MOBILE MEAS. SIDE FORCE 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlw 

MOBILE YAW 

3 4.002 
-0.2 
-0.4 
-0.8 

-0.004 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 -0.006 
dlw 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 



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

2 - - - - . . . 
STATIC CAR 1 YAW - - - 

I- 
0.0015~ = -5% e= = ='-s-----= 3 (il 

moving car position= 4 
acceleration profile: l(static), 2(&), 3(1.5&), 4(&), 5(0.67td), 6(0.50t& 4 
motion: out of platoon 

0,lOt -I 

0.25 
0.20 ,,,..."--------- d (d) 

0.05 c -I 
0.00 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
ruw 

STATIC CAR 1 SIDE FORCE 

(e)- 
- 
- 
- 

-0.030 - 
-0.040, 

- 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dhv 

STATIC CAR 2 SIDE FORCE 

(9- - 
- - - - 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dEw 

I3 

J 

0.0010~ "I 

-0.0005 o.mm 0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dhv 

0.0015 
0.0010 

0.0005 

O.oo00 

-0.0005 

STATIC CAR 2 YAW 

-0.00101 I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlw 

STATIC CAR 3 SIDE FORCE 
0.030 

STATIC CAR 3 YAW 

0" 0.010 

-0.0101 I 1 
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 

dhu dlw 

1 . 5 I j  

MOBILE MEAS. SIDE FORCE MOBILE YAW 

1 .o 
0.5 

J 0.0 J -0.002 
-0.5 -0.004 
-1 .o -0.008 \- -- 
-1.5 -0.008 
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 

dhv dhv 



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

STATIC CAR 1 YAW - - - 
0.0015 

0.0010 

0.0065 

O.oo00 

-0.0065 
0.0 0.5 1.0 1l 2.0 2.5 3.0 

O " o . 2 0 r - - - - - -  0.10 i 
0.00 I 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dh 

STATIC CAR 2 DRAG 
_ _ _ _ _ _ _ _  - - - - - - - -  (b) ...................... 

0.25 MOBILE DRAG 
0.20 ..................... 

-1- - 2 (d) 

O" ":"E 
0.05 

0.00 I J 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/w 

u" 

0.0201 
STATIC CAR 1 SIDE FORCE 

-0.0401 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/w 

STATIC CAR 2 SIDE FORCE 
0.025 I 

(9- 

o.Oo0 - 
-0.005 - 
-0.010 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 2.0 2.5 3.0 
dh 

0.0301 
STATIC CAR 3 SIDE FORCE 

-0.0101 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlw 

MOBILE MEAS. SIDE FORCE 
1.51 

-1.51 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dh 

I .. 

-0.ooo5 
-0.0010 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dh 

STATIC CAR 3 YAW 

-0.0010 
4.3015 

-0.0020 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/w : ; " T \ y i  MOBILE YAW 

-0.004 
-0.008 \ 
-0.008 

J -0.002 - --/ 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dh 

03 
0 



moving car position= 4 
acceleration profile: 1 (static), 2(2td), 3(1 .St,,). 4(fd), 5(0.67td), 6(0.50td)= 5 
motion: out of platoon 

separation: 1 (0.21), 2 0 41), 3(1) 

2 . . - . . . . 
STATIC CAR 1 YAW 3- - - 

4- 
E1151 STATIC CAR 1 DRAG STATIC CAR 1 SIDE FORCE 

0.001 0 

(3 0.0005 0" 
-0.010 

-0.020 
0.0 -0.030 

0.1 

-0.0005 
-0.0010 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
drw 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlw 

0.05 O.lOL 
0.00 I 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlw 

STATIC CAR 3 DRAG 

0 .1Ot  -I 
0 . 0 5 1  0.00 0.0 0.5 1.0 1.5 2.0 2.5 3.0 

drw 

0.030 
STATIC CAR 2 SIDE FORCE 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 

STATIC CAR 3 SIDE FORCE 
0.040 

0.030 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlw 

- ....-.. -.-.-.-, ,.sttLL;:::::- ,,., *,.. 1 

.? -0.0005t- i 
U . . . . . . . . . . - . . . . ..-..-..-...-.._..._ 

.......-..........s j 
-0.00201 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlw 

MOBILE DRAG MOBILE MEAS. SIDE FORCE MOBILE YAW 

0" 
0.15 0.000 
0.10 -1 

0.05 -2 -0.010 

0.ool I I - 0 . 0 1 5 1 1  
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlw 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlw 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlw 



moving car position= 4 
acceleration profile: l(static), 2(2t,), 3(1.5t,,), 4(t.,), 5(0.67td), 6(0 
motion: Into platoon 
h , 5 ,  STATIC CAR 1 DRAG 

1 

0.2 ( a q  

O.l t 1 
0.01 1 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlw 

.50td)= 5 

0.020 r 
STATIC CAR 1 SIDE FORCE 

. .  

3 

separation: l(O.ZI), 2 0.41), 3(1) 

2..... . .  
4- 

STATIC CAR 1 YAW - - - 

-0.0005 
-0.0010 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 

STATIC CAR 2 DRAG 
0.25 I 

STATIC CAR 2 SIDE FORCE STATIC CAR 2 YAW 
0.0301 0 W15l 

0.05 tM1 -o.olo t O.Oo0 0.6005 
-0.0010 0.00 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlw 

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 
din dhv 

STATIC CAR 3 DRAG 

0.10 

0.05 
0.00 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlw 

MOBILE DRAG 

O" O T  0.10 

0.00 0.05 1 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d W  

0.040 

0.030. 

STATIC CAR 3 SIDE FORCE 

o.Oo0 I I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

din 

MOBILE MEAS. SIDE FORCE 

0" 
-1 

-2 

I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlw 

-0.0151 I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dhv 



movina car nosition= 4 separation: 1(0.21), 2 0.41), 3(1) 

2....... 
!- 

0.40' 
STATIC CAR 1 DRAG 

0.30=-- = (a, = ==-=T;=-*= - 
O" 0.20 - - 

0.10 

0.00 

- - 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlw 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlw 

" ::::I , , , , , 4 
0.00 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 

STATIC CAR 1 SIDE FORCE STATIC CAR 1 YAW - - - 

0" 
0.W5 

-0.020 -0.0005 
-0.030 -0.0010 

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 
dh dh 

STATIC CAR 2 SIDE FORCE 
0.030 

STATIC CAR 2 YAW 

(9- 
- 3 0 . m  
- -0.0005 

-0.010 
-0.0010 
-0.0015 

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 
dhv dEw 

0.040 

0.030 0.mL - 
STATIC CAR 3 SIDE FORCE 

0.0005 
STATIC CAR 3 YAW 

3'F - -- ------ --  ---'----L-- - ( k ) l  

6.0101 -0.00201 
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 

dlw d/w 

MOBILE MEAS. SIDE FORCE 

2 
1 

0 " O  
-1 

-2 
.3 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlw 

MOBILE YAW 
0.010 

0.005 

0 . W  

-0.005 
0' 

' 1  
.O 

d/w 



moving car position= 4 
acceleration profile: l(static), 2(2$), 3(1.5b), 4&), 5(0.67td), 6(0.50t,,)= 6 
motlon: Into platoon 

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

0.00 I 1 -0.0301 I -0.00lOl 1 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/w 
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 

dkv dhv 

0.030 I STATIC CAR 2 SIDE FORCE 

-0.oroL 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d h  

STATIC CAR 2 YAW 
o.OO1o -------=cccc= 

......................... 
-0.0010 
-0.0015 

.-.?a*..<-*- 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dk 

STATIC CAR 3 DRAG STATIC CAR 3 SIDE FORCE STATIC CAR 3 YAW 
0.25 

0.20 

0.15 

0 

0.05 

10- 

- 

I - -' - - -L - -'- ..,,,,,.....-------- - - - _ _  - - - - - - - (c) 
- 

0 0" - -0.0016 

-0.0015 - 
0.00l I -0.0101 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
-0.00201 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/W dlw 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dk 

0.001 1 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/W 

MOBILE MEAS. SIDE FORCE 

$ 0  
-1 

-2 
-3 tzz?I?l 0.0 0.5 1.0 dlw 1.5 2.0 2.5 3.0 

MOBILE YAW 
0.010 

CJ 0.000 

-0.m 
-0.010 
-0.015 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dk 



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 all 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. 

85 



moving car position: 
1- 4-.- 

separation: l(0.21 , 2(0 41), 3(1) = 1 
acceleration profile: l(static), 2(2t,,), 3(1.5(,), 4(tJ, 5(0.67td), 6(0.50td)= 1 
potlon: out of platoon 
%ll MOBILE DRAG 

0.40 I I 

O . ’ 1  0.0 0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/W 

STATIC CAR 3 DRAG 

0.1 

0.0 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/W 

-0.04 1 -0.0030 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 

dhv dhv 

-0.OSi I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlw 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

cl/w 

0.04 
STATIC CAR 2 SIDE FORCE 

I 

-0.04 1 
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 

dhv cl/w 

-0.0201 I 
0.0 0.5 1.0 2;s 2.0 2.5 3.0 0.0 0.5 1.0 1:5 2.0 2.5 3.0 

WW aw 



06 s'z 02 O'L 01 s'o 00 w 
I 1 two- 

OE s'z oz s'l 01 so 00 
w 

c 
OZOo- 
0100- 

06 S'Z OZ 
m/p 

0'1 S'O 0'0 



moving car position: 
I- 4- - -  

separation: l(0.21 , 2(0.41), 3(1) = 1 
acceleration profile: l(static), 2(2&), 3(1.5&), 4(b), 5(0.67td), 6(0.50Q= 2 
motton: out of platoon 
=I121 MOBILE DRAG 

t 1 
0.01 I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlw 

0.401 
STATIC CAR I DRAG 

1 

0 . 1 0 ~  

0.00 141 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlW 

STATIC CAR 2 DRAG 

/ - - - - - - - = = =  
0.20 - - 

.&'u\%&,&~~~+~-+?~&&& 

0.10 

0.05 
0.00 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlw 

STATiC CAR 3 DRAG 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d l W  

MOBILE MEAS. SIDE FORCE 
2..... 

MOBILEYAW 3- - 

0" 0.0 3 

-0.4 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d h  
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlw 

0.04 I 
STATIC CAR 2 SIDE FORCE 

-0.06 I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlw 

3 

0.040 
0.030 
0.020 
0.010 

STATIC CAR 3 SIDE FORCE STATIC CAR 3 YAW 
-0.0012 

0" 0 . m  
-e..- 

-0.010 
-0.020 
-0.030 

-=--=======-.= 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 -0.0022 0.0 0.5 1.0 !:5 2.0 2.5 3.0 

OJ 
OJ 



moving car position: 
1- 4-.- 
2..... 

MOBILEYAW 3-  - 
0.0010 

-0.0010 

-0.0020 
-0.o030 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 

separation: l(0.21 2(0.41), 3(1) = 1 
acceleration profilk l(static), 2(2&), 3(1.5t,,), 4(Qr 5(0.67td), 6(0.50t,,)= 2 
motion: Into platoon 

O.l t 1 

MOBILE MEAS. SIDE FORCE 

0" 0.0 

-0.2 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 

o . ' o L - - - - A  0.00 0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/w 

O . l 0 L  0.05 
0.001 I 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlw 

0.30 I 
STATIC CAR 3 DRAG 

I 

::;:I , , , , , 4 
0.00 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d W  

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 

STATIC CAR 1 SIDE FORCE 
0.04 . (9- 

- 
J - 

-0.061 J 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlw 

0.0401 
STATIC CAR 3 SIDE FORCE 

rlhu 
1.5 2.0 2.5 3.0 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 

4 . 0 0 l O l  I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dhv 

-0.0012 [ 
STATIC CAR 3 YAW 

... 

v. wu I 

0.0 0.5 1.0 1.5 2.0 2.5 
1 3.0 



separation: 1 (0.2l,),,2(0.41)! 3(1) I 1 
acceleration profi e' l(statlc), 2(2t,,), 3(1.5&), 4(&), 5(0.67&), 6(0 
rnotron: out of platoon 
Ell,, MOBILE DRAG 
0.301 , 

O.lOL 0.05 

.50td)= 3 

0.61 
MOBILE MEAS. SIDE FORCE - 

-0.2 

-0.4 .-./' 
-0.6 

moving c a r  position: 
1- 4-.- 

MOBILEYAW 3- - 
2..... 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 

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 
dhv dtw 

O.lOt- 0.05 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dtw 

STATIC CAR 3 DRAG 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlw 

-0.030 I I -0.0020 I 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 

dtw d h  



separation: l(0.21 , 2(0.41), 3(1) E 1 
acc?ler?tion profile: l(static), 2(2t,), 3(1.5b), 4(b), 5(0.67td), 6(0.50t,,)= 3 
motron: Into platoon 

moving car positlon: 
1- 4-.- 
2..... 

El131 MOBILE DRAG MOBILE MEAS. SIDE FORCE MOBILEYAW 3-  - 
0.004 

0.002 

0.10 

0.05 -0.002 
0.00 -0.004 

0' o.Oo0 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 

1.5 2.0 2.5 3.0 
dlw 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 

O . l O 1  0.00 0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dbi 

0.041 
STATIC CAR 1 SIDE FORCE 

4.081 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dbi 

STATIC CAR 1 YAW 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 

" 0 . 1 O t  -I 
0 . 0 5 1  0.M) 0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlW 

-0.030 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 



separation: l(0.21 2(0.41), 3(1) = 1 
acceleration profik: l(static), 2(&), 3(1.5&), 4(t& 5(0.67td), 6(0.50td)= 4 
Eotlon: out of platoon 

moving car position: 
1- 4-.- 

'1141 MOBILE DRAG 
0.301 

O.lOL 0.05 
0.00 I I 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlw 

0.40 1 
STATIC CAR 1 DRAG 

0.lOt- -I 
0.001 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlw 

STATIC CAR 2 DRAG 

-_----- 
0.10 
0.05 
0.00 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 

0.lOC _I 

O . O 5 ~  0.00 0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlw 

MOBILE MEAS. SIDE FORCE 
z . . . . .  

MOBILE YAW 3- - 
1 .o 
0.5 

0" 0.0 
-0.5 

0 -0.m 
-0.004 
-0.008 
-0.008 -1.5 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 

STATIC CAR 1 SIDE FORCE STATIC CAR 1 YAW 

3 

-0.04 

-0.06 
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 

dlw d/w 



moving car position: - 1- 4-.- 

h 4 l  MOBILE DRAG 
0.30 I I 

O . l 0 L  0.05 

MOBILE MEAS. SIDE FORCE 

-0.5 
-1.0 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 

0.401 
STATIC CAR 1 DRAG 

1 

0 . 1 0 ~  

0.001 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dhv 

STATIC CAR 2 DRAG 
0.30 I . .  
0.25 

0.2Oc;- - - - - - 
I - - - - - - -  

0" 0.15 
---.Iccy.uLII.I 

O.lOL 0.05 
0.00 I I 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 

" ::::I I , , , , 4 
0.00 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d W  

-1.51 I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

.E YAW 3- - 
z . . . . .  

0.0 0.5 1.0 1.5 2.0 
~~~ ~~~ 

dhv dlw 
2.5 
1 3.0 

STATIC CAR 1 SIDE FORCE STATIC CAR 1 YAW 
,* 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 
d/w dlw 

J 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 

4.ooo8 
-0.ooo8 
-0.0010 

STATIC CAR 3 YAW 

- 
- 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlw 





separation: 1(0.2I,),,2(0.4l)! 3(1) = 1 
acceleration profi e' 1 (static), 2(2td), 3(1.5b), 4(b), 5(O.67td). 6(0.50b)= 5 
motlon: Into platoon 
Ell51 MOBILE DRAG 

0.05 O.1° t 
0.00 I 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d W  

0.40 

0.30 ._._._. ~ _._- ".-.-------------- 
STATIC CAR 1 DRAG 

u" 0.00 ~ : ~ l z z I I 2 l  0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlw 

STATIC CAR 2 DRAG 

O.lOL 0.05 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlw 

STATIC CAR 3 DRAG 

o,,5 e _ _ c _ _ _ _ & -  ----------*= 

0.10 

0.05 
0.00 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlw 

0.041 
STATIC CAR 1 SIDE FORCE 

I 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlw 

-0.041 I -0.00201 
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 

dlw dtw 



moving car position: 

2..... 
1- 4-.- 

MOBILEYAW 3- - 
0.010 o.005m] 

0' 
O.Oo0 

-0.005 

-0.010 
-0.015 

.-.> 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
tvw 

separation: 1(0.21), 2(0.41), 3(1) = 1 
acceleration profile: 1 (static), 2(21,), 3(1.56), 4(t,,), 5(0.67td), 6(0.50td)= 6 
motlon: out of platoon 
E,,,, MOBILE DRAG 

0.30f I 

O.lOL 0.05 

0 . l O C  -I 
0.00 ~ 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 

0.05 O.1° t 
0.001 I 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhn 

STATIC CAR 3 DRAG 

0 , l O t  -I 
0.05 --I 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 

MOBILE MEAS. SIDE FORCE 

SO 
-1 

-2 .= & 
-3 :: 0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dhv 

STATIC CAR 1 SIDE FORCE STATIC CAR 1 YAW 
0.04r I.. 0.00151 ,., 

I -0.oolOl I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d!W 

0.041 
STATIC CAR 2 SIDE FORCE 

. .  

-0.04 
-0.06 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhn 

STATIC CAR 3 SIDE FORCE 
1 

, . 0 2 1  -0.04 0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dhv 



moving car position: 
1- 4-.- 
2..... 

separation: l(0.21 2(0.41), 3(i) = 1 
acceleration pmfik: l(static), 2(2td), 3(1 .5td), 4(td), 5(0.67td), 6(0.50td)= 6 
motion: into platoon 
E,,,, MOBILE DRAG MOBILE MEAS. SIDE FORCE 

0.00 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/w 

STATIC CAR 1 DRAG 

0.10 

0.00 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/w 

STATIC CAR 2 DRAG 

0.00 I I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/W 

d/w 

0.04 1 
STATIC CAR 1 SIDE FORCE 

MOBILEYAW 3- - 
0.010 

0' 
-0.005 

L3 

-0.015I I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dtw 

STATIC CAR 1 YAW 
0.0015 
o.OO1o*-~s.v ~ -....- .---...--. m- 
O.OCO5- 

- - - E 3  

-0.00101 I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 



separation: l(0.21 , 2(0 41), 3(1) = 2 
acceleration profile: l(static), 2(2td), 3(1.5t,,), 4(t,,), 5(0.67td), 6(0.50t,,)= 1 
motion: out of Dlatoon 

moving c a r  position: 
1- 4-.- 
2..... 

E,,, MOBILE DRAG MOBILE MEAS. SIDE FORCE 
0.10 MOBILEYAW 3- - 
0.05 0)- - 

0" 0" 0.00 - 
- 

-0.05 
-0.0020 - 
-0.0025 - - 

0.01 I -0.101 I I -0.0030 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 0.5 1.0 1.5 2.0 2.5 3.0 

dhv dhv dhv 

0.40 
STATIC CAR 1 DRAG 

*................ 
ut.----* 

u" 0.20 - i 
0.00 O . l O 1  0.0 0.5 1.0 1.5 2.0 2.5 3.0 

drw 

STATIC CAR 2 DRAG STATIC CAR 2 SIDE FORCE STATIC CAR 2 YAW 
1 ..... I 

O" 0.05 0.00 ::::: 0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/w 

-0.020 
-0.030 -_. 
-0.040 

.. . 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dEw 



separation: 1(0.21), 2(0.41), 3(1) = 2 
acceleration profile: l(static), 2(2td), 3(1.5t,,), 4(fd), 5(0.67td), 6(0.50td)= 1 
motion: into platoon 

moving car position: 
1- 4-.- 
2..... 

0.0 0.0 ~ 0.5 1.0 1.5 2.0 2.5 3.0 

d/W 

STATIC CAR 1 DRAG 

0" 0.20 

0.10 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 

STATIC CAR 2 DRAG 

0.10 

0.05 
0.00 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlw 

0.05 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d!W 

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 
dhv dEw 

STATIC CAR 3 SIDE FORCE STATIC CAR 3 YAW 

0" 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlw 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 



separation: l(0.21 , 2(0.41), 3(1) = 2 
acceleration profile: l(static), 2(2t,), 3(1.56), 4(Q, 5(0.67td), 6(0.50?,)= 2 
motion: out of platoon 

1 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

CUW 

, . l o t  

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 

STATIC CAR 2 DRAG 

0.001 I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/W 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 

0.41 
MOBILE MEAS. SIDE FORCE 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dM 

STATIC CAR 1 SIDE FORCE 

d 
-0.02 

-0.04 
3 

- 0 . m t  , , , , , 4 
-0.08 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 

0.04 I 
STATIC CAR 2 SIDE FORCE 

-0.ooo8 I I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dM 

O.Oo60 
STATIC CAR 2 YAW 

0.0050 ( k q  

0.0401 
STATIC CAR 3 SIDE FORCE 

J 

0.w4OC i 

-0.0024 I I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 



separation: 1(0.21), 2(0.41), 3(1) = 2 
acceleration profile: 1 (static), 2(2t,), 3(1 .St.,), 4(t,,), 5(O.67td), 6(0.5Otd)= 2 
motion: into platoon 

. . .. -. . - 
moving car position: 

1- 4-.- 
2..... 

t 1 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/W 

STATIC CAR 1 DRAG 
0.40 

0.30 

0" 0.20 

0.10 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dtw 

STATIC CAR 2 DRAG 

a 2 * 4  (c) 

0.05 0.00 1 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dtw 

STATIC CAR 3 DRAG 
0.25 

0.20 

0.15 

0.10 
0" 

0.00 0.05 1 
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 
dtw 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dtw 

STATIC CAR 1 SIDE FORCE STATIC CAR 1 YAW 

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 
dtw dFw 

0.04 I 
STATIC CAR 2 SIDE FORCE 

. .  O.Oo80 
o.Obs0 

STATIC CAR 2 YAW 

-0.061 I O . O # O C I . * = . - - - * -  - -  - 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 

dtw dhv 

STATIC CAR 3 SIDE FORCE 
0.040 
0.030 

STATIC CAR 3 YAW 
-0.0012 . 
-0.0014 :-.-.- .--.. ~ t . -  ._ ._..---.-----.-...--- - -  . . . -. . . -. -. . . . - -. - . - . - - . - - .i 

-0.0201 I 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 

dEw dtw dtw 



moving c a r  position: 
1- 4-.- - 

separation: l(0.27, 2(0.41)! 3(1) = 2 
acceleration profi e: 1 (stat@, 2(2t,), 3(1.56), 4(&), 5(0.67td), 6(0.501,)= 3 
motion: out of platoon 

u" O2 t 
t 1 1 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dh 

0.25 
STATiC CAR 2 DRAG 

O" 0.15L  0.10 
0.05 -I 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d W  

O" 0.10 O.l5I 
0.05 t- i 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 

MOBILE MEAS. SIDE FORCE 
0.6 
0.4 
0.2 

u" 0.0 
-0.2 
-0.4 
-0.6 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dh 

3 

MOBILE YAW 3-  - 
z . . . . .  

-0.0040 I I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dhv 

- 0 . 0 3 0 ~  -0.040 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

3 

STATIC CAR 2 YAW 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dh dhv 

STATIC CAR 3 SIDE FORCE 
0.0401 

STATIC CAR 3 YAW 
. .  -0.dbd81 ... 

-0.0201 I -0.002ol 1 
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 

d/W dh 



separation: 1(0.21), 2(0.41), 3(1) = 2 
acceleration profile: I(static), 2(2t,,). 3(1.5&), 4(t,,), 5(0.67t,,), 6(O.50td)= 3 
motion: into platoon 

moving car position: 

2..... 
1- 4-.- 

t 1 
1 

0.01 I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dk 

STATIC CAR 2 DRAG 
0.25 

0.20 

O" ::::: 0.05 0.M) 0.0 0.5 1.0 dlw 1.5 2.0 2.5 3.0 

STATIC CAR 3 DRAG 

0"6sy MOBILE MEAS. SIDE FORCE 

-0.2 

-0.4 
-0.6 

*.._.*' ,/' 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 

J 

MOBILE YAW 3-  - 
0.0020 
0.0010 

0.MXK) 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 

STATIC CAR 1 SIDE FORCE STATIC CAR 1 YAW 
0.0010 -- - - - - J  (i) 
0.0005 

..----..,,IC -*>.= = CIC,~........ --= -3.=.=---7;3 

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 
dk dtw 

STATIC CAR 3 SIDE FORCE STATIC CAR 3 YAW 
0.0401 ,. . 



moving car position: 
1- 4-.- - 

separation: 1 (0.21), 2(0.41), 3(1) = 2 
acceleration profile: 1 (static), 2(2tJ, 3(1.5fd), 4(t& 5(0.67td), 6(0.50td)= 4 
motion: out of platoon 
E,., 

0.301 
MOBILE DRAG MOBILE MEAS. SIDE FORCE 

0.00 0.05 1 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dtw 

O" 0.1 1- 
0.0 I 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 

STATIC CAR 2 DRAG .";;I . . . _-.-... :.-.:.,-, ---- _ _  
0.10 

0.05 
0.00 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dtw 

STATIC CAR 3 DRAG 

0.00 I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlw 

- O . , W  -1.0 

z . . . . .  
MOBILE YAW '- - z . . . . .  

J - 0 . m  
-0.004 
-0.006 

MOBILE YAW '- - 

J - 0 . m  
-0.004 
-0.006 

-1.51 I -0.008 L 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 

dhv CvbV 

-o.08m -0.08 0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dtw 

STATIC CAR 2 SIDE FORCE 

-O." -0.08 0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dtw 

STATIC CAR 3 SIDE FORCE 
0.041 .-- 

I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/w 

STATIC CAR 2 YAW 

3 0 . m  .......... ............. .. m.......... 
0.060 -. --_-_-_-.-c-c-.-c- 

-0.002 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

CvbV 

I 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 

dtw CvbV 



separation: l(0.21 , 2(0.41), 3(1) E: 2 
acceleration profile: l(static), 2(2td), 3(1.56), 4(6), 5(0.67td), 6(0.50td)= 4 
motion: into platoon 
E,,,, MOBILE DRAG 

moving c a r  position: 
1- 4-.- 

MOBILE YAW 3- - 
2..... 

0.004 
0.002 
O.Oo0 

J -0.002 
-0.004 
-0.006 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dtw 

0.051 , , , , , 1 
0.00 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 

STATIC CAR 3 DRAG 

0.ool 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlW 

MOBILE MEAS. SIDE FORCE 

I -0.m I 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 

dtw dk 

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 
dtw dlw 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dk 

-0.041 I -6.6618 I 1 
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 

d/w dhv 



E,,,, MOBILE DRAG 

0.lOF -I 
0.05 !- -I 
0.001 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 

0.3 
STATIC CAR 1 DRAG -,,,,,,~-.-------'------ 4 - - 

0.2 

i 
0.01 I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dhv 

STATIC CAR 2 DRAG 

separation: 1 (0.27,,2(0.41)! 3(1) = 2 
acceleration profi e l(statlc), 2(2&), 3(1.5&), 4(&), 5(0.67&), 6(0.50&)= 5 
motion: out of platoon 

moving car position: 
1- 4-.- 
2..... 

d/W dlW dh 

MOBILE MEAS. SIDE FORCE MOBILEYAW 3-  - ,.. 

-3 I I -0.0151 1 
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 

d/w dh 

-0.08 I I -0.0005 I 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 

dhv dh 

O' O . l 0 I  0.05 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 

STATIC CAR 3 DRAG 

::::E 
0.05 

0.00 I I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

I -0.002 I 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 

dlw d k  

3 

0.0 0.5 1.0 1.:5 2.0 2.5 3.0 

STATIC CAR 3 YAW 

-0.ooo8 I- -1 



moving car position: 
1- 4-.- 

separation: l(0.21 , 2(0 41). 3(1) = 2 
acceleration profile: l(static), 2(2tJ, 3(1.5t,,), 4(t,,), 5(0.67t,,), 6(0.50tJ=5 
motion: Into platoon 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 

0.3 

0.2 

8 1  I 
O.l t 1 
0.01 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 

STATIC CAR 2 DRAG 

0.15 

0.10 

0.05 

0 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 

0.25 
STATIC CAR 3 DRAG 

- - - - - - - - -  
0.20 - -----.---*,-.-.--.- -- -= 
0.05 t -I 

MOBILE MEAS. SIDE FORCE 
2..... 

MOBILE YAW 3-  - 

0 0.000 
-1 -0.005 
-2 .rc -0.010 

3 

-3 I 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 

d/w dhv 

3 

3 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 

STATIC CAR 2 SIDE FORCE 
0.04 I 1 

dlw 

STATIC CAR 2 YAW 

- - - -  --;I 

-0.02 

-0.002 I 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 

dhv dhv 

0.040 
STATIC CAR 3 SIDE FORCE 

0.010 
0.000 

-0.020 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

A h  

3 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/W ww 

-0.00161 I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

AI. .  



moving car position: 
1- 4-.- 
2..... 

MOBILE YAW 3-  - 

0." 

-0.010 
-0.015 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlw 

separation: i(0.21 , 2(0 41), 3(1) = 2 
acceleration profile: l(static), 2(2b), 3(1.5&), 4(6), 5(0.67td), 6(0.50b)= 6 
potion: out of platoon 
b 3 ,  MOBILE DRAG 
0.30 I 

O . l 0 E  0.05 
0.00 L I 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlw 

STATIC CAR 1 DRAG 

(b) 
- 

8 

O.l t 1 
0.0 L I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlw 

STATIC CAR 2 DRAG 

~ 0.15 

0.10 

0.00 0.05 0.0 1 0.5 1.0 1.5 2.0 2.5 3.0 

d/w 

STATIC CAR 3 DRAG 
_ _ -  -=e . -. . -. - . - . ----- 

0.10 

0.05 

0.00 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlw 

MOBILE MEAS. SIDE FORCE 
31 1 

-1 
-2 - c 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

-3 -*-' 0.0 0.5 1.0 1.5 2.0 2.5 4 3.0 

dlw 

0.041 
STATIC CAR 1 SIDE FORCE 

-0.06 t 
-0.081 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlw 

STATIC CAR 2 SIDE FORCE 
0.04 r I 0.008 

0.004 

STATIC CAR 2 YAW 

-0.061 I -0.acnl 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 

dlw CviV 

0.06 I 
STATIC CAR 3 SIDE FORCE 

.. . 

-0.021 -I 
-0.041 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlw 

-0.0010 - 
-0.0012 

- 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlw 



moving car tosition: 
4 

separation: l(0.21 , 2(0 41), 3(1) = 2 
acc&ler?tion profile: I(static), 2(2t,,), 3(1.5t,,), 4(6), 5(0.67td), 6(0.50td)= 6 
motion: Into platoon 
EIZ,, MOBILE DRAG 
0.301 

O . l 0 L  0.05 
0.00 I 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlW 

4 I t 1 
0.0 I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dh4 

STATIC CAR 2 DRAG 

-----I->--- c = I a I a I P I - 
0.10 

0.05 
0.00 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/W 

0.05 o.lol 
0.00 1 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dh4 

MOBILE MEAS. SIDE FORCE 
31 

z . . . . .  
MOBILEYAW 3-  - 

0' 
-0.005 

-0.010 

-0.015 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dfw 

0.04 I 
STATIC CAR 1 SIDE FORCE 

0.M 
0.00 

0" -0.02 J 
-0.04 
-0.08 
-0.08 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 

-0.06 I 0.0 0.5 1.0 1.5 2.0 2.5 3.0 -0.002 I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/w dh4 

0.08 
0.04 

STATIC CAR 3 SIDE FORCE 

G 

-0.041 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dhv 

J -0.6004 L 7 



moving car position: separation: l(0.21 , 2(0 41), 3(1) = 3 
acceleration profije: l(static), 2(2t,,), 3(1.5&), 4(&), 5(0.67td), 6(0.50tA)= 1 
motton: out of platoon 
ti311 MOBILE DRAG 

0 . 3 b  I , , - , . .  

0.00 1 2 1  
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlw 

o 3131 
STATIC CAR 2 DRAG 

0" 0.15 

0.05 
0.00 I 1 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 

0.30 
0.25 
0.20 

0" 0.15 
0.10 
0.05 

STATIC CAR 3 DRAG 

0.00 1 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/W 

STATIC CAR 1 YAW 
0.002 ........ I I I ' L l l i i i i . . . . . . . . . . . . . . l l I  
0.00, t r ~ r n i - . , , , . , ; , ~ r r - - , . ,  a- 

9 o.oO0- - 
- 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 

STATIC CAR 2 SIDE FORCE 
I 

-0.02 I 
. -. -- .  

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 

3 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 I 

4 
4 
0 



moving car position: 
1- 4-.- 
2.....  

MOBILEYAW 3-  - 
0.00101 ... 

separation: l(O.21 , 2(0 41), 3(1) = 3 
acceleration profile: l(static), 2(2b), 3(1.5t,,), 4(t,,), 5(0.67td), 6(o.50td)= 1 
motton: Into platoon 

O.l t 1 
0.0 I 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 

STATIC CAR 1 DRAG 
0.40 

0.30 

0 . 1 O t  -I 
0.00 I 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 

STATIC CAR 2 DRAG 

0.25 -r*>LL. - -. - . LLL55~~..LLLLLL.LL._.------ 
0.20 -- - - 
0.10 

0.05 
0.00 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/W 

STATIC CAR 3 DRAG 

0.10 

0.05 
0.00 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/W 

0.10 
MOBILE MEAS. SIDE FORCE 

-0,lOF -I 
-0.151 I 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dh 

0.0301 
STATIC CAR 1 SIDE FORCE 

STATIC CAR 2 SIDE FORCE 

- - _ - -  
'-:=:E?=.-.- 

.. . 
-0.02 

..-- ..E,-  

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dh 

-0.00401 I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dEw 

STATIC CAR 1 YAW 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlw 



separation: 1 (0.21), 2(0.41), 3(1) = 3 
acceleration profile: 1 (static), 2(2td), 3(1.5fd), 4(t,,), 5(0.67td), 6(0 
motion: out of platoon 
h 2 l  MOBILE DRAG 
0.30 
0.25 

O.lOL- 0.05 

0.1 f -I 
0.0 lkl 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlw 

STATIC CAR 2 DRAG 
0.30 
0.25 
0.20 

0" 0.15 

0.05 
0.001 I 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 

STATIC CAR 3 DRAG 
"..,VI 

0.05 
0.00 I 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 

.50td)= 2 

MOBILE MEAS. SIDE FORCE 

O" 0.0 

-0.2 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 

0.0301 
STATIC CAR 1 SIDE FORCE 

0.0q- 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlw 

-0.08 I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d W  

moving car position: 
1- 4-.- 
2..... 

-0.0050 
-0.0040 1 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 

STATIC CAR 1 YAW 

c3 -0.0010 

-0.0030 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dhv 

STATIC CAR 2 YAW 

f3 -0.oolO 
- 0 ~ ~ 0  -- - I - - - - -- -, 
-0.m 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
CvW 

STATIC CAR 3 YAW 

; ---.-.. ........ .........--, --.-*---.-.:-., (1) ............................... ..... 

-0.00121 J 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dhv 



N
 

"3 
'5

 
'5

 

'3 
'3 

113 



moving car position: 

2.. . . .  
1- 4-.- 

separation: 1(0.21), 2(0.41), 3(1) = 3 
acceleration profile: l(static), 2(2t& 3(1.5tJ, 4(t,,), 5(0.67td), 6(0.50td)= 3 
motion: out of platoon 
E,,, 

n ,A, 
MOBILE DRAG 

V..," 
In\ I 

MOBILE MEAS. SIDE FORCE 

0.00 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlw 

STATIC CAR 1 DRAG 

0.10 

0.00 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlw 

STATIC CAR 2 DRAG 

, , , , j 
0.05 
0.00 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlw 

STATIC CAR 3 DRAG 
0.30 
0.25 
0.20 "::;:I , , , , , 4 
0.05 
0.00 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlw 

-0.8 I I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlw 

STATIC CAR 1 SIDE FORCE 

0" O , ~ - - - " -  - _ _ _ _ _ -  -------- --- - 
-0.010 - - 
-0.0201 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 

STATIC CAR 2 SIDE FORCE 

(9) 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dEw 

STATIC CAR 3 SIDE FORCE 
0.02 
0.00 - -  =--=L-~='=~LL~--L (h)J 

-0.08 -0.061 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlw 

-0.006 I I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dEw 

STATIC CAR 1 YAW 

-0.00151 1 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d h  



rn?ving car ppsition: 

0.00 1 . 1  
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/w 

0" 0.15 

0.05 
0.001 I 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 

MOBILE MEAS. SIDE FORCE MOBILE YAW 3-  - 
I . . . . .  

0.8 
0.6 
0.4 
0.2 

-0.2 
-0.4 
-0.6 
-0.8 

0" 0.0 3 -0.002 
-0.004 

- 0 . 0 0 8  
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dhv 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dhv 

STATIC CAR 1 SIDE FORCE 
0.030 
0.020 

0.010 

STATIC CAR 1 YAW 

J 
O.OO0 -0.0010 

-0.010 
-0.020 

- = = = = = = = = = = s  
-0.0020 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 -0.0630 
d/w 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 

STATIC CAR 3 SIDE FORCE 
AL-L----& (h)A 

J 

STATIC CAR 3 YAW 

-0.0010 

-0.0015 
- - - - - - -  - - -- -- -  -I 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 



moving car position: 
1- 4-.- 

separation: 1 (0.21), 2(0.41), 3(1) = 3 
acceleration profile: l(static), 2(21,), 3(1.5t,,), 4(fd), 5(0.67td), 6(0.50td)= 4 
motion: out of platoon 

1 
0.0 I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlw 

0.00 I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dhv 

STATIC CAR 2 DRAG 

__._._._._. ~ .____.. *.......-..--------- 

0.10 

0.05 
0.00 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 

STATIC CAR 3 DRAG 

- -- -- -- c - & e -- -- L (d 
- - . - * - - - - - - - - -  

0" 0.15 

0.05 
0.00 I 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlW 

2..... 
MOBILE MEAS. SIDE FORCE MOBILE YAW - - 

0.5 

0" 0.0 
-0.5 
-1.0 
-1.5 

-0.004 
-0.006 
-0.008 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dEw 

-0q- , , , , , 1 azo =7,132,,==1= ~ 

-0.04 
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 

dlw dEw 



moving car position: 
- 1- 4-.- 

separation: l(0.21 2(0.41), 3(1) = 3 
acceleration profik: l(static), 2(2td), 3(1.5&), 4(&), 5(0.67td), 6(0.50td)= 4 
Eotlon: Into platoon 

0.0 V I  
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlw 

STATIC CAR 1 DRAG 
0.401 1 

o.lol 0.00 0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlw 

0.05 
0.001 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 

STATIC CAR 3 DRAG 
0.30r I 

0" 0.15 

0.05 
0.001 I 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
diW 

z . . . . .  
MOBILEYAW 3-  - MOBILE MEAS. SIDE FORCE 

1.5 
1 .o 
0.5 

J 0.0 
-0.5 

-0.002 
-0.004 

-1.0 6.006 
-1.5 -0.008 
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 

dlw dEw 

STATIC CAR 1 SIDE FORCE =-===;- 

".""" A 

-0.010 - 
4.020 + 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 

STATIC CAR 2 SIDE FORCE 
0.08 r , 

-0.04 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlw 

STATIC CAR 3 SIDE FORCE STATIC CAR 3 YAW 
0.02&- _I_ - ' ------------- 
0.00 - ---=:-=.-=--'=-z:\ (h)- 

- 
- 
- 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 



separation: 1 (0.21), 2(0.41), 3(1) = 3 
acceleration profile: 1 (static), 2(2td), 3(1.56), 4(t.,), 5(o.67td), 6(o.50td)= 5 
zotlon: out of platoon 

moving c a r  position: 
1- 4-.- 
2..... 

=I351 MOBILE DRAG MOBILE MEAS. SIDE FORCE MOBILE YAW 3-  - 
___._....-..  .PL_x.*J-a- -..:e <-&---+---?-:: 

,_ . -  _ _ . -  - - - c-- __---- G O  
0.1 -1 -0.005 

O.Oo0 J 
-2 ---- -0.010 
-3 -0.015 0.0 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv d/w 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
Clk 

O.l t 1 
0.0 I I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dhv 

0.00 I J 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dhv 

-0.04 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/w 

0." c -4 

-0.oMo I I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

Clk 

STATIC CAR 3 DRAG 
0.30 0.02 
0.25 0.00 
0.20 

6 0.15 
-0.02 

G -0.04 

STAT1 C STATIC CAR 3 YAW 

0.10 -0.06 

0.00 -0.10 
0.05 -0.08 -0.0010 

-0.0015 
0 0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d W  dhv 0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 



separation: 1(0.21), 2(0.41), 3(1) = 3 
acceleration profile: 1 (static), 2(&), 3(1.5b), 4&), 5(0.67td), 6(0 
motion: Into platoon 

0.1 -I 
0 . 0 1 1  

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/W 

t -1 
0.01 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 

0.00 0.05 0.0 1 0.5 1.0 1.5 2.0 2.5 3.0 

dhv 

.50td)= 5 

3r 
MOBILE MEAS. SIDE FORCE 

1 

-1 'i 'g 
-2 
-3 I I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dhv 

0.040 
0.030 

STATIC CAR 1 SIDE FORCE 

d/w 

STATIC CAR 2 SIDE FORCE 
I 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 

moving car position: 

2..... 
1- 4-.- 

MOBILE YAW - - 
0.010 

0.005 

0.OW 

-0.005 

-0.010 
-0.015 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlw 

n mna 
STATIC CAR 1 YAW 

I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlw 



separation: 1 (0.21), 2(0.41), 3(1) = 3 
acceleration profile: 1 (static), 2(2td), 3(1.5t,,), 4&), 5(0.67td), 6(0.50td)= 6 
Zotion: out of platoon 

moving car position: 
1- 4-.- 

% MOBILE DRAG 
0.3 4 

0.0 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlw 

0.00 I I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/w 

STATIC CAR 3 DRAG 

0.05 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
CUW 

MOBILE MEAS. SIDE FORCE 
4 

2 

3 0  

-2 

-4 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlw 

MOBILE YAW 3- - 
0.015 
0.010 
0.005 

0' 0.m 
-0.005 

-0.010 
-0.015 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlw 

:::;I , , , , , q -0.0010- 
a 

-0.10 
------ - - - - _  

-0.001 5 r 
- - - _  - 

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 
dlw dlw 



moving car position: 
1- 4 - - -  

separation: I(O.Zl), 2(0.41), 3(1) = 3 
acceleration profile: 1 (static), 2(2~), 3(1.56), 4(&), 5(o.67td), 6(0,5ot,,)= 6 
rnotlon: Into platoon 

0.40 
STATIC CAR 1 DRAG 

0.00 I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/w 

STATIC CAR 2 DRAG 

ri 
0.05 t -I 

0" 0.15 

0.05 
0.00 I 1 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 

2..... 
MOBILE MEAS. SIDE FORCE MOBILE YAW 3- - 

4 

2 

0.015 
0.010 
0.005 

$ 0  J o.Oo0 
-2 

-4 

-0.005 
-0.010 
-0.015 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d h  

0.06( 
STATIC CAR 2 SIDE FORCE 

1 

-0.04 I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/w 

J 

J 

STATIC CAR 3 SIDE FORCE STATIC CAR 3 YAW 



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 all 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. 
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separation: 1 0 21), 2(0.41), 3(1)= 2 
moving box position: 1 

motion: out o l  ;latoon 

" 0,4L 0.2 
0.01 J 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dIW 

1.21 
STATIC BOX 1 DRAG 

1 

0.0 O2 0.0 1 0.5 1.0 1.5 2.0 2.5 3.0 

d!w 

STATIC BOX 3 DRAG 

0.30 

0.20 

0.10 

0.00 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlw 

-0.31 I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

o.oooo1 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlw dh 

STATIC BOX 2 SIDE FORCE STATIC BOX 2 YAW 
0.608 
0.008 (k, 

-0.06 

-0.10 
-0.12 

3 0.004 
- -0.08 

- - 
0.002 - 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 0.OOo I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlw dhv 

STATIC BOX 3 SIDE FORCE STATIC BOX 3 YAW 
0.060 

-0.05 

J 0.030 
-0.15 

-0.20 

0.020 
0.010 
0 .m 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlw 0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dhv 



moving box position: 1 
separation: 1(0.21), 2(0.41), 3(l)= 2 acceleration profile: l(static), 2(2t,), 3(1.5t,,), 4&), 5(0.67t,,), 6(o.50td) 
rnotlon: Into platoon 1- 4-.- 

z..... 5 - - -  
MOBILE YAW 3- - 6- - B,%l MOBILE DRAG MOBILE MEAS. SIDE FORCE 

0.6 

0.4 

0.2 
0.0 

0 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
-3 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

-0.010 

d/W dlw 0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dfw 

STATIC BOX 1 DRAG STATIC BOX 1 SIDE FORCE 

0.8 
0" 0.6 

0.4 

0.2 -0.2 
0.0 -0.3 

-0.1 0.0020 

0.0010 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlw d/w 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
lvu 

STATIC BOX 2 YAW STATIC BOX 2 DRAG STATIC BOX 2 SIDE FORCE 

0" J 0.004 

0 . m  

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 
dlw dlw 0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dfw 
STATIC BOX 3 DRAG STATIC BOX 3 SIDE FORCE 

0.080 
STATIC BOX 3 YAW 

-.<e-.* . .-.I - --- 0.30 
-3 

u" 
0.040 

0.20 J 0.030 
0.10 -0.15 

0.00 -0.20 

0.020 
0.010 
0.OOo 

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 
d/W dlw 0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlw 



moving box position: 2 
separation: 1 0.21), 2(0.41), 3(l)= 2 
motion: out ol olatoon 

acceleration profile: 1 (static), 2(24), 3(1.5&), 4(&), 5(0.67t& 6(0.50b) 
1- 4 - - -  

0.01 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/W 

MOBILE DRAG 

____- . . -  

0" 
0.6 

0.4 

0.2 
0.01 1 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/W 

STATIC BOX 2 DRAG 
0.81 I 

0.01 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/W 

STATIC BOX 3 DRAG 
0.50 1 I 

::::I , , , , , 1 
0.00 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 

STATIC BOX 1 SIDE FORCE 

0" -0.10 
-0.15 
-0.20 
-0.25 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
diw 

MOBILE YAW 

-3 L 
- . -  

I I -0.OlOl 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dhv 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dfw 

4.151 0.0601 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 

diw dfw 

-0.15 111 0 . ~ ~ 0  1-1 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dhv 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

diw 



moving box position: 2 
separation: l(0.29, 2(0.41), 3(1)= 2 acceleration profile: l(static), 2(2t,,). 3(1.5&), 4(t,,), 5(0.67&), 6(0.5&) 
motion: into platoon 1- 4-.- 2..... 5 - - -  
*,,I STATIC BOX 1 DRAG STATIC BOX 1 SIDE FORCE 

-0.05 

0" -0.10 
-0.15 

-0.20 
-0.25 

0.0005 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlw d/w d/w 

1 .o 
0.8 

0.6 

0.4 

0.2 -0.005 
0.0 -3 -0.010 

MOBILE DRAG MOBILE MEAS. SIDE FORCE MOBILE YAW 

0" 
- - _  \ 

3 0.006 - ->* 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d W  dEw dlw 
STATIC BOX 2 DRAG STATIC BOX 2 SIDE FORCE STATIC BOX 2 YAW 

0.00 

-0.05 3 0.004 

-0.15 / 

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 
0.000 

dlw d/w 0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlw 

STATIC BOX 3 DRAG STATIC BOX 3 SIDE FORCE STATIC BOX 3 YAW 

. --L-A-2+ 
0" 

0.20 

0.10 

0.00 
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 

d/w dlw 0.0 0.5 1.0 1.5 2.0 2.5 3.0 dlw 



separation: 1 0 21). 2(0.41), 3(1)= 2 
moving box position: 3 

motion: out o l  ;latoon 

acceleration profile: l(statlc), 2(2t,), 3(1.5t,,), 4(t,,), 5(0.67t,,), 6(0.5q,) 
1- 4-.- 
2..... 5-.. 

B32!4 STATIC BOX 1 DRAG 

0.4 

0.2 
0.0 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/W 

::::I , , , , , q 
0.00 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 

0.0 I I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/w 

0.8 
STATIC BOX 3 DRAG 

. --- ._._ _ _ _ _ -  -- 
-I 

0.0 o , 2 ~  0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlW 

STATIC BOX 1 SIDE FORCE 
~~ 

0.02 0.0025 
STATIC BOX 1 YAW 3- - 6- - 

0.00 

-0.08 I 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 

dFw dlw 

STATIC BOX 2 SIDE FORCE STATIC BOX 2 YAW 

++. 
-0.05 

0" 
-0.10 0.0020 

-0.15 
-0.20 

0.0010 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dfw 

d 



moving box position: 3 
separation: 1 0.21), 2(0.41), 3(1)= 2 
motion: into Jatoon 
Bm, STATIC BOX 1 DRAG 

- ..... ~ -- 
0" 0.6 

0.4 1 
0.2 
0.0 I I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/w 

STATIC BOX 2 DRAG 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d l W  

MOBILE DRAG 

.....->--- , 

~ 0.6 . p- 
0 

0.2 
0.0 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/w 

STATIC BOX 3 DRAG 

0.2 t 4 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/w 

acceleration profile: l(static), 2(2tJ, 3(1.5b), 4(Q, 5(0.67b), 6(0.50b) 
1- 4-.- 
2. .--. 5 - . .  

STATIC BOX 1 SIDE FORCE STATIC BOX 1 YAW '- - 6- - 
0.02 0.0025 

0.00 

-0.08 I I o.oo00 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 

d/w dlw 

STATIC BOX 2 SIDE FORCE STATIC BOX 2 YAW 

0" 
-0.10 0.0020 

-0.15 0.0010 
-0.20 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlW 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dEw 

I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

cvw 

MOBILE YAW 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlw 



moving box position: 4 
separation: 1 0.21), 2(0.41), 3(1)= 2 
motion: out ol platoon 
B4,I STATIC BOX 1 DRAG 

0.4 

0.0 
0.2 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlW 

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

STATIC BOX 1 SIDE FORCE 
2 _ _ _ _ _  5 - . .  

STATIC BOX 1 YAW - - - - 
0.04 0.0030 
0.02 (e)A 0.00251 

I -0.0005 I 0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlW 

-0.04 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 

d/w dlw 

1.21 
MOBILE DRAG 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/W 

STATIC BOX 3 DRAG 

0.2 

0.0 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/W 

MOBILE MEAS. SIDE FORCE 
I 

-3 I I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/W 

STATIC BOX 3 SIDE FORCE 

d/w 
1.5 2.0 2.5 3.0 

E YAW - 

-0.008 
-0.010 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlw 

0.0025 

0.0020 

STATIC BOX 3 YAW 

o.oo00 I 
A- .- 6 

- - - - - - S J  

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 



moving box position: 4 
separation: 1 0 21), 2(0.41), 3(1)= 2 
motion: into &toon 

acceleration profile: l(static), 2(&), 3(1.5&), 4(t,,), 5(0.67t,,), 6(0.5%) 
1- 4-.- 
2..... El--- 

STATIC BOX 1 SIDE FORCE STATICBOX 1 YAW 3-  - 6- - B,,,, STATIC BOX 1 DRAG 

0.8 -.- 
0.00 

-0.02 

-0.04 

-0.06 

2 0.0015 

-.- . . . ._____- ~ _..._.-. -.--.-., 
-------a 

0.4 
0.2 
0.0 

.- ..__ _ _ .  .- 
0.0005 

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 
d/w d/w 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dtw 

STATIC BOX 2 DRAG STATIC BOX 2 SIDE FORCE STATIC BOX 2 YAW 

0.40 
0" 0.30 ,-- q-- --.- A-L 7-r- - -. --9. _ - - - - - _ _  -----..- -_..____.. 

0.20 
0.10 
0.00 

--P--- .-.-_____-- .--? z -- - - 
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 

-0.0005 

d/w d/w 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dtw 

0.0 O2 -I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/W 

MOBILE MEAS. SIDE FORCE 

-3 I I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/w 

MOBILE YAW 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dtw 

STATIC BOX 3 DRAG STATIC BOX 3 SIDE FORCE STATIC BOX 3 YAW 

3 -0.05 
-0.10 

-0.15 
-0.20 

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 0.5 1.0 1.5 2.0 2.5 3.0 
d/w d/w dtw 



Chapter 6 

Location 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 20. 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 all 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. 
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separation: 1(0.21), 2(0.41), 3(1) = 2 
acceleration profile: l(static), 2(2t,,), 3(1.56), 4(6), 5(0.67td), 6(0.50+ I 
motion: out of platoon 

rnovlng box position: 
1- 4-.- 
2..... 

b l l  
1.2 
1 .o 
0.8 

8 0.6 

0.4 
0.2 

MOBILE DRAG 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlw 

STATIC BOX 1 DRAG 
1.2 
1 .o 
0.8 

0" 0.6 

0.4 

0.2 
0.0 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlw 

0.8 I 
STATIC BOX 2 DRAG 

I 

0.01 I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/w 

STATIC BOX 3 DRAG 

0.01 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/W 

-0.101 J -0.006 I J 
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 

d/w dhv 

0.05 
0.00 

-0.05 
-0.10 

-0.15 
-0.20 
-0.25 

STATIC BOX 1 SIDE FORCE 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 

-0.15 
-0.20 

\ 
----=<3 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dsw 

STATIC BOX 3 SIDE FORCE 
1 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlw 

I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dhv 

0 . m  I I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dhv 

0.050 
0.040 

STATIC BOX 3 YAW 



separation: I (0.21), 2(0.41), 3(1) = 2 
acceleration profile: 1 (static), 2(2tJ, 3(1.54), 4(t& 5(0.67td), 6(0.50tJ= I 
motion: into platoon 

moving box position: 
1- 4-.- 
2..... 

%11 MOBILE DRAG MOBILE MEAS. SIDE FORCE MOBILE YAW 3- - 

0" 
0.10 

0.2 0.00 
0.0 -0.10 
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 

d/W dhv 0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlw 

4 
0.01 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/w 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlw 

STATIC BOX 3 DRAG 

0.6 

o , 2 t l - - - - A  0.0 0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/w 

STATIC BOX 3 SIDE FORCE 

0.00 
0" -0.05 

-0.10 
-0.15 
-0.20 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 

STATIC BOX 3 YAW 

J 0.020 

0.010 

-0.010 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dhv 



moving box position: 
1- 4-.- 

separation: l(0.21 , 2(0 41), 30) = 2 
acceleration profile: l(static), 2(2td), 3(1.56), 4(6), 5(0.67td), 6(0.50td)= 2 
motlon: out of Dlatoon 
BIZ21 MOBILE DRAG 

0" 

0.2 p -4 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/w 

STATIC BOX 1 DRAG 

0.4r 0.2 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 

O . l O ~  0.00 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d W  

0.8 I 
STATIC BOX 3 DRAG 

I 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlW 

~~ ~ 

0.10 
STATIC BOX 1 SIDE FORCE 

(9- - 
- - - 

-0.20 
-0.25. 

- - 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/w 

MOBILEYAW 3- - 
L . . . . .  

1 
-0.oosl I 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
CvW 

STATIC BOX I YAW 
0.0050 

0.0040 - 
0.0030 

3 m- 
- 

o.Oo0 I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

CvW 

STATIC BOX 3 SIDE FORCE (hr- 3 t f f ]  STATIC BOX 3 YAW 
0.10 

- 0.040 - 
- 0.020 

0.010 
O.Oo0 

- 
-0.20 

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 
dhv d/w 



separation: 1 (0.21), 2(0.41), 3(1) = 2 
acceleration profile: l(static), 2(2tJ, 3(1.5b), 4(b), 5(0.67td), 6(0.50td)= 2 
motion: into platoon 

moving box position: 
1- 4 - - -  
2.. . . .  

MOBILE YAW 3- - 

0' -0.002 

-0.004 

-0.008 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dtw 

tJ1221 

0.4 

MOBILE DRAG MOBILE MEAS. SIDE FORCE 
0.6 

0.2 

0.0 

-0.2 

e 0" 
0.2fc. -I 
0.01 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 

STATIC BOX 1 DRAG 

0.0 I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlw 

O . l O 1  0.00 0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlw 

STATIC BOX 3 DRAG 
0.8 I , 

0 01 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dhv 

-0.41 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dhv 

0.101 
STATIC BOX 1 SIDE FORCE 

-0.25 I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlw 

STATIC BOX 2 SIDE FORCE 
0.101 

0.1Or 
STATIC BOX 3 SIDE FORCE 

I 

2.0 2.5 3.0 
d/w 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dAv 

STATIC BOX 2 YAW 

0.060 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dtw 

STATIC BOX 3 YAW 

0.020 
0.010 
0.060 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dtw 



separation: l(0.21 , 2(0.41), 3(1) = 2 
acceleration profile: l(static), 2(2t,), 3(1.5Q, 4(t.,), 5(0.67td), 6(0.50&)= 3 
motion: out of platoon 

moving box position: 
1- 4-.- 
L . . . . .  

BI23 MOBILE DRAG 
1.01 

0.2 k7 -I 

MOBILE MEAS. SIDE FORCE 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 

STATIC BOX 1 DRAG 

~~~~ 

0.0 O2 ? 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dhv 

0.lOC -I 

-1.01 I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/w 

STATIC BOX 1 SIDE FORCE 

0.00 
-0.05 
-0.10 -_ 
-0.15 
-0.20 

--.. ---.--- ->-- - -  r*...r,t<. 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 

0.101 
STATIC BOX 2 SIDE FORCE 

0.00 I I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/W 

0.8 I 
STATIC BOX 3 DRAG 

I 

0.6 

0" 0.4 
0.2 

0.01 I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dhv 

-0.20 I 1 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dhv 

STATIC BOX 3 SIDE FORCE 
0.05 
0.00 

-0.05 

-0.10 

-0.15 
-0.20 

0" 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 

MOBILEYAW 3-  - 

STATIC BOX 1 YAW 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlw 

STATIC BOX 2 YAW 

0.002 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlw 

STATIC BOX 3 YAW 

0.020 
0.010 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 



separation: 1 (0.21), 2(0.41), 3(1) = 2 
acceleration profile: l(static), 2(2td), 3(1.6&), 4(&), 5(0.67td), 6(0 
rotion: into platoon 
D1231 MOBILE DRAG 

1.01 
I 

0.01 I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlw 

.!jotd)= 3 

1.01 
MOBILE MEAS. SIDE FORCE 

I 

-1.01 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dhv 

moving box position: 

2..... 
1- 4 - . -  

MOBILE YAW 3- - 

J -0.002 
-0.004 

-0.008 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dhv 

STATIC BOX 1 DRAG STATIC BOX 1 SIDE FORCE 
1.2 
1 .o 
0.8 0.00 

STATIC BOX 1 YAW 

0” 0.6 3 -0.05 

0.4 -0.10 

0.0030 

0.2 -0.15 
0.0 -0.20 

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 
dlw dlw 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 

-0.15 

-0.20 I 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlw 

0.060 
0.050 

STATIC BOX 3 YAW 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 



moving box position: 
1- 4- . -  

separation: l(0.21 , 2(0 41), 3(1) = 2 
acceleration profile: l(static), 2(2t,), 3(1.5b), 4(fd). 5(0.67td), 6(0.50td)= 4 
motion: out of platoon 
Biz,, MOBILE DRAG 

1.01 I 

0.01 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/W 

STATIC BOX 1 DRAG 

0.4 

0.2 
0.01 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dhv 

STATIC BOX 2 DRAG 
0.601 I 

, . l o t  , , , , , 4 
0.00 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 

STATIC BOX 3 DRAG 
V." I 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 

I -0.008 I 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 

dhv diw 

-0.31 I o.ooO0 I 1 
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 

dEw diw 

STATIC BOX 2 SIDE FORCE 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 

~~ 

STATIC BOX 3 SIDE FORCE STATIC BOX 3 YAW 

- 3 -  

-0.05 ;-: * 3 0.030 
-0.10 0.020 
-0.15 
-0.20 

0.010 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
diw 



separation: 1(0.2l,),,2(0.41)~ 3(1) = 2 
acceleration profi e. 1 (static), 2(2td), 3(1 .E.&), 4(&), 5(o.67td), 6(o.50td)= 4 
motlon: into platoon 

moving box position: 
1- 4-.- 
2..... 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dFw 

0.601 
STATIC BOX 2 DRAG 

I .  

o.20L 0.10 
0.00 I 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/W 

STATIC BOX 3 DRAG 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 

MOBILE MEAS. SIDE FORCE 
1.5 
1 .o 
0.5 

s 0.0 
-0.5 
-1.0 
-1.5 

MOBILE YAW 3- - 
0.004 
0.002 
O.Oo0 

3 -0.002 
-0.004 
-0.006 
-0.008 

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 
dtw dhv 

-0.3L I o.oo00 L 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 

dtw dhv 

0.201 I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dtw 

STATIC BOX 3 SIDE FORCE 

STATIC BOX 2 YAW 

o.OoO ->-----u----CI 1 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

& 

STATIC BOX 3 YAW 5 E E ]  0.020 

0.010 
o.Oo0 - 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dtw 



moving box position: 
1- 4-.- 

separation: l(0.21 2(0.41), 3(1) = 2 
acceleration profik: l(static), 2(2td), 3(1.5t,,), 4(&), 5(0.671,), 6(0.50td)= 5 
motion: out of Dlatoon 

0.2 -I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/w 

STATIC BOX 1 DRAG 
1.2 
1 .o 
0.8 

0" 0.6 
0.4 

0.0 O2 1 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlw 

0.60 I 
STATIC BOX 2 DRAG 

. .  

0.00 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/W 

STATIC BOX 3 DRAG 

e- -- ---- 
__---  

0.0 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/w 

21 
MOBILE MEAS. SIDE FORCE 

t 

G O  
-1 ,A 

-2 '2 0.0 , / f l  0.5 1.0 1.5 2.0 2.5 3.0 

MOBILE YAW 3- - 
z . . . . .  

0.004 
0.002 
0.WO 

3 -0.002 
-0.004 
-0.008 
-0.008 
-0.0101 I 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlw dlw 

STATIC BOX 1 SIDE FORCE :::;I o.0040E 
0.0050 

STATIC BOX 1 YAW 

.--.. / (0- 
0.w30 - 

G 
-0.1 --- -- -- 
-0.2 

--- --- 
------2.  

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlw 

0 
0.0020 

O.oo00 

- 0.0010 

- - 
*m----=- -----------.***.. - 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhn 

STATIC BOX 2 SIDE FORCE STATIC BOX 2 YAW 

-0.201 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 

dlw dhn 

0.080 
0.050 

STATIC BOX 3 YAW 

3 0.030 

O . T  0.020 0.010 
-0.20 I I I O.WOL-eca--* 

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 
-. - . 

dlw dAv 



moving box position: 
1- 4-.- 
2..... 

separation: i(0.21 2(0.41), 3(1) = 2 
acceleration profik: i(static), 2(2td), 3(1.56), 4(6), 5(0.67td), 6(0.50td)= 5 
rnotlon: into olatoon 
BIZ,, MOBILE DRAG 

0.6 
u 

0.2 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 

1.21 
STATIC BOX 1 DRAG 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlw 

0.8 I 
STATIC BOX 3 DRAG 

1 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d h  

MOBILE MEAS. SIDE FORCE 
2 

1 

3 0  

-1 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 

STATIC BOX 1 SIDE FORCE 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 

-0.201 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dEw 

STATIC BOX 3 SIDE FORCE 

-0.201 I I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/W 

0.004 
0.002 
O.Oo0 

-0.004 
x -0.002 

-0.m 
-0.008 
-0.010 

MOBILE YAW 3- - 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 

STATIC BOX 1 YAW 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 

STATIC BOX 2 YAW 

0' 0.004 
0.002 ---I.---.E-----------? 0.000 - - - - - 2---,----> 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w .'__I_] 0.040 STATIC BOX 3 YAW 

0.020 

0.010 
O.Oo0 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 



separation: 1 (0.21), 2(0.41), 3(1) = 2 
acceleration profile: l(static), 2(2&), 3(1.5&), 4(&), 5(0.67td), 6(0.50td)= 6 
motlon: out of olatoon 

moving box position: 
1- 4-.- 
2.....  

0.2 -I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/W 

STATIC BOX 1 DRAG 

__-_-__---- ----------. 

0.4 

O2 0.0 2 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/w 

0.601 
STATIC BOX 2 DRAG 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 

MOBILE MEAS. SIDE FORCE 
31 

MOBILE YAW 3- - 
. .  0.0101 ,.. 

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 
dhv dhn 

STATIC BOX 1 SIDE FORCE STATIC BOX 1 YAW 
0.2 

(9- 
0.0050 
0 . w o  

0.0030 - s 
-0.1 

-0.2 

- .. --.. - do.cu?o - - . . . . : . t l . . -  - - 0.001 0 
-0.31 I o.oo00 I I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dhv 

STATIC BOX 2 SIDE FORCE 
. .  

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhn 

STATIC BOX 2 YAW 

4.201 I -0.002 1 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dhn 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dhn 

STATIC BOX 3 SIDE FORCE STATIC BOX 3 YAW 

0.040 
ri: 0.030 

-0.10 0.020 
-0.15 0.010 
-0.201 I 0.000;. 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 
.I-c--ccI-c 

d/w d/w dhv 



moving box position: 
1- 4-.- 

separation: 1 (0.21), 2(0.41), 3(1) = 2 
acceleration profile: l(static), 2(&), 3(1.5&), 4(&), 5(0.67&), 6(0.50td)= 4 
motion: Into platoon 

STATIC BOX 1 DRAG 

::;r , , , , , 4 
0.0 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dw 

STATIC BOX 2 DRAG 
0.60 
0.50 
0.40 

$ 0.30 
0.20 
0.10 
0.00 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
cllw 

0.01 I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/W 

MOBILE MEAS. SIDE FORCE 

0.5 
0" 0.0 

-0.5 
-1 .o 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlW 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dw 

STATIC BOX 3 SIDE FORCE 

6 -0.05 

-z 

-0.15 
-0.20 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dw 

MOBILEYAW 3- - 
L . . . . .  

1 1 1 4  
U . W  

0.002 
O.Oo0 

2 -0.002 
-0.004 
-0.008 
-0.008 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dw 

STATIC BOX I YAW 

o.GQ10 
----.-._ . . x.. -F--=.a 

. . . . . 8 . . \ . . . . t ~ r f~ - - i~~  

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 

STATIC BOX 2 YAW 
0.008 

Ck>- 
0.008 7- ._.____ _._. . ------------- J 0.004 - - 

k 

0.002 

o,m 

- - 
.cl.~g.r-Y-----cI 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 

STATIC BOX 3 YAW 

J 0.030 
0.020 
0.010 
0 . m  - 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 



moving box position: 
1- 4-.- 
c) 

separation: 1 (0.21,.2(0.41)! 3(1) = 2 
acceleration profi e l(statc), 2(26), 3(1.5fd), 4(Q. 5(0.67td), 6(0.50td)= 5 
motion: out of platoon 
Bl2Sl MOBILE DRAG 

0" 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlw 

STATIC BOX I DRAG 

0.0 O2 1 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/w 

0.60 I 
STATIC BOX 2 DRAG 

1 

O . l O - 1  0.00 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dhv 

STATIC BOX 3 DRAG 
n o ,  

0.01 I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlw 

MOBILE MEAS. SIDE FORCE MOBILE YAW 3- - 
I . . . . .  

0.004 
0.002 
O.Oo0 

x -0.002 
-0.004 
-0.008 
-0.008 
-0.OlOl I 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 

STATIC BOX 1 SIDE FORCE STATIC BOX I YAW 
0.0050 

0.0040 - / (iL 
0.0636 - 

* 0.60 - - 
-- -_ p---- 

0.0010 
O.oo00 

- ---_ ---------.rrr~.a - 
-0.2 -----r. 

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 
dlw dhv 

STATIC BOX 2 SIDE FORCE 
0.008 

STATIC BOX 2 YAW 

0.008 (k)- 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlw 

-0.20 I 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 

I- - , 
dlw dlw 



moving box position: 
1- 4-.- 
2..... 

MOBILE YAW 3- - 
0.004 
0.002 
O.Oo0 

3 -0.002 
-0.004 
-0.008 
-0.008 
-0.010 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dtw 

separation: 1(0.2l,),,2(0.41)! 3(1) = 2 
acceleration profi e. l(statlc), 2(2t,), 3(1.5&), 4(td), 5(0.67td), 6(0.50td)= 5 
motion: into platoon 
B,,I MOBILE DRAG 

0" 
0.6 

0.2 

0.0 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlW 

1.21 
STATIC BOX 1 DRAG 

. .  

1 .o 
0.8 

0" 0.6 

0.4r 0.2 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/W 

STATIC BOX 3 DRAG 

0.6 - 
0' 

0 7 -  -- - 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlw 

21 
MOBILE MEAS. SIDE FORCE 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 

STATIC BOX 1 SIDE FORCE 

u" 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dhv 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dtw 

0.101 
STATIC BOX 3 SIDE FORCE 

-0.201 I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlw 

STATIC BOX 1 YAW 

0.0046 - U L  
- 

STATIC BOX 2 YAW 

3 0.004 
0.002 

3E!i;] STATIC BOX 3 YAW 

0.020 
0.010 
O.Oo0 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dtw 



separation: 1 (0.21), 2(0.41), 3(1) = 2 
acceleration profile: 1 (static), 2(2td), 3(1.5fd), 4(t.,), 5(0.67t,,), 6(0.50&)= 6 motion: out of platoon 

moving box position: 
1- 4 - - -  
2..... 

'1261 MOBILE DRAG 
101 , 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/W 

0.2 -I 
0.01 I 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlw 

0.60 I 
STATIC BOX 2 DRAG 

. .  
0.50 - 

0 . l O C  -I 
~ 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/W 

0.2 1 -I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

& 

MOBILE MEAS. SIDE FORCE MOBILEYAW 3- - 
3 0.010 
2 
1 

0.005 

3 0  0' o.Oo0 
-1 

-0.005 
-2 
-3 -0.010 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dhv 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/w 

STATIC BOX 1 SIDE FORCE STATIC BOX 1 YAW 
0.2 
0.1 (9- 

0.0050 - 0.0040 - / 0)- 
- 0.0030 5 - 

.I  

" - O . l L  

-. 
-0.2 
-0.3 I 1 o.oooo1 I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dhv 

0.101 
STATIC BOX 2 SIDE FORCE 

I 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/w 

STATIC BOX 2 YAW 

-0.201 J I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dhv 

-0.002 L 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/w 

STATIC BOX 3 SIDE FORCE STATIC BOX 3 YAW 

3 -0.05 J 0.030 
-0.10 0.020 
-0.15 
-0.20 

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 
dhv dhv 



moving box position: 
1- 4-.- 

MOBILEYAW '- - 2.....  

0.010 

0.005 "--- (0 

motion: into platoon 

0 . 2 k  - -I 
0.01 I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/w 

:::r , , , , , 4 
0.0 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/W 

STATIC BOX 2 DRAG 
0.60r I^\ 

0.20 
0.10 
0.00 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
d/W 

STATIC BOX 3 DRAG 
0.8 

0.01 I 
0.0 0 5  1.0 1.5 2.0 2.5 3.0 

d/w 

3 
2 

MOBILE MEAS. SIDE FORCE 

."k/Bc -1 -2 1 
-3 L I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

d/w 

-0.3 I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlw 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlw 

STATIC BOX 1 YAW 
0.0050 

o.oO40 
- 
- (i)- 

0.0030 + - 

STATIC BOX 2 YAW 

- - - - - -,--,-.--=-a 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 

dlw 

STATIC BOX 3 YAW .;;_r"i 0.050 

0.020 
0.010 
0.0W -_ - - 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 
dlw 




