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to Exclude Claim of Lost Income,
Including the August 28 Expert
Report of Larry Stokes

54 | Defendants’ Reply in Support of 01/22/18 | 12 2788-2793
Motion in Limine No. 13 to Exclude
Plaintiffs’ Expert Witness Robert
Cunitz, Ph.D., or in the Alternative to
Limit His Testimony

6 | Demand for Jury Trial 06/28/17 1 98-100
147 | Exhibits G—L and O to: Appendix of 05/08/18 | 51 | 12705-12739
Exhibits to: Motor Coach Industries, 52 | 12740-12754
Inc.’s Motion for a Limited New Trial
(FILED UNDER SEAL)

142 | Findings of Fact and Conclusions of 03/14/18 | 51 | 12490-12494
Law and Order on Motion for
Determination of Good Faith
Settlement (FILED UNDER SEAL)

75 | Findings of Fact, Conclusions of Law, 02/22/18 | 22 5315-5320
and Order

108 | Jury Instructions 03/23/18 | 41 | 10242-10250
42 | 10251-10297

110 | Jury Instructions Reviewed with the 03/30/18 | 42 | 10303-10364
Court on March 21, 2018

64 | Jury Trial Transcript 02/12/18 | 15 35373750
16 3751-3817
85 | dJury Trial Transcript 03/06/18 | 28 6883—7000
29 7001-7044
87 | Jury Trial Transcript 03/08/18 | 30 7266—7423
92 | Jury Trial Transcript 03/13/18 | 33 8026—-8170
93 | Jury Trial Transcript 03/14/18 | 33 8171-8250
34 8251-8427
94 | Jury Trial Transcript 03/15/18 | 34 8428-8500
35 8501-8636
95 | Jury Trial Transcript 03/16/18 | 35 86378750
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36 8751-8822

98 | Jury Trial Transcript 03/19/18 | 36 8842-9000

37 9001-9075

35 | Motion for Determination of Good 12/07/17 9 2101-2105
Faith Settlement Transcript

22 | Motion for Summary Judgment on 10/27/17 3 589-597
Foreseeability of Bus Interaction with
Pedestrians or Bicyclists (Including
Sudden Bicycle Movement)

26 | Motion for Summary Judgment on 12/01/17 3 642664
Punitive Damages

117 | Motion to Retax Costs 04/30/18 | 47 | 11743-11750

48 | 11751-11760

58 | Motions in Limine Transcript 01/29/18 | 12 2998-3000

13 3001-3212

61 | Motor Coach Industries, Inc.’s Answer | 02/06/18 14 3474-3491
to Second Amended Complaint

90 | Motor Coach Industries, Inc.’s Briefin | 03/12/18 | 32 7994-8000
Support of Oral Motion for Judgment 33 8001-8017
as a Matter of Law (NRCP 50(a))

146 | Motor Coach Industries, Inc.’s Motion | 05/07/18 | 51 | 12673-12704
for a Limited New Trial (FILED
UNDER SEAL)

30 | Motor Coach Industries, Inc.’s Motion | 12/04/17 6 1491-1500
for Summary Judgment on All Claims 7 1501-1571
Alleging a Product Defect

145 | Motor Coach Industries, Inc.’s Motion | 05/07/18 | 51 | 12647-12672
to Alter or Amend Judgment to Offset
Settlement Proceed Paid by Other
Defendants (FILED UNDER SEAL)

96 | Motor Coach Industries, Inc.’s 03/18/18 | 36 88238838
Opposition to Plaintiff’s Trial Brief
Regarding Admissibility of Taxation
Issues and Gross Versus Net Loss
Income

52 | Motor Coach Industries, Inc.’s Pre- 01/19/18 | 12 27532777

Trial Disclosure Pursuant to NRCP
16.1(a)(3)

17




120

Motor Coach Industries, Inc.’s
Renewed Motion for Judgment as a
Matter of Law Regarding Failure to
Warn Claim

05/07/18

48
49

11963-12000
12001-12012

47

Motor Coach Industries, Inc.’s Reply
in Support of Its Motion for Summary
Judgment on All Claims Alleging a
Product Defect

01/17/18

11

27052719

149

Motor Coach Industries, Inc.’s Reply
in Support of Motion to Alter or
Amend Judgment to Offset Settlement
Proceeds Paid by Other Defendants
(FILED UNDER SEAL)

07/02/18

52

12865-12916

129

Motor Coach Industries, Inc.’s Reply
in Support of Renewed Motion for
Judgment as a Matter of Law
Regarding Failure to Warn Claim

06/29/18

50

12282-12309

70

Motor Coach Industries, Inc.’s
Response to “Bench Brief on
Contributory Negligence”

02/16/18

19

4728-4747

131

Motor Coach Industries, Inc.’s
Response to “Plaintiffs’ Supplemental
Opposition to MCI’s Motion to Alter or
Amend Judgment to Offset Settlement
Proceeds Paid to Other Defendants”

09/24/18

50

12322-12332

124

Notice of Appeal

05/18/18

49

12086—-12097

139

Notice of Appeal

04/24/19

50

12412-12461

138

Notice of Entry of “Findings of Fact
and Conclusions of Law on
Defendant’s Motion to Retax”

04/24/19

50

12396-12411

136

Notice of Entry of Combined Order (1)
Denying Motion for Judgment as a
Matter of Law and (2) Denying Motion
for Limited New Trial

02/01/19

50

12373—-12384

141

Notice of Entry of Court’s Order
Denying Defendant’s Motion to Alter
or Amend Judgment to Offset
Settlement Proceeds Paid by Other

05/03/19

50

12480-12489

18




Defendants Filed Under Seal on
March 26, 2019

40

Notice of Entry of Findings of Fact
Conclusions of Law and Order on
Motion for Determination of Good
Faith Settlement

01/08/18

11

2581-2590

137

Notice of Entry of Findings of Fact,
Conclusions of Law and Order on
Motion for Good Faith Settlement

02/01/19

50

12385-12395

111

Notice of Entry of Judgment

04/18/18

42

10365-10371

12

Notice of Entry of Order

07/11/17

158-165

16

Notice of Entry of Order

08/23/17

223-227

63

Notice of Entry of Order

02/09/18

15

3511-3536

97

Notice of Entry of Order

03/19/18

36

8839-8841

15

Notice of Entry of Order (CMO)

08/18/17

214-222

Notice of Entry of Order Denying
Without Prejudice Plaintiffs’ Ex Parte
Motion for Order Requiring Bus
Company and Bus Driver to Preserve
an Immediately Turn Over Relevant
Electronic Monitoring Information
from Bus and Driver Cell Phone

06/22/17

77-80

13

Notice of Entry of Order Granting
Plaintiffs’ Motion for Preferential Trial
Setting

07/20/17

166—-171

133

Notice of Entry of Stipulation and
Order Dismissing Plaintiffs’ Claims
Against Defendant SevenPlus
Bicycles, Inc. Only

10/17/18

50

12361-12365

134

Notice of Entry of Stipulation and
Order Dismissing Plaintiffs’ Claims
Against Bell Sports, Inc. Only

10/17/18

50

12366-12370

143

Objection to Special Master Order
Staying Post-Trial Discovery Including
May 2, 2018 Deposition of the
Custodian of Records of the Board of
Regents NSHE and, Alternatively,
Motion for Limited Post-Trial

05/03/18

51

12495-12602

19




Discovery on Order Shortening Time

(FILED UNDER SEAL)

39

Opposition to “Motion for Summary
Judgment on Foreseeability of Bus
Interaction with Pedestrians of
Bicyclists (Including Sudden Bicycle
Movement)”

12/27/17

11

2524-2580

123

Opposition to Defendant’s Motion to
Retax Costs

05/14/18

49

12039-12085

118

Opposition to Motion for Limited Post-

Trial Discovery

05/03/18

48

11761-11769

151

Order (FILED UNDER SEAL)

03/26/19

52

12931-12937

135

Order Granting Motion to Dismiss
Wrongful Death Claim

01/31/19

50

12371-12372

25

Order Regarding “Plaintiffs’ Motion to
Amend Complaint to Substitute
Parties” and “Countermotion to Set a
Reasonable Trial Date Upon Changed
Circumstance that Nullifies the
Reason for Preferential Trial Setting”

11/17/17

638-641

45

Plaintiffs’ Addendum to Reply to
Opposition to Motion for Summary
Judgment on Forseeability of Bus
Interaction with Pedestrians or
Bicyclists (Including Sudden Bicycle
Movement)”

01/17/18

11

2654-2663

49

Plaintiffs’ Joinder to Defendant Bell
Sports, Inc.’s Motion for
Determination of Good Faith
Settlement on Order Shortening Time

01/18/18

11

27352737

41

Plaintiffs’ Joint Opposition to
Defendant’s Motion in Limine No. 3 to
Preclude Plaintiffs from Making
Reference to a “Bullet Train” and to
Defendant’s Motion in Limine No. 7 to
Exclude Any Claims That the Motor
Coach was Defective Based on Alleged
Dangerous “Air Blasts”

01/08/18

11

2591-2611

20




37

Plaintiffs’ Joint Opposition to MCI
Motion for Summary Judgment on All
Claims Alleging a Product Defect and
to MCI Motion for Summary
Judgment on Punitive Damages

12/21/17

2129-2175

50

Plaintiffs’ Motion for Determination of
Good Faith Settlement with
Defendants Michelangelo Leasing Inc.
d/b/a Ryan’s Express and Edward
Hubbard Only on Order Shortening
Time

01/18/18

11

27382747

42

Plaintiffs’ Opposition to Defendant’s
Motion in Limine No. 13 to Exclude
Plaintiffs’ Expert Witness Robert
Cunitz, Ph.D. or in the Alternative to
Limit His Testimony

01/08/18

11

2612-2629

43

Plaintiffs’ Opposition to Defendant’s
Motion in Limine No. 17 to Exclude
Claim of Lost Income, Including the
August 28 Expert Report of Larry
Stokes

01/08/18

11

26302637

126

Plaintiffs’ Opposition to MCI’s Motion
to Alter or Amend Judgment to Offset
Settlement Proceeds Paid by Other
Defendants

06/06/18

49

12104-12112

130

Plaintiffs’ Supplemental Opposition to
MCT’s Motion to Alter or Amend
Judgment to Offset Settlement
Proceeds Paid by Other Defendants

09/18/18

50

12310-12321

150

Plaintiffs’ Supplemental Opposition to
MCTI’s Motion to Alter or Amend
Judgment to Offset Settlement
Proceeds Paid by Other Defendants
(FILED UNDER SEAL)

09/18/18

52

12917-12930

122

Plaintiffs’ Supplemental Verified
Memorandum of Costs and
Disbursements Pursuant to NRS
18.005, 18.020, and 18.110

05/09/18

49

12019-12038

21




91 | Plaintiffs’ Trial Brief Regarding 03/12/18 | 33 8018-8025
Admaissibility of Taxation Issues and
Gross Versus Net Loss Income

113 | Plaintiffs’ Verified Memorandum of 04/24/18 | 42 | 10375-10381
Costs and Disbursements Pursuant to
NRS 18.005, 18.020, and 18.110

105 | Proposed Jury Instructions Not Given | 03/23/18 | 41 | 10207-10235

109 | Proposed Jury Verdict Form Not Used | 03/26/18 | 42 | 10298-10302
at Trial

57 | Recorder’s Transcript of Hearing on 01/23/18 | 12 2818-2997
Defendant’s Motion for Summary
Judgment on All Claims Alleging a
Product Defect

148 | Reply in Support of Motion for a 07/02/18 | 52 | 12755-12864
Limited New Trial (FILED UNDER
SEAL)

128 | Reply on Motion to Retax Costs 06/29/18 | 50 | 12269-12281

44 | Reply to Opposition to Motion for 01/16/18 | 11 2638-2653
Summary Judgment on Foreseeability
of Bus Interaction with Pedestrians or
Bicyclists (Including Sudden Bicycle
Movement)”

46 | Reply to Plaintiffs’ Opposition to 01/17/18 | 11 2664—-2704
Motion for Summary Judgment on
Punitive Damages

3 | Reporter’s Transcript of Motion for 06/15/17 1 34-76

Temporary Restraining Order

144 | Reporter’s Transcript of Proceedings 05/04/18 | 51 | 12603-12646
(FILED UNDER SEAL)

14 | Reporter’s Transcription of Motion for | 07/20/17 1 172-213
Preferential Trial Setting

18 | Reporter’s Transcription of Motion of 09/21/17 1 237-250
Status Check and Motion for 2 251-312
Reconsideration with Joinder

65 | Reporter’s Transcription of 02/13/18 | 16 3818-4000
Proceedings 17 4001-4037

66 | Reporter’s Transcription of 02/14/18 | 17 4038-4250
Proceedings 18 4251-4308
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68 | Reporter’s Transcription of 02/15/18 | 18 4315-4500
Proceedings
69 | Reporter’s Transcription of 02/16/18 | 19 4501-4727
Proceedings
72 | Reporter’s Transcription of 02/20/18 | 20 4809-5000
Proceedings 21 5001-5039
73 | Reporter’s Transcription of 02/21/18 | 21 5040-5159
Proceedings
74 | Reporter’s Transcription of 02/22/18 | 21 5160-5250
Proceedings 22 5251-5314
77 | Reporter’s Transcription of 02/23/18 | 22 5328-5500
Proceedings 23 5501-5580
78 | Reporter’s Transcription of 02/26/18 | 23 5581-5750
Proceedings 24 5751-5834
79 | Reporter’s Transcription of 02/27/18 | 24 5835—-6000
Proceedings 25 6001-6006
80 | Reporter’s Transcription of 02/28/18 | 25 6007-6194
Proceedings
81 | Reporter’s Transcription of 03/01/18 | 25 6195-6250
Proceedings 26 6251-6448
82 | Reporter’s Transcription of 03/02/18 | 26 6449-6500
Proceedings 27 6501-6623
83 | Reporter’s Transcription of 03/05/18 | 27 6624—-6750
Proceedings 28 6751-6878
86 | Reporter’s Transcription of 03/07/18 | 29 70457250
Proceedings 30 7251-7265
88 | Reporter’s Transcription of 03/09/18 | 30 74247500
Proceedings 31 7501-7728
89 | Reporter’s Transcription of 03/12/18 | 31 7729-7750
Proceedings 32 7751-7993
99 | Reporter’s Transcription of 03/20/18 | 37 9076-9250
Proceedings 38 9251-9297
100 | Reporter’s Transcription of 03/21/18 | 38 9298-9500
Proceedings 39 9501-9716
101 | Reporter’s Transcription of 03/21/18 | 39 9717-9750
Proceedings 40 9751-9799
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102 | Reporter’s Transcription of 03/21/18 | 40 9800-9880
Proceedings

103 | Reporter’s Transcription of 03/22/18 | 40 9881-10000
Proceedings 41 | 10001-10195

104 | Reporter’s Transcription of 03/23/18 | 41 | 10196-10206
Proceedings

24 | Second Amended Complaint and 11/17/17 3 619-637
Demand for Jury Trial

107 | Special Jury Verdict 03/23/18 41 | 10237-10241

112 | Special Master Order Staying Post- 04/24/18 | 42 | 10372-10374
Trial Discovery Including May 2, 2018
Deposition of the Custodian of Records
of the Board of Regents NSHE

62 | Status Check Transcript 02/09/18 | 14 3492-3500

15 3501-3510

17 | Stipulated Protective Order 08/24/17 1 228-236

121 | Supplement to Motor Coach 05/08/18 | 49 | 12013-12018
Industries, Inc.’s Motion for a Limited
New Trial

60 | Supplemental Findings of Fact, 02/05/18 | 14 3470-3473
Conclusions of Law, and Order

132 | Transcript 09/25/18 | 50 | 12333-12360

23 | Transcript of Proceedings 11/02/17 3 598-618

27 | Volume 1: Appendix of Exhibits to 12/01/17 3 665—750
Motion for Summary Judgment on 4 751-989
Punitive Damages

28 | Volume 2: Appendix of Exhibits to 12/01/17 4 990-1000
Motion for Summary Judgment on 5 1001-1225
Punitive Damages

29 | Volume 3: Appendix of Exhibits to 12/01/17 5 1226-1250
Motion for Summary Judgment on 6 1251-1490

Punitive Damages

24
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Rey = 1,29 X 106, Cp = 0.695; Flow separated
on top and side

FIG. 156: SURFACE FLOW AT ¢ = 0° WiTH =0.05
(REATTACHMENT POINTS INDICATED BY ARROWS)

Rey = 2.04 X 108, Cp, = 0.324; Flow attached
on top and side

FIG. 16: SURFACE FLOW AT ¢ = 0° WITH 5 = 0.063
{(REATTACHMENT POINTS INDICATED BY ARROWS)
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different asymptotic flow separation and flow
reattachment points. Measurements on square and
rectangular two-dimensional prisms (8] have also
shown nearly identical drag coefficlents for
combinations of radius and Reynolds number that
produce fully-attached leading-edge flow.

An alternate way of looking at the data is
provided by cross-plotting the measurements in
Figures 11 through l4 as functlons of edge radius
with the Reynolds number as a parameter. This
type of measurement is most commonly found in the
literature [1,2,3}. An example of such a cross—
plot 1s shown In Figure 17, taken from Figure 12
for § = 5%, at six different Reynolds numbers.
These curves define the gptimum edge radius for a
given Reynolds number, where the optimum is taken
to be the smallest radius that provides
fully-atrached £low at that Reynolds number. It
1s immediately apparent that a test designed to
define this optimum will give different answers at
different test Reynolds numbers, except at very
high values, as shown. This situation is
unacceptable to the designer and is a serious
problem faced, and often unrecognized, in many
small-scale, low—Reynolds number tests.

Latar in the paper it will be shown how these
data can be collapsed, allowing an accurate
extrapalation of model scale data to full scale
and previding a clear indication af the optimum
front~edge rcunding needed to efficiently reduce
the drag of box—shaped vehicles.

The graphs of Figures 11 to 14 were based on
runs with test speed increasing, and when the
measurements were then made with test speed
decreasing different behaviour was found. TFigure
18 shows this situation. The shaded reglons are
regions of flow hysteresis where two values of
drag coefficient can ceccur depending on whether
gpeed 1s Increasing or decreasing, as indicated by
the arrows on the curves. Once the flow has
become attached it stays attached to a lower
Reynolds number before separating once again., The
hysteresis was usually small at high and low
Reynolds numbers but was large at transitional
values, especilally for 0.05<n<0.10.

An indication of the Reynoids number
behavicur of the other aerodynamic coefflclents 1s
presented in Figure 19, The data are at a yaw
angle of 5° and are typical of the data at other
angles. 5ide force, rolling moment, and 1lift to a
lesser extent, all seem relatively independent of
both Reynolds number and edge radius, while
plitching moment and yawing moment are sensitive to
both radius and Reynolds number.

The pitching moment reflects the drag
coefficlent changes since, with the orlgin of
co~ordinates ac ground level, It is primarily due
to the drag vector acting roughly in the middle of
the body. The yawing moment changes reflect the
forward shift in the centre of pressure of the
side force as the sidewall separation bubble is
reduced or disappeatrs at large values of radius or
Reynolds number.

YAW BEHAVIOUR - The influence of yaw angle
on Reynolds number behaviour can be seen in
Figure 20, which clearly shows the increase in
transcritical Reynolds number as yaw angle

13

increases, for an edge radivus of n = 0.075. It is
evident that attached flow on the body sides
ocecurs up to 10° yaw angle but not at 15° angle
with this edge radius.

Another perspective of the model's yaw
behaviour, with edge radius as a parameter at
fixed Reynolds number, can be found in Figure 21
and Figure 22. TFigure 21 shows the drag goeffi—
cients for all edge radii at Re, = 2.2x10°. These
measurements are symmetrical about 0° yaw angle,
for small and large radii, but are asymmetrical
for values of radius that are in the transitiomal
Reynolds number region for Re, = 2.2x10"., Here,
the asymmetry 1s due to a yaw hysteresils where
double~valued drag coeffilcients can otcur at
mid-range yaw angles, depending on whether yaw
angle 1s Increasing or decreasing. A few measure-
ments of thils yaw hysteresis were made and one
example 1s presented as the shaded regiocn in
Figure 21 for n = 0.063. It is the author's
experience that the large hysteresls seen here is
common for very simple or aerodynamlcally clean
shapes but that it is usually much reduced by
typlcal vehicle details like break lines, seams
and protuberances, or by the incident wakes from
other vehicle components such as the cab or
exhaust wakes flowing over the truck body or the
traller front face.

The yaw behaviour of the other forces and
moments is shown in Figure 22 at four selected
radii, Again, the relative insensitivity of side
Force and rolling moment with edge radius are
apparent, although some change does occur as
indicated by changes in the side force and rolling
moment coefficient slopes presented in the figure.
These slopes, Gg and Cpy ,» respectively, were
obtained from 1liddar regression through the seven
data points between %3° yaw angle. The reductions
in 1ift and pitching moment are probably a result
of reduced toof suctions and lower drag, respec—
tively, as edge radius 1s increased., The change
in yawing moment is alep striking as the yawing
moment slope near 0° yaw angle 1s negative for
square edges and for small radii (note data for a
fifth radius of n = 0.025 has been added to this
graph only). This slope bacomes positive for
radii equal to or greater than n = 0,050, and
increases with increasing radlus — a result of the
forward shift of the centre of pressure of side
force. The negative yawing moment slopes are a
result of the centre of pressure lying aft of the
body centre,

FLOW TRIPPING ~ A brief study inte the use of
gtrips of grit or other particles to Teduce the
critical and transeritical Reynolds numbers was
made using three of the radil employed in the mwaln
part of the test. A strlp was formed by painting
on a band of glue and sprinkling on the particles.
The strip was placed near the top and side edges
on the front face only, as seen in Figure 3.

The effects of grit size, strip width and
strip location were examined. Figure 23 shows the
influence of the most effective trip used — 0.9 mm
spherical glass beads. The transeritical Reynolds
number for m = 0.063 has been reduced Ey a factor
of nearly two, frog (Rey), = 2.05 x 107 to
(Repd, = 1.08 x 10%.
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The slze of the trip particles and the strip
location on the Eront face were important to the
overall hehaviour, as shown in Figure 24. The
strip was located on the front face the same
distance in from the side and top edges, as shown
in the inser sketch. A trip strip was not used
for the bottom, square edge. The width of the
trip strip, over the range from 3 mm to 12 mm, was
found te be of secondary importance.

Different particle sizes and locations were
found to result in different reductlons in
transcritical Reynolds number and, unfortunately,
in different asymptotic drag values at high
Reynolds number. Not enough tests were performed
to gengralize with cectainty, but indications were
that a particle strip-width of one-quarter the
edge radius, located at a distance equal to the
radius of the edge {y/r = 1) toward the centre of
the Front face, and with a particle size that gave
the lowest drag would be close to the best choice.
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FiG. 23: EFFECT OF PARTICLE STRIPS ON
REYNCLDS NUMBER DEPENDENT BEHAVIQUR
OF DRAG COEFFICIENT AT ¢ = 0°
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TRANSCRITICAL REYNOLDS NUMBER COLLAPSE

An interesting result was cbtained when the
transcritical Reynolds numbers, (ReA)t, of
Flgure 11 to Figure 14 are plotted against
non~dimensional radius, v, using a log-leog scale.
The locus of rhese data points was a straight line
that completely defined che tramscritical Reynolds
number behaviour, as shown in the right-hand curve
of Figure 25. The transcritical Reynolds number
can be related to edge radius by:

n = o/¢K = k(Rey)¢ (2)
Linear regression results in
k= 1.30 x 107

and

giving
N o= 1,30 x 107/ (Rey) (3
From this it is apparent that the

transcritical Reynolds number is a constant,
if based on edge-radius, where:

(Re)p = tV, /v = (Rey) (E//E) = 1.30 x 107 (&)
The collapsa of the measured data on this
functional Form is shown in the left~hand curve of
Figure 253. The measured values of tramseritical
Reynolds number are seen to increase only a small
amount with yaw angle over the range tested, up to
15°, and this effect is ignored in the fir above.

A preliminary version of this collapse was
presented previously by Coocper [9] using sparse
data from the litetature. The current study aronse
from the possibilities supggested by that analysis.
Polhamus [8] had also suggested that the critical
Reynolds number for two~dimensional rectangular
prisms with rounded edges was approximately
constant when edge radius was selected as the
referance length for the Reynolds aumber
caleulation.

QPTIMUM EDGE RADIUS

The major application of the data presanted
in Figures 11 to l4 is to the determination of the
optimum edge radius required for minimum drag. As
before, the optimum is the value of radius that
reduces the drag to tha lowest level through
fully-attached, leading-edge Flow. The optima are
found from ctypical cross-plots like Figare 17, for
W= 5% It is evident from this figure that the
optimum rvadius rveduces with increasing =ynolds
number, up to a value of Rey = 2.04 x 107, but
that the optimum radius has a constant minimum
value of Nope = 0.063 above this Reynolds aumber.
Fully—attacged, front-end Flow deces not ccour ak
smaller radii, no matter how high the Reynolds
number. The tendency of the drag coeificient to
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FiG. 25: COLLAPSE OF FRONT-EDGE RADIUS DATA ONTO A UNIVERSAL CURVE

plateau at a higher value for n < 0.050, comparad
to the much lower drag plateau for n » 0.063, as
can be seen in Figure 12, indicates that this 1s
the case.

Almost identieal behavieur is found at 0° yaw
angle, and similar behaviour cceurs at 10° and 15°
yaw angle. The only difference in the latter two
cases is that the Reynolds number bresk points at
which the minimum values of Nopy 2CCUr become suc~
cessively lower and the value oE constant radius
successively larger, as yaw angle increases.: All
four yaw angles follow the same relatinnship with
Reynolds nember, at low Reynolds number, until the
minimum allowable value for a given vaw angle 1s
teached, at which point n becomes counstant.
Thus, a single curve with a series of yaw—-angle-
dependent branches is formed, as shown by the data
points in Figure 2Z6. At Reynolds numbers helow
the break peilnts the values of optimum radii
follow the same curve as in Figure 25. An
examination of Figures 11 to 14 show that this
must be the case.

The solid lines drawn through the points in
Figure 26 are proposed as the optimum—edge-radius
design boundaries required to minimize aercdynamic
drag for box—~1like vehicles. They depend on
Reynolds number and maximum yaw angle only.

The upper bound, at low Reynolds numbers, is
set at Mgy = 0,500 since, for radil larger than
bedy heiggt or width, the rounded edges would not
be parallel to the roof or sides. The lower
limits depend on yaw angle and are set by the
minimum radii for fully=-atrached flow at high
Reynolds number. The meximum yaw angle limits are
specified in the imset graph of Figure 26 and were
determined frem the data of Figures 11, 12, 13, 14
and 2l.

A yaw range greater than 13° is probably not
necessary for two reasons. Firstly, as will be
shown, higher ysw angles are uncommon at typical
road spaeds. Secondly, atteched flow 1s unlikely
to occur at higher yaw angles, especially on
geometrically more complex, less smooth shapes
typlcal of real vehicles.
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FIG. 26: OPTIMUM FRONT-EDGE RADIUS DESIGN BOUNDARIES

The lower bounds are subject to
interpretation, of course, becsuse the limiting
behaviour must occur somewhere between the
boundary values found in the tests. For example,
at ¢ = 5% the minimom radius will be between
Nope = 0,050 and ng,, = 0.063, the next higher
vafue tested. In each case the higher value was
chosen as belng conservative.

The atralght line joining the constant upper
and lower bounds 1s identical to that found in
Figure 25 and given by eq. (3}.

CORRELATION WITH OTHER DATA - The questicn
still remains as to how well the measurements on a
simple rectangular body apply to trucks, buses or
rail vehiecles, at either model or full scale. An
answer ls provided, in part, in Figure 27 where
the optimum radii derived from other sources and
on other vehicle types [1,3,8,10,12,13,14] are
plotted and compared to the boundaries of
Figure 26. Most of the data are at O° yaw angle,
although the truck measurements are based on
wind-averaged drag coefficient, which include yaw
angles up to 7°. The open symbols, in particular,

are From measurements on detailed models of real
vehicles and, in one Instance [3], on full scale
vans. Ln general, the optimum edge-radiug-
Reynolds—number boundaries of Figure 26 appear to
correlate well with most other available measure-
ments. It would be expected that surface
discontinuities, roughness, and upstream
disturbances could reduce the optimum radii
compared to the smooth body used in the current
tests, as is generally seen.

An additional correlation is provided in the
data of Figure 28, which also demonstrates the
differences in drag reduction possible between the
simple, rectangular body and more complex vehicle
shapes. The comparison contains front—
edge~rounding data for the current rectangular
body, for two tractor-trailers (10} and two
straight trucks [14] at 1:1Q scale, and for a
full-scale Ford straight truck {15} in the 8m x 9
m wind tunnel of the National Research Council of
Canada. The graph shows some interesting trends.
As mentioned previously, the drag-reducing
potential of adge rounding is much greater for a
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simple body like a bus or van than it is for more
complex vahicles like truck bodies or trallers.

In the former case, the edge rounding must cause a
significant change in the pressure distribution
aver the whole fromt face when the radius reaches
the optimum value. Fully-attached adge flow
gecurs and the consequent large drag drop to
nearly constant values at greater radii is found.
In the latter case, the cab wake flow shelters a
majority of the truck bedy or trailer and so the
pressure changes are more localized neat the front
edges, and the drag rveduction is less. At lower
values of edge tadius the rectangular body and the
road vehicles tend to behave similarly.

The optimum radiil for all the configurations
shown have nearly the same value as that for the
rectangular body, as indicated, and it is this
eorrelation — the break point in the drag curves
being at the same radius ~ that is of most
significance.

Using smeke, Ford's engineers observed that
even at n = 0,104 some Flow separation remalned on
the roof of the body; a finding that differs with
the rectangular body results and that could be due
to the short body length used by Ford, only 1.5

times the body width. Neverthelesa, the current
test results would predict a required edge radius
that would be close to the value giving lowest
drag on the full—scale truck. Finally, the frac-
tional drag reductions for the model and full-
gcale straight trucks are nearly identical — am
encouraging finding for the wind-tunnel
aerpdynamicist.

REQUIRED MODEL REYNOLDS NUMBERS

The data from the first test can alsoc be used
to help guide the selection of the model Reynolds
number required to give wind tumnel data that will
correlate with full-scale. The SAE Standard
Practice, J1252 [7}, recommends Re,=0.7x10%. Test
results from Cooper et al [16] mage in support of
this Practice found that 1.0 x 10° or even higher
was a better choice and Found that small Reynold
number effects could still be seen at Reﬁﬂl.ﬁxlﬂ .
Examination of Figures 11 to 14 and Figure 17
suggest that the required Reynglds number should
be increased to about 2.0 x 107, roughly in line
with the findings of ([1B8].
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APPLICATION OF EDGE-RADIUS BOUNDARIES

The application of the boundaries in

Figure 26 1is straightforward, although various

assumpticns are implicit in che use of the data.

These assumptlons ara:

1) The design boundaries developed for a
rectangular body and shown in Figure 26 can
be applied to more complex, pox~like
vehicles. This is supperted by the
measurements prasented in Flgure 27,

ii) The effect of body helght—to-width ratie is
small for the differences between the model
value used in this program, h/fw = 1.0, and
the values common to real commerciel
vehlcles where hfw > 1.0, usually.

411) The square-~rcot of body frontal area, /By,
is an sdequate reference length with which
ta non-dimensicunalize edge radius.
Obviously, for high or wide bodies this will
fail and width or height, respactively.
would be a better cholce.

Accepting these points, it 1s only necessary Lo
determine the operating Reynolds number and the
maximum yaw angle of concern.

The selaction of cperating Reynolds number
can be based on a vehlcle speed for which
aetodynamic influences become imporrant and one
obvious cholee, then, 1s the speed at which
aerndynamie and rolling resistances are equal.
This speed will be below the vehicle's cruising
speed and so would be conservative. Assuming a
crude model for the rolling resistance of 0.01 H
resistance for each Newton of welght, the design
spaed would be:

v, = {[0.02/¢sTp) Jura)}F wrs (5

Strictly speaking, since Cpy 1s a function of V.,
an iterative sclutina is required to solve
correctly for VD, but s First approximatlion using
ED at S0 km/h 15 sufficient for deslgn purposes.

Finally, some rationale must be established
for choosing the maximum yaw angle for which
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attached flow is required. As seen in Figure 26,
the price for good aerodynamic performance at
large yaw angles is increased edge radius. The
maximum probable yaw angle 1s a function of
vehlcle speed and local wind statisties. It would
be impractical to include information from
gpecific locales, so annual hourly mean wind
gtatistics typical of the North Amerlcan average
and the method of Cooper {10} will be used ro
assess the probabllity of exceeding a given yaw
angle (the cumulative probability of yaw angle)
for various road speeds from 50 km/h to 130 km/h.

Tha probabilitles are given in Figure 2% and
it is apparent that the yaw angle associzated with
a given probability level increases with
decreasing road spead. For example, 6° has a 0.l
chance of being exceeded at 130 km/h road speed,
but at 50 km/h 16° is exceeded with the same prob-
abllity. That 1s, the more rapldly a vehicle
travels, the lower the incldent yaw angles pro—
duced by naturzl winds. Assumlng that a resonable
probability level for design 1s 0.10, then the
maximum yaw angle range of concern can be obtalned
as a function of road speed, as indicated in the
graph.

As an example, one can choose two design
cases, one for a straight truck and the other for
a tractor—traller, using the vehicle configura-
tions employed in the tests reported in the
Epllowing seceion of this paper. The vehicle's

850268
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F1G. 29: PROBABILITY OF A VEHICLE EXCEEDING
A GIVEN YAW ANGLE AT VARIQUS ROAD SPEEDS

properties and design operating speeds {from
eq. (5)) are given in Table 6.

The values of radius obtalned fer these
configurations, at the operating Reynolds number
obtained using eq. (5), are less than the minimum
allowable valtte of M,., . Thus the ilnset graph of
Figure 26 must be usel to select the radii -

250 mm for the stralght truck body and 200 mm for
the trailer. The 200 mm value 1s close to the
value of 250 mm commonly found on trallers.

TABLE G

DATA FOR DESIGN EXAMPLES

Straight Truck Body

Tractor-Trailer

Vehicle area, A 839 m? 985 m?
Body area, Ay, 6.25 m? 7.06 m?
VA, 250 m 2.66 m
w 88200 N 264600 N
Cp 0.775 0.968
Vg 54 km/h 70 km/h
Initial radivs {Egn, {4)], r 126 mm 87 mm
A By 0.050 0.036
Desigh yaw angle 15° 11.4°
Finat radius i/ Ay = 0,100 A, = 0.076
{inset graph from Fig. 26} r= 250 mm r=200mm

002263

002263

P02400

002263



92200

002264

Downloaded from SAF Internutionzl by Patricis Stoppard, Tuesday, Becomber 05, 2017

850283

LEVELS COF FRONT-EDGE DRAG REDUCTION

The levels of drag reduction iandicated by
Figures 11 to l4 are generally not realizeable en
most krucks, although they should be avallable for
the less complex shapes used for buses, wvans and
rail vehiclas. The differences in drag levels
between those for the trucks and those for the
rectangular body shown in Figure 2B must be due ro
interference effects between the cabs and the
truck bodies or trallevs. The surface prassures
on the stralght truck body behind and above the
cab will be determined, in large part, by the cab
flow-field and will reduce the area over which
edge-related pressure changes can act. Some
similar behaviour must occur with the tractar-
trailer. Thus, one would expect that the lowest
drags would be found for the least cab interfer—
ance, and this is the case in Figure 28. The
least drag reduction ocecurs with 2 large cah
sheltering the trailer, the straight trucks are in
the middle, and a small cab with very exposed,
large traller has the greatest drag reducing
potential. Comparing these three curves with thaet
for the rsctangular body clearly indlcates that
the future for low drag commerclial vehicles
requires improved integratlon of cab and body.

Additional indications of avallable lavels of
drag reduction are provided by the two trucks
employed in the Ffinal section of this paper. They
were tested with rounded forebodies as well as
with the standard versions, and a reduction in
wind~averaged drag coefficient of 0.160 was
measured for the stralght truck while a reduction
of 0.069 was measured for the trackor—-traller. By
comparison, a cab-mounted deflector provided a
wind-averaged drag coefficient reduction of 0.078
for rhe straight truck and 0.079 far the
tractor~traller.

DISCUSSION OF EFFEQCTS OF REAR-EDGE SHAPING

BASE DRAG LEVELS ~ As a prelude to the
discusslon of base drag reduction, & brief
commentary on the magnitude and nature of base
drag 1s in order. Generally speaking, base drag
results from the pressure reduction over the rear
face of a vehicle due to the entrainment of fluid
from the base regilon by the shear layers
gseparating from the rear edges. It has been
suggested [2} that vehicles with reduced drag
resulting from a good Ecre-body shape may have
increased base dreg because of the higher
entrainment due to the thinner separating ehear
layers, although this simple concept may be upset
by changes in underbedy flows when a body 1s in
ground proximity.

Typlcal measurements of base drazg agalnst yaw
angle by Marks et al [3] and Cooper {11] are shown
in Figure 30. Marks' measurements were obtalned
from integrated base pressures on truck modele
while those of Cooper were from direct forece
measurements on the base of a bus. The base drag
coafficlents are slmllar, even though the total
bus drag levels are only one-~half of those nf the
trucks. This 1s not surprising when one considers
that both have parallei-sided rear ends, cut—off

23

perpendicular to the vehicle's lengths. The bus
drag levels ware referred to true fromtal area
while these of the trucks were refarred to height
times width, The ceefficient errers introduced by
the different reference areas should be small
since helght times width is usually only a few
percent larger than Lrue frontal area for a

truck.
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FiG. 30: BASE DRAG COEFFICIENTS OF TYPICAL
TRUCKS AND BUSES

YAW BEHAVIOUR ~ The primary measurements were
made over a range of yaw angles, rather than
Reynolds numbers, at a fixed test speed of 73
m/sec. Zhe resulting Reynolds numbers were
1.5 x 10%for the Ford truck and 1.6 x 10 for the
Astro 95 tractor-crailer. Typical yaw results can
be seen for the Ford truck with standard body
front—end and hevelled or curved rear panels
{sides and top cnly, Figure 9) in Figure 31 and
Figure 32, respectively. The upper graph in each
figure shows the drag coefficlent while the lower
graph shows the change, or Increment, in drag
coefficlient defined as:

c

Ay = C (6)

Phase “modified

S50lid lines are used to highlight the data for the
standard configurations and for the panel angles
giving the lowest drag. Both the bevel and the
radius produce similar results ~ an increasing
drag reduction with increasing panel angle, to a
maximum at the optimum angle, followed by a
decrease in drag reduction beyond this angle. The
drag reducticn was falrly comstant with yaw angle,
showing a tendency to lncrease with yaw angle at
the better (lower drag) panel angles. Quali-
tatively, simllar results were found for the
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tractor~trailer configurationa, but the levels of
drag reduction were alwaye about 70 percent of
those found for the straight truck. These smaller
drag reductions could be a result of the thicker
boundary layers on the longer trailers and,
perhaps, could be due to differences in the
trailer's underbody flow.

Tha wind—averaged drag coefficlents and drag
coefficlent increéments are included in the keys to
the figures and provide a better appreclation of
the average drag changes. They provide a more
convenient summary of the data than detailed plots
like Figures 31 and 3Z and permit a clear,
accurate assessment of the yaw measurements.

The wind-averaged drag increment, ACp, of all
eight vehicle configurations (two trucks, two
front faces, two types of rear-edge modificattion)
investigated are shown against panel angle in
Figure 33, The optimum panel angle is readily
identified in esch instance as are the significant
differences in off-optimum performance of the
curved and bevelied panels, It is also apparent
that performance reduces less rapidly for the

0.80p
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FIG. 31: EFFECT OF REAR BEVEL FITTED TO SIDES AND
TOP OF FORD LN700 STRAIGHT TRUCK BODY,
STANDARD FRONT FACE ON BODY, & =0.183
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bevels at angles below optimum than above. The
opposite 1s true with the radii. The bevelled
panels produced the larger base drag reductions,
at the optimum angles. The drag reductloms for
either truck and either type of rear panel were
greater when the rounded front faces were fitred
to the truck body or traller, The lower drag

reductions previously noted for the tractor~—
trallevs can be seen. Also, it Is evident that

zero angle, parallel extensions of the body rtoof
and side walls lead to a drag increase for both
trucks.

The optimum panel angle was always 10° or
15°, depending on configuration and panel length.
The measurements discussed, so far, were at a
panel length of 437 mm, full-scale, giving
3 = 0.183 for the stralght truck and E = 0.172 for
the trailer. For convenlence, the lengths of the
rear panels will be discussed in terms of their
equlivalent full-scale values, which were the same
for both trucks. However, the graphs and any
appticationa of the data will be based on the
non~dimensional panel length, £.
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FiG. 32: EFFECT OF REAR RADIUS FITTED TO SIDES
AND TOP OF FORD LN700 STRAIGHT TRUCK BODY.
STANDARD FRONT FACE ON 80DY, 2= 0.183
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Assuming that the base drags of the test
trucks were identical to the average of the trucks
used as examples im Figure 3Q, then the bevelled
rear panels reduce the hase drag, with standard
front faces, by 35 percent for the straight truck
and by 25 percent for the tractor-trailer, These
percentages are referenced to the average
wind~averaged base drag coefficient for both
trucks in Figure 30, af, = 0.138.

The effect of rear Eanel length is presented
in Figure 34. Each measurement was made at the
optimum angle, as determined from a set of
measurements like those of Figure 33. The optimum
panel angle was 15°, unless a given data point is
labelled otherwise. Initially, the drag reduction
is seen to increase with panel length, whether
bevel or radius, and then it levels off. While no
optimum length can be found, it is evident that a
non-dimensional panel length of 0.18 (full scale
panel length of 4537 mm) need not be exceeded.
Further, even a small panel length of only
one-third this value, 152 mm, stlll provides
one—-half the drag reduction of the longer panel.
The stralght truck and the tractor-traller show
the same functienal behaviour with panel length.
The latter, as noted previously, had the smaller
drag increments.

o STANDARD FRONT
0.06}
0.04f
s e —8
B b
.02

4 5 i5 B 50 a“%‘\\j
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G SYRRIGHT TRUCK 20,83
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e REAR BEVEL
— - REAR RADIUS

BEp ROUNDED FRONT
o.08f

Q0.04%

0.02r

J. i
io 15
PANEL ANGLE, DEG.

FIG. 33: EFFECT OF REAR PANEL ANGLE ON BASE
DRAG RERUCTION
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A series of tests were performed with the
open, lower side of the cavity closed by a
straight panel parallel to the ground. The tests
were done for all bevelled and curved panel
lengths but at the optimum angle only, Filgure 35
shows that thils closure further increases the drag
reduction. A& bevelled panel length of 457 mm now
pravides a 42 percent base drag reduction for the
truck and a 28 percent reduction for the tractor-
trailer, with standard front faces. The results
are only presented for the rear bevels, but the
same fractional gain was also availlable with the
radius.,

&4 final comparison of the optimum behaviour
of both types of rear—edge modificatliens, =as a
funetion of panel length, 1s made in Figure 36,
On average, the bevel provides slightly greater
drag reduction except at short lengths.
Considering possible experimental error, the two
have nearly identical performance.

A comparison of the importance of shaping
individual rear edges was wmade using a bevelled—
panel length of 457 mm at 15°, These results are
presented ln Table 7, which also includes a
measurement with the base cavity filled to
determine whather the shaping or the shaping-
plus~cavity were most important. An attempt was
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FiG. 34: EFFECT OF REAR PANEL LENGTH ON BASE
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TABLE 7
EFFECT OF VARIATIONS TO 30 mm, 15° BEVELLED PANEL GEOM ETRY
FOR FORD TRUCK WiTH ROUNDED FRONT FACE
Fraction of Reductien
. . Produced by
Configuration Cp ACp Simultaneously
Modifying the
Top, Sides, Bottom
Standard 0.61% - -
Top bevel only 0.612 0.023 5
Side bevels only 0.592 0.023 39
Top and side beveis 0568 0.047 80
Top and side bevels, bottom closed 0.556 0.059 100
Top and side bevals, cavity filled 0.561 0.054 92
&% slots 0573 0.042 1
10% slots 0574 0,041 70
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made to determine whecher bevelled panels
perforated with slots {(see Figure 10) would be
superior to solid panels, Two different slet
porosities {perceat area removaed) were tried - ocne
with 5 percent porosity and the other with twice
this value,

Bevelled panels attached to the top alone or
the sides alone produced a drag reduetien far less
than that found for top and sides together, with
the side panels being the better of the two
possiblities. The sum of the drag reductions for
egach modification parformed individually was only
about one~-half that when they were used in
combination. Filling the ¢avity produced only a
very small decrease in drag veductiom, so the
major effect appears to be due to the new shape
introduced by the panel rather than due to the
shape plus base cavity. The use of perforated
panels, at the levels of porosity employed,
produced a smaller drag reduction than with solid
pangls.

The streamlined taill (Figure 10} produced
drag reductions that were no lartger than those
resulting from the much emaller rear panels. The
drag reduction for the straight truck was
8 = 0.071 with just the first two elements of
the tail installed and only increased to 0.074
with 21l six elements,

A& few Reynolds number runs were performed
with several of the optimum congigurations, up to
& maximum of about Re, = 2 x 10°, No influence of
Reynolds number up to this value was found, except
for leading-edge radius effects with the rounded
front faces.

& comparison of some of the major methods of
truck drag reduction is made in rhe graphs of
Figure 37. The corresponding wind-averaged drag
coefFiclents are summarized in Table B, While the
rear—edge modifications do not give the largest
drag reductions, they provide a useful improvement
and should be simple to implemsnt.

The side force and yawing momeot ceefficients
for the same four configurations of truck and
tractor-trailer are shown in Figure 38 and
Figure 39, respectively. Only these aerodynamic
components ave shown because of their influence on
cross-wind response. Relling moment, ia =ll
cases, reflects the changes exhibited by side
Eorce.

Side force 1s reduced with the rvear panels
and, surprisingly, yawing moment becomes more
postive indicaring a forward shift of the centre
of pressure of side Eorce. The center of pressure
location at small yaw angles can be chtained
from:

%o/ YKy = Cyy y/Cs 4 7y

where the aerodynamic coefficient slopes, Gy,

4 M, 9
and Cg 4 are given In the inset tables of
Figured 38 and 3%, The yaw angle range over which
the linear least squares fit wag applied to obtain
the slepes 18 given in pasrentheses in these
figures. The centre of pressure shift was found
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FlG. 37: COMPARISON OF METHODS OF DRAG
REDUCTION ON BOTH TRUCKS

TABLE 8

COMPARISON OF DRAG-REDUCTION TEGHNIQUES

GMC Tractor
Configuration

& ACp
Standard 0.969 -
Rear bevels {457 mm, 16°}  0.930 0.039
Front facae radius 0.800 0,069
Deflector 0.8e0 0.079

Ford Trucl
éD &C‘:D
0.775 -
0717 0.058
0615 0.160
0.687 0.078
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to be 573 mm forward for the truck and 936 mm
forward for the tractor~trailer, The forward
shift on the stralght truck is statically
destabilizing in cross winds, although this effect
is minimized by the side force teductlon. No
similar comment can be made regarding the changes
to the tractor-traller as separate force and
moment measurements on both cak and trailler would
have been necessary.

Bevels on the rear side and roof edges were
used on the low-drag bus referred to in Figure 30.
4 wind~averaged base drag ceefficient reductlon of
(.070, or 48 percent, was measured for the bus
with a 500 mm long (% = 0.177), 20° bevel. This
agrees reasonably well with the rounded-front,
straight=truck date of Figure 36 and suggests that
the straight-truck data might be sufficiently
general to apply to other vehirles.

CORRELATION WITH FULL~SCALE ~ At the same
time that Ford performed the front-edge rounding
studies they also tested one radius on the rear
top and side edges, with the same radiug fitted to
the front edges. The radius used was 234 wm,
glving n = 0.108 for the front edges. The rear
radiugs was a guarter-round set into the rear side
and top edges, giving ¥ = 0.147 and 6 = 45%, The
drag reduction provided by the rounded rear edges
was:

ACD(¢=0°} = 0,063

This compares reasonably well with the value found
in the current tests for £ = 0,122 and 8 = 30°
{the largest angle tested) of:

ACH{¥=0°) = 0.040

The differences 1n panel angle should not
invalidate this comparison because the drag
increments are neatly constant wilth curved rear
panels for panel angles greater than 20°. Thage
data, then, indicate that the levels of drag
reduction found in the model-scale tests should be
expected at full-scale.

CONCLUDING REMARKS

Methods for the aerodynamic design of the
front and rear edges of box—-like vehicles, such as
truck bodies, vans, buses or rail vehicles, have
been presented. The techniques discussed are
hased on wind tumnel tests and employ simple
rounding of the front edges and bzvelling or
rounding of the raar edges. Comparisons of the
model~scale measurements wWith limiked full-scale
measurements om a straight truck in a large wind
tunnel show an encouraging level of agreement.
These methods are capable of lowering the aervo-
dynamic drag as much or more than many other
techniques and result in lictle loss of vehicle
valume.

FRONT EDGE DESIGN ~ A design method has been
daveloped to determine the edge radius required to
minimlze aerodynamic drag according to vehicle
size, operating Reynolds number and maxlmum
expected yaw angle. A univarsal eollapse of the
edge-rad{us-Reynolds~number behaviour in
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Figure 26 can be used for this purpese. The size
and operating speeds of contemporary road vehicles
will usually place the edge Tadius at a value
below the threshold optimum non—dimensional value
of n = 0,063 and s0 the inset graph in Figure 26
will most commonly be used. Correlation of
detalled-model and full-scale observations of
front-~edge-rounding behaviour suggest that

Figure 26 may be conservative in that it predicts
the need for somewhat larger edge radii than
appear necessary. This could be caused by flow-
tripping effects due to the impingement of flow
From other components ahead of the main body.

With this in wind, a non-dimensional edge radius
of n = 0,063 may be adequate for all purpeses.

Two examples were presented that ahowed wind-
averaged drag coefficient reductions of about 0.08
for a tractor-trailer and 0.16 for a straight
truck.

The data were developed on a simplified body
at one height-to-width ratio and at one height—to-
length ratic, and so should be employed with
caution until more supporting data beceme avail-
gble, possibly through testing a Eull scale
srraight truck in the 9 m % 9 m wind tunnel of the
Narional Research Council of Camada. However, tha
information presented offers the most complete
investigation of front-edge rounding on sutrface
vehicles published to date.

Studies of simple rounding are only the
beginning of the develcpment of leading edge
shaping. It is possible that other shapes,
elliptical edges for example, can produce similar
savings with even less intrusion into the bedy,
and this suggests a worthwhile future study. In
addition the investigation of boundary layer
energizers, like the vortex generators often used
on aireraft wings end tails, might permit attached
flow at radii smaller than the optima reported in
thlis paper.

The front-edge rounding data also suggest
cthat the minimum test Reyno%ds number needed is of
the order of Re, = 2,0 x 107, coneiderably higher
than the current SAE Recommended Practice
requires.

The uses of computational methods would be a
powerful adjunct to additional experimentation.

In this vein, the measurements presented in this
paper should provide a useful test case for some
of the computaticnal codes now belng developed.

REAR~EDGE DESIGN - The reduction of base drag
through the simple expedient of rounding or
bevelling the rear of a straight truck body or
traller was demonstrated. It was Eound that the
pevelling was slightly superior in perfarmance to
the radius, as shown in Figure 36. The bevel
could be produced equally well by a chamfer on the
sides and the top of the body or by angled
extension panels on the sides and roof, with a
marching horizontal panel at the bottom to close
the cavity so formed. These panels could elther
be fixed, or could be arranged to fold with the
doors. It was discovered that the best panel
angle was 10° to 15° from parallel to the roof or
sides of the vehicle, depending on vehicle
conflguration, panel type, and panel length.

Panel lengths greater than 0,18 times the
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square~root of the hase area offered little Gy body—~axis yawing moment coefficient;
edditicnal drag reductiom. Panels only cne-third YqucAw

this length, 0,06 times the square—root of the

base area still produced about one—~half the drag Cg v side force cpefficient curve slope;
reduction of the longer panels. The longer panels ! dCg/dys deg

produced a2 wind-averaged drag-coefficient
reduction of $.058 for a straight truck and 0,039 Cr v rolling momeni coefficient curve slope;
\ b

for a tractor-trailer. The long panel would be dCYM/dﬁ; deg

about 450 mm in length on a typical straight truck

and, at an angle of 15%, would only intrude into Cypm W yawing moment coefficient curve slopes;

the body sides and roof by 116 mm. The short ! dCypy/dy, deg

panel of 130 mm would only intrude 39 mm. The

curved panels would intrude less in each case. D serodynamic drag force; N (Figure 4}

This concept has already been =pplied

successfully on a truck body and a bus. Its d body diameter; mm

simplicity and sffectiveness recommend it even at

shallower than optimum angles and at reduced g diameter of roughness or grit particle;

length, where body intrusion 1s negligible. mm

NOTATION h overall height of vehlicle above ground;
mm

A total frontal area at zetro degrees yaw L overall length of vehicle; mm

angle; reference area used to non-
dimensiona&ize aercdynamic forces and
moments; m

lift force; N

L rear-edge panel length; mm (Figure 9)
A cargo carrying body reference area; used - .
b - 1 th; L/Y&
to non—dimensionalize fromt—edge radil and * non-dimensional rear panel length; £/ b
rear panel lengths; values at front and B¢>y,V) the probabllity of exceeding a given yaw
rear of body assumed equal; same as Eotal angle, %, at a Toad speed of V km/h
frontal area for rectangular bhody; m gies W Fj
d hi enty N N
Cp body-axis drag coefficient; D/q A Pi aerodynamic pitehing moment; -m Eg
Cy base drag coefficlent; drag coefficlent 9 ?ea%urEd test section dynamic pressure; ©
' Vv
b resulting from base pressures P
c neasured wind-axis drag coefficient 4. test~sectlon dynamlc pressure corrected
D, g for blockage {eq. (1))
uncorrected for blockage
T wind~averaged drag coefficlent; a function T front-edge radius; mm (Figure 3)
of road speed and assumed wind conditions
that attempts to account for the Re, Reynolds number referenced to ﬂﬂ;
aceurrence of varylng yaw angles and wind VJKgf“
speeds on the rtoad.
(ReA)t transcritical value of Reynolds number
aCp increment in drag coefficient; the drag referenced to JK;
coefficient differance between a basellne
{standard or rounded front) and a modifted Reg Reynolds number referenced te diameter;
configuration; positive for drag vd/v
reductiong CD - CD
base modified Re, Eeynolds number referenced to radiusj Vr/v
AED inz;;:e:t tn w%nd—avera%ed drag (Rer)t transcritical Reynolds number referenced
co clent; -
’ Dhase Dnodified to radius
Cq, hody~axis 1ift coefficlenmt; L/q, 4 RH aerodynamic rolling moment; Nm
Cpyg body-axis pitching moment coefficient; S aerodynamic side force; N
: PM/q Aw
v wind speed; m/s
Cay body—axis rolling moment coefficlent;
RM/aq Aw v, design road speed for leading-edge radius
estimpation; mfs (eq. (5
Cg body axis side force coefficient;
Cs/ch W welght of vehicle; N
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W vehicle maximum width; mm (m when used to
define aervodynamic coefficients)

%y distance of leading—edge of model
downstream of groundboard leading-edge;
mm (Figure 1)

xg distance of moment reference centre for

8 body~axls co-ordinates downstream of
vehicle leading-edge; mm (Table 2)

X, location of centre of pressure of side
force relative to co—ordinate origin,
positive forward; m

X, distance from leading-edge to flow
reattachment point; mm

y distance on front face of roughness strip
centre—~line from body edge; mm
(Flgure 24)

™ aerndynamiec yawing wmoment; Nm

9 angle of rear panel {chord for circular
arc); deg (Figure %)

v kynematic viscosity of alr; 1.458 x 1072
m?s | at STP

n non~dimensional leading-~edge radius;
r/JK;

Topt optimum or best value of n; provides
lowest drag at least radius

¥ vaw angle; deg {Figure &)

by maximum value of yaw angle for which
attached flow 1s required; deg
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A wind tunnel-test was performed to evaluate the-aerodynamic drag of seven front-end
shapes and 2 rear-end shapes for an intercity bus for Motor Coach. Industries .. The front-end
shapes repressnted ths current production bus - the CJ3, three competing buses, and three new
designs. The rear-end shapes represenisd the current production bus and a new design. The

wind tinnel measurements demonstratad that the best combination, consisting of the new rear
plus the Proposal 1 front, produced a reduction in wind- averaged drag coefficient of 41.5%
compared to the standard €J3 configuration. This drag reduction is equivalent to-a fuel saving of
8.75 litres for each 100 km traveled at a sieady speed of 90 km/h and 14.83 litres for each
100 km travelled at 120 km/h. The new configuration had. a lower drag coefficient than the
three competitors. ‘

RESUNME

Un essal en soufflerie a é1é réalisé pour évaluer la trainée aereadynarmque de sept
formes d'avant et de deux formes d'arridre d'autocar pour Moter Coach Industries. Les formes
de Tavant étalent celles dun modale de série {le CJ3), de trois modeéles concurrents et de trois
nouveaux modaies. Les formes de l'arfigres étaient celies du modéle de série et d'un nouveau
modéle. Les mesures ont permis de constater que fa mailieure combinaison, soit le nouveau
modéle d'amridre avec le projet d'avant n® 1, produlsait une réduction de 41.5% du coeificien!
de trafnde pondéré en fonction du vent par rapport &'la configuration CJ&. Cette réduetion
représente une éconamie de carburant de 8,75 litres powr 100 kilométres parcourus & une
vitesse stabilisée de 90 km/h et de 14,63 litres pour 100 kilomatres parcourus & une vitesse
stabilisée de 120 km/h. Le coefficient de trainée de la nouvelie contiguration était plus faible
que celui des trois modeles concurrents.
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1.0 INTRODUCTION.

Aerodynamic forces and moments have an imporiant influence on the operation of a high-
speed, intercity bus. Aerodynamic drag absorbs a significant proportion of the engine power
required at spoed, thus affecting fuel consumption and passing acceleration, The asrodynamic
side forcs, rolling momant; and yawing moment are important to handling because they provide
a disturbance that deflects a bus from its path.in the presence of side winds or passing vehicles,

A wind tunnel investigation was petformed in the 2m % 3m wind tunnel of the Applisd
Aerodynamics Laboratory of the National Research Council to evatuate the influence of these
parameters for a new bus designed by Motor Goach Industries, Winnipeg, Manitoba. The wind
tunne! program was eonducted with a 1:10 scale model of the bus and the purposes of the wind
tunnel tests were:

1} to investigate alternative front-end and rear-end designs o determine
which provided the lowest aerodynamic drag,

2} to determine the effect of mirrors and other deiall modifications on the best
front and rear combination from {1},

37 to compare the acrodynamic performance of the best combination with
several competitive buses,

4) to estimate the fuel savings provided by the new design, reiatwe to the
current production bus and to the competition.

2.0 WIND TUNKNEL SIMULATION

The wind tunnel simulation provides an approximation of the environment encountered

by a bus moving along a road [1]1. In the wind tunnel, Figure 1, air is blown over a model
mounted above a fixed groundboard that is specially-cesigned to simulate the effects of ths road
surface over which the real bus moves. The accuracy of the wind tunnel measurements will be
functions of several parameters, the most important of which are the test Reynolds number, the
fevel of model detail, and the effectiveness of the ground simulation. The lsvel of modal detail
and the fixed ground plane will produce small errors In the absclute values of the measured
aerodynamic forces. For example, the smeoth mods! surfaces and fixed groundboard will cause
the mods| drag measuremanis to be lower than for the il -gcale bus. However, the differences
in aerodynamic forces between any two configurations will not he influenced by these factors,
Thus, the wind turmel will be an accurate predictor of the changss between configurations and,
therefore, provides a poweriul tool for the aerodynamic optimization of & new bus design. The
measured aerodynamic changes can be used 1o provide accurate estimates of the performance
changes producad by any shape modification,

Many small details like side window framing, break lnes in the bady surface, wheel
rotation, and heat exchanger dirflows were not included in the model because past experience
has shown that their effects were small and did not affect the aerodynamic differences measured

t Numbers in square parentheses indicate references to be found following the main

body of the text.
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‘between major configurations. Previous wind tunnef tests have demonstrated that the measurad

aerodyhamic changes correlate well with road’ measurements for cammercial road vehicles [2).
in summary, the wind tunnel's main strength comes from its ability to predict the differences
ot incremeants between the various fest conﬂguraﬂons Thus, sven though @ mode! might have
simplifisd surface detaiting, accurate drag differences between: configurations will be obfained,
and the wind tunnel will permit the reliable selection of the best asrodynamic configuration. In
fact, the wind tunnel can provide much more accurale measurements of small aerodynamic
changes than is possible from road tests.

The datax measured in the wind tunnel need to be extrapolated to full scale. This requires
a method of converting the measuréd forces and moments from model scale to full scale - done
through the concept of the aerodynamic coefficient - and a mechanism for incorporating a
realistic interpretation of the wind environment in which a road vehicle operates - providad by
the wind-averaged drag coefficient. These items, as well as the effects of Reynolds number, will
be discussed in the following sections.

2.% Reynolds Number Effecls

The Beynolds number is i?’la-aerodynam:ic similarity parameter, defined as

Re = 1.9x10" Vw (1}

where YV, = resultant airspeed due to combined wind and vehicle motion, equal to the
wind tunnet test spesd, km/h.

w = characteristic langth, chosen as the maximum legal width, 2.68 m fusl]

scale, 0,258 m. model scale.

ideally, the Reynolds number should have the same valug in the wing tunnef test as for the bus
on the road to guarantee that the two flow fields are identical. This is not possible with a 1:10-
scale mode! because the required test speed is approaching a speed where supersonic effects
become -significant. Fortunately, it tums out that the Reynolds number must only be high
enough 1o guarantee that the boundary layers on the frant face of the model becomes turbulent

betore reaching the front edges, requiring a Reynokds number of only 1.0x10% o 2.0x108 [3],
campared to the full-scale value of 5.0x10% at 100 km/h. The present tests were run near the
maximum speed of the wind tunnel, providing a test Reynolds number of 1. 4x105, 28% of full

scete. at 100 km/h.  This is sufficiently high for the majority of the tests, although  flow
tripping may be required for some of the smalier edge radi [3] o ensure full-scale behaviour,

2.2 Extrapolation te Full Scale - The Aercdynamic Coefiicient

The measurements of agrodynamic force and moment made on the bus ¢an be convertad to
a dimensionless form that are independent of model size and fest speed, and are only a function of
mode! shape and Reynolds number. This is done by dividing the measured forces and moments by
referance forces and moments that are related 1o the tes! airspeed and (o the model size. Taking
drag as an example, if the drag foree is divided by a refergnce force formed as a product of the
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test airstream pressure, the reference dynamic. pressure, and a model reference area,
commonly chosen to be the frontal area at zero yaw angle, then the drag coefficlent is defined as

Cp = {LJ = D (2}
95l la.8s58x102 pVP A

where D = aercdynamic drag force, N.
(3.858x102 pV,2) dynamic pressure; Pascals

p = air density, 1.226 kg/m® at S.T.P,

A = refefence frontal area, 8358 m2 full scale, 0.08358 m* model
scale

if

Equation {2) has uhits of NJN., and so possess no-dimensions. The full-scale drag value can be
caicutated from the same re[anonshfp, at any full-scale airspeed; by substitution of that
airspeed, the full-scale frontal area, and the measured, model-scale drag coefficient into the
inverted equation,

The moments are non-dimansionalized in-a similar fashion, except that a reference
moment is required in these cases. This moment is based an the reference force defined above,
timas an arbitrary moment arm that is commonly chesen to be the vehicle wheelbase, which is
taken here as the distance between the front axle and the drive axle. Using yawing moment as an
example, the yawing moment coefiicient is defined as

Cn ﬁ[ N ] = N } (3}
94b) |8 858x1072 V2 b

=
i

aerodynamic yawing moment, N-m.
reference length, chosen as wheelbase, 7.225 m. full scale, 0.7228 m.
model scale,

where

o
H

The other two force coslficients - litt and side force - and the other twe moment coefficients
pitch and roll - are defined in exactly the same way.
2.3 Effects of the Natural Wind

Ths Earth's surface winds blow with random magnitude and darectton relative to the
direction of motian of a bus, causing random, time-varying changes in the resultant velogity

vector af the bus. The main effact of the wind, from the perspective of the wind tunnel flow

simulation, i& to produce a non-zerd yaw angle at the bus. This angle can be simulated in the
wind tuhnel by rotating the model about a vertical axis, relative to the direction of the
approaching airstream. The resultant velocity vector produced by 2 combination of wind and
bus motlon is shown in the vector diagram: of Figure 2, and jts dirzction and magnitude can be
caloulated from
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4
S ivVlsin
y = tan ¢ “{ W b}s ﬁ] 1 deg. {473
[1+ ViV foost] |
and
o 11{2
v, :vbi 1 (MwiVp)” + 2Vy/Vpleosy f km/h. {8}
wherg ¥ = wind-induced yaw angle, deg,
¢ = wind direction relative to the direction of: bus maotion, deg.
Ve = wind speed, kméh.
Vb = bus road speed, Km/h.
Vy = resultant airgpeed, km/h.

An axample of the effect of the natural wind on the yaw angles encountered by a vehicle
operating at constant speed is presented in Figure 3. This graph shows the probabifity of
éxceeding a given yaw ange al a road speed of 90 km/h and it can be seen that the yaw angle
induced by the wind is at or below 9° far 90% of the time, A highsr road speed reduces the angle
range while a lower road speed increases it '

The random variation of the resultant velocity vector means that no single yaw angle
represents the average drag of a bus on the road and that the resultant airspeed is almost never
equal to the road speed, The typical drag level on the road consists of a weighted average over the
yaw curve, where the weighting miust reflect the probabilistic effects of the wind. The congept

of the "wind-averaged” drag coefficient, Cp{Vp), has been developad to quantify these wind

effects, as defined in the SAE Recommended Practice for the Wind Tunnel Testing of Trucks and
Buses [4], and as discussed in [5]. The wind-averaged drag coeflicient is defined as

2%

s
Cfvy) = 51_ J! -cdl;:;[v,,_.wb]‘? dp = L c_dw[1 " (_11.;'%)2 + 2-{11f'vh}-<:os¢] de (8}
%o

T In

The wind-averaged drag coefficient is obtained by averaging the drag cogfficient curve
over the range of yaw angles produced by the national annual average mean hourly wind at bus
mid-height of 11 km/h, assumed to blow equally prabably fram ali directions, weighted by the
ratic of the reaultant speed to the road speed, (V/Vp)?, 1o convert to the road speed of the bus
as the reference speed. The use of this single wind speed and the equally-probablé directional
assumption are well supported. by meterological data averaged at 32 sites across Canada. In this
fashion, each drag-coefficient-versus-yaw-angle curve is reduced to a single, weighted,
average, drag ooefficient for evary road speed, Vi, greatly facilitating data somparisons and
providing a meré meaningful number for the estimation of global fuel usage. The wind-averaged
drag coefficient also simplifies the computation of bus fuel consumption of speed performance
since the road speed is now the reference speed, rather than the varying, resultant airspeed,
whose effects are now included in the drag coefficient. The wind-averaged drag cosfficient
represents the avarage performance of many buses cperated over the antire country for a fong
period of time, The average drag coefficients for specific regions and specific seasons waould
differ from this vaiue.
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As the road speed varies, the yaw angles produced by the mean wind will change. At low
bus speeds, V, will be Increasingly larger than Vp (squation 2} and the maximum yaw angle

(equation 1) will increase also. Beth of these trends will increase Cp(Vy,) as Vp decreases, The

change in ©p(V¥n) with road speed can be conveniently related-to the valus at 90 knvh, a common
maximum legal speed, by

ColVy) = Cteos [eorv,)®-22

{7}

This equation is a fit of the wind-averaged drag coefficient between 70 km/h and 12C kmih. and
slightly under-predicts the wind-averaged drag coefficisnt below 70 km/h. The wind-averaged
drag coefficient Is now based on the [cad speed, Vb, and the wind-averaged -aeradynariic drag s
given by

D(vp) = 8.858x10 2pvE (Cp(vp)-al (8)
Ths variation of the wind-averaged drag and of wind-averaged drag coefficient with changing bus
road speed ars emphasized by explicitly indicating their functional depandence on Vb

3.0 EFFECTS OF AERODYNAMICS ON PERFORMANCE

Aerodynamic forces and moments can affect several aspests of the perfermance of a bus.
Aerodynamic drag is a major componant of the total resistance which must be overcome by the
engine. Thus, it will have an effact on fuel consumption and on high-speed acceleration. As
praviously mentioned, the aerodynamic side force and yawing moment produced by the action of
the natural wind or adjacent vehicles, and to a lesser extent the associated aercdynamic roling
moment, can defiect the bus from its intended path. The agrodynamic lift and pitching mornent
cause a change to the vertical reaction forces af the wheels, typically reducing the load on the
front wheels and increasing the load on the rear wheels. These latter effects are so smell for a
bus, compared 10 passenger and cargo weight changes, that their effects can be ignored. The
other items will be discussed In the following sections.

3.1 Fuel Consumption

The fuel consumed by the engine is directly proportionsl to the total tractive effort

reduired to propel the bus at a-giver speed. The iotal resistance that the engine must overcome:

at & constant speed is composed of the following major elements:

- rolling resistance due o tires and wheel bearings,

- diive fine losses in transmitting engine power from the fiywheel to the drive
wheels, '

- grade resistance due to climhing or descending hills,

- cornering resistance dué to increased tire ralling tagistance in corners,
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parasitic losses due to pumps and fans,
aercdynamic drag dues to an interaction between the moving bus and
the windy atmosphere.

At speeds above 80 km/h, the aerodynamic drag becomas the largest compenent of
propulsive power. For example, at a consiant spead of 90 km/h on a fial, straight read, it is
estimated by equation {15) that 40% of the fuel Is cohsumad by aerodynamic drag, 30% by
roling resistance and 30% by accessories for the standard MGl £J3 bus (Fig. 5}. At 120
km'h. the aerodynamic component of fuel usage increases to 52% of the fusl consumed. Even i
the terrain is curved and hilly, the aerodynamic drag will consume the same amouni of fuel as
on a fiat rcad at the same average speed aithough, because of the addiional fusl required for
corners and hill efimbing, the percentage of the total will be reduced. The aercdyriamic drag on
a bus i primarily due to refarding pressure forces - positive on the front end and negative on
the rear end. Smaller additicnal contributions are made by skin friction and parasitic losses

-gue to exposed running gear, miscellaneous protruding frames, and underbedy roughness.

The power at the drive wheels required to propel the bus at a road speed of Vi km/h can
he written as

P(Ub} = §MI k. {93
o i 3600

and the corresponding engine power is

Po(Vp) = [ELQ‘;’.@L& +Py kw. (19)
| 3600 n
where n = transmission efficiercy factor, assumed to be 0.85 for a sigle drive
axts
Py = powear used by the accessories, kw.,

Bi{Vb} = total resistance fo motion, aerodynamic drag pius rofling resistance, N.

The rolling resistance, B, can be representad by

R e {EIE o aEV;}}'M N, {1.1 }
whare Ve = road speed, km/h,
M = bus mass, kg.
a8; = roling resistance coefficients

Typical values for the twe rolfing resistance constants for radial truek or bhus tires are

4

ay = 5.3x70°°  Nikg. and as = 4.0x107 N-heikg-km. (12)
H i
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7

The accessory power requirements ere difiicuit to determine, Part of the accessory load
will be variable, even at constant rpm, duse to fluctusting demands for electrical power and air
conditioning. Other components of this foad, such as power to the cooling fan, wif be rpm
dependent. A single finear dependence of aceessary, power requirements versus road speed was.
assumed as an approximation to the actessory power demand. While the assumned power function
will probably under-predict the accessory power requirements at Jow speeds, in the
intermediate gsars, it should provide a reasonable full-lcad estimate at higher speeds In top
gear, where asrodynamic effects are dominant. Thie following function was assumed for the
accessory power requiremants as a function of angine power lavel and road speed’

P, = Pol7.70x107 & 1.50x1073 Ve k. {13)
whete P, = engine power rating, kw.

Substitution of equations {2}, (7), {11} and.{13) in equation {10} gives the total engine
powsr as '

<2 -8 .
{5(30){10 + 4.00x10 Vb)MVb 3.358){10-‘29\;3 {GD(VE})' ,ﬁ,,}

.
3600 n 3600 1

Ee(vb} =

3 . 1.50x10°, ) (14)

+ [PO-( 77010
Nots that the wind-averaged drag coafficient is used in the asrodynamic drag aquation in place of
the regular drag coefficient, so necessitating the use of the road speed, Vp, in the calculation,
instead of the resultant airspeed. The three major terms in equation {14) are plotted In Figure
4 for the standard CJ3 configusation. The wind-averaged drag coefficient used was the speed-
dependent wind-averaged drag coefficient, equation {8). The drag coefficient at 90 km/h was
0.732, the frontal area was 8.36 m2, the assumed bus mass was 18500 kg, the engine power
was 300 kw, and the transmission efficiency was 0.85, The fusl consumed at a given power
leve! is obtained by using the specific fuel consumption of the engine. A ugeful average value,
characteristic of turbo-charged diese! engines, is SFC = 0.278 2/kw-h {0.045 Imp. galhp-h

or 0.38 Ibfp-h). The fuel consumed per 100 kilomelres is given by

y = [%1 = 275 [E_&] 2/106-km, (15)

Vo ] Vi

Combining equations {14) and (15), the wind-averaged bus fust corsumption, u{Vy), can be
expressed in terms of vehicie size, mass, road speed, and wind-averagad drag cosefiiclent by
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8
1.48 + 1.1001072v, M | 2 = ]
B b: 1.081pVE {Cg{"u’b}-}!\}
u(Vp} = T : E
3600 7 é 3600 T, |
L ;
+ {Pc-(giigglﬂ—_ + 4J3x10*2)] 2/100-km. (16)
'Ih

Inverting the fuel usage calculated from equation (18) and dividing by 100 will give the fusl
consumption in km/2 , Equation. (16} shows that the fual éonsumed by aerodynamic drag varies

directly with the frontal area, the drag coefficient and with the square of speed. The iatter
variation is the.reason for the importance of aerodynamic effects at higher speeds. The primary
agrodynamic parameter is the product of drag coefficient and frontal area, C_D.{Vbjr A, often
termed the drag-area. The fuel consumed by rolling friction is enly a weak function of speed,

being approximately proportional to ng . The three terms of equation {18} are plotted in
Figure 5 and the refalive importance of the kel consumed-to overcome aerodynamic drag &t high
spead is evident. The change in fusf consumption die to a change in asmdynamic drag is given by

an(Vp) = 2947x107 v (aCptvp) Al 2/100-km. (17)

where 4Cp = Cplreference) - Cp(modified) is the difference in wind-averaged drag coefficient
between the criginal and the modified configurations. This equation will be used freguently to
computs fusl savings In the discussions that follow,

3.2 Cross-wind Handling

The deflection of the bus from it's path under the influence of side winds cannot be
computed simply from aercdynamic force and. moment measurements alone, but must be
obtained frem a dynamic analysis of the bus and its driver. However, & is possible to make a
few general statements about the stafic directional stability of the bus as a guide to agsessing the
gualitative efiects of changes in the lateral asrodynamic forcas and moments. The lateral
aerodynamic quantities that affect cross-wind handling are comprised of the side force, the
yawing moment, and the rofling moment, and are defined in the sketch of Figure 6.

The side force and the yawing momeni have the sirongest effect an the lateral deviation of
the bug from its path when acted on by a side wind, with the yawing moment being the mast
imporiant parameter. The refling moment is & second-order parameter through the influence of
rofl angle on rolitinduced steering - a function of the suspension. design.

The side force and the yawing moment both act fo deflest the bus away from the direction
of the incident wind and are, as a consequence, staticelly destabilizing (weathercock unstable),
If the driver takes no corrective action, the bus would leave the road. The side ferce and the
yawing moment are coupded; since the side foree, acting at some point along the length of the bus
termed the yaw centre of pressure, can be considered to have produced the yawing moment.
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Similarly, the side force and the roliing motnent are coupled, except that the roll centre of
prossure is measured vertically from ihe co-ordinate reference centre at ground level,

The side force variaion with yaw angle is nearly the same for most bus configurations
while the yawing moment varies more with bus shape, Effectively, the yaw centre of pressure
moves forward of rearward along the length of ihe bus as the front.and rear shapes are changed.
A biuff body, like a square-edged rectangular block, has a yaw centre of pressure at the mid-
length point of the body. A streamiined shape, like an aerofol, has the yaw centre of pressure at
a point one-quarter of the aercfoil length aft of the leading adge. A bus, being well strearnlined
at the front end, may have its centre of pressiire even farther forward, As a bus becomes more
streamiined and develops lower aerodynamic drag, so its centre of pressure moves forward, and
the bus becomss fess weathercock stable. Simply put, it blows aroind morg In the wind. Again,
witheui & complete dynamic analysis, it is impossible to quantify the degradation in crogs-wind
handiihg. However, thare is an anscdotal measure of this. effect available.

It was reported by MC| engineering.staff that & few drivers have commentad that the MCH
CJ3 bus is better handiing-in & cross wind than the Prevost H3-40. 1t appears that only some
drivers have noticed this handling difference, and they say thai it is not large. Thus the
aerodynamic differences between these configurations, both of which were tested in this
program, define the boundary of a just-perceptible threshald in yawing moment change or,
squivalently, yaw centre of pressure movement. The centre of pressure location for a small
range of yaw angles near zero yaw can be cbiained from the ratic of the slope of the yawing

moment coefficient curve divided by the slope of the side force coefficient curve. Analytically, =
this is expressed as N
(Xepft) = [d_———wc“’d“'} (18)
dCgfdy
where Xep = location of the centre of pressure ahead of the chosen moment centre at
the mid-whaelbase point, m. _
b = reference length, 7.225 m.full scale, 0.7225 m. model scale
dCn/dy = slope of the yawing moment coefficient yersus yaw angle curve for the
yaw range betwean £3°, deg."
dOgfdy = slope of the side force coslficient versus yaw angle curve for the yaw

range between +3°, deg.”!

Ths locations of the yaw centres of pressure for the two configurations just mentioned,
measured forward from the mid-wheelbase point, were found'_t’o be

CONFIGURATION (Xep)
MCE (#37) 2.06 m.
Prevost (#63) 2.29 m.

Thus a forward, destabilizing movement of the centre of pressure of about 0.23 m. is just
detectable by some drivers and several times this change might be acceptable.
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4.0 TEST PROGRAM

The primary purpose of the wind tunnel test program was to select the front and rear
end shapes from the new proposals that gave the lowest asredynamic drag, while a secondary
purpose was the comparison of the best of the new praposals with the currant MCI bus and with
buses from competing manufacturers. At the same time, the remaining aerodynamic forces and
moments were measured so that their effects on stability and cross-wind handiing -couid be
assessed. Both smoke and a suriace oif film were used to visualize: the fiow over and on the
surface of the best combination. The est program is summarized in the Run Log of Appendix 1,

4.1 RMeodel Instaliation

A 110 scale model of the bus chassis was maounted on the standard NRC vehicle ground
plane, Figure 1. The model accurately duplicated the external geomeiry of the bus. The seven
front-end shapes, one of the two rear-end shapes, and the body side and roof panels were
rumerically milled from mahogany. The second rear end was manufaciured using sterso-
lithography. The body components were attached to chassis and running gear manufactured from
alurminum.  The model included such deiails as fenders, wheels and whesl wells, drip rails,
escape hatchas, and mirrors. No internal flows, air intakes, underbody roughness, engine bay
openings, or window frames were reproducad, The former were exciuded because of the
difficulty of representing cooling flows adaquately at made! scale and because their effects would
be the same for each configuration, and the lalter bacause the frames were so shallow as to be
unimportant and the other openings werd too complex and, once again, would cause no relaiive
difference between configurations. The external surfaces of the model were smooth and |eak-
free, representing flush windows, doors, and seals. The front and rear faces of the bus could be
teadily removed to permit the lesting of aitermate components.

The bus was conhected o the six-component, mechanical balance of the wind tunnel by
ping exlending from the standard model-mounting plate, through the groundbeard cover plate,
into the frent and rear tire contact patches, This provided an aerodynamic-interference-free
mounting. The six balance oltplis were averaged digitally over a 10 second period at repetition
rates of 20 samples per second per channel to form stable averages with an overall measuring
accuracy of $0.5%.

4.2 Model Cenfigurations

The wo prolotype front-end shapes had been desighed to provide good sercdynamics
through & combination of windshield slope, face curvature, and edge rounding, within the bounds
of aesthatic, engineering, and operational requiretnents. The other five front ends included the
current MC| CJ3 production bug-and thres competitors designs, One alternate rear-end shape fo
the standard was tested, based on the optimal-design information presented in [31 The effect of
additienal components such as drip reils, escape hatches, and mirror shape and location were
also invastigated. The bus model was designed to permit the rapid evaluation of alternate front-
end and rear-end designs through the use of removable components. The model chassis, the
seven front ends, and the wo rear ands that were testad are shown in the drawings of Figura 7
and the photographs of Figure 1. A complele set of photographs of ali of the model configurations
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tested is presented in Appendix 2.

The front-end shapes consisiad of the following:

i)} Standard CJ3 The standard CJA front including all window
_ ‘moulding details.
2} Smooith CJ A modified CJ3 front with larger edge radn
and fush glass.

3y Proposal 1 A new design with flush glass.
4} Proposal 2 . A new design with flush glass.
5} Prevast HZ-40 Compatitor.
6 ) Mercedes 0404 Competitor,
7) Setra 8315 Competitor.

The rear-end shapes consisted of the followlng:
1) Standard GJ3 Top and sidag parallel to the top and sides of the

main bus with 204 mm rear-edga radii.

2 ) Beavelled Rear Foof and sidas of the body bavelled at an angle of

15° to the main panels over the last 1m of the body
with rear-edge radii of 51 mm,

4.3 Definition of the Measurement Codrdinate System

Six components of asrodynamic force and moment were measured simulianeously. The
measuraments in this report ars presented in a body-fixed co-ordinate system that is defined in
Figure 8. These measured forces and moments were reduced to coefficient form as defined in the
Notation, Section 8.0, and as discussed in Sectien 2.2,

4.4 Test Procedure

Each configuration was testad over a rangg of eight yaw angles from -3° to +12° in the
following sequence: -3,0° -1.5% 0.0°, 1.,5% 3.0° 8.0°, 9.0° 12.0° The yaw angles were
sel by rotating the model in the wind tunnel sequentially throurgh the required set of angles,
under computar conirol, and pausing at each angle sufficiently long to acquire the necessary
measurements. The yaw tests were perfarmed at a wind speed of 302 km/h {84 misec).
this spaed, the mode! Reynolds numbers were 0.34 and (.26 of those of the Tull -soale bus at QD
km¢h and 115 km/h, respectively. Additional tests were also made over a range of Reynolds
numbers at 0° yaw angle to invesfigate the Reynolds number sensilivity of the drag. Some tests
were afso run with strips of grit upstieam of the rounded front edges to ensure that the
boundary layers on the front face had gone through transition before the flow reached the edgss.

MCI - 039869

002293

002293

002293



762200

002294

12

5.0 RESULTS

The following presentations, discussions and interpretations of results focus primarily
on aerodynamic drag, although the location of the yaw centre of pressure for impottant
configurations will be pressnted to aliow an assessment of cross-wind handing changes. A total
of 37 runs were performed during the wind tunnel test. A detailed summary of these runs is
given in Appendix 1. In addition, this Appendix summarizes the wind-daveraged drag coefficients
at a road speed of 90 km/h. Appendix 3 contains a.complete tabulation of the wind tunnsl data
and Appanclix 4 presents plots of all the asrodynamic coefficients.

§.0 DISCUSSION AND INTERPHRETATION OF RESULTS

This Section presents the major findings of the investigation and summarizes these in
terms of the measured ghanges in wind-averaged drag coefficients, in terms of the expected
changes in fuel consumption that would result, and ih terms of the changes in cross- -wind
sensitivity that accompany the drag changes. The changas in fuel consumption were computad
only at 80 km/h and 120 km'hs

The best combination of front and rear components was selected from the thres new
front-end and two rear-end designs. This combination was compared in detail to the standard
MG 102 CJ3 bus and to the three competitors fram the point of view of fuel usage.

002294

5.1 Reynolds Number Effects

After the first set of measurements -were made with the seven front ends, an
exam‘inazion of the data showed an apparent ancmaly in the yaw data for the Proposal 2 front end
st yaw angles greater than +3°, whers the drag was observed 10 increase more rapidly than
would be expecied. This was judged to ke a result of leading-adge flow geparation due 10
insufficiently bigh Reynolds number for this configuration. No other configuration showed this
oifect. It was decided to trip the flow on ihis and the three other smooth, front-end
configurations - Proposal 1, Smooth CJ3, and Prevost H3-40 - to make sure that such effects
were eliminated. Fine, #40-grit parlicles were sprinkled sparsely on 0.5-cm wide strips of
glue painted on each front face, just upstream of the front edges, to encclrage early boundary
fayer transition, A typical application is shown in photodgraph P?7. A comparison of the
variation of drag coefficient. with Reynolds number at 0° yaw angle of the four, smooth-edged
configurations is presented. in Figure 8, with and without the trip sirips,

Generally, the absence of a trip results in high drag coefficients at low Reynolds
numbers, followed by 2 rapid drop in drag coefficient above some threshold Reynolds numbers
that varies from model to model. This drop results from the natural transition of the boundary
layer on the front face of each mode! from laminar to twrbuient, so redubsng the occurrence of
flow separation from ths front edges. The presence of the grit strips ensures that the How s
turbulent, causing the drag drop at much lower Reynclkds numbers. The end resull is & flow field
on the madel that is more typical of the full scale bus at its highar operating Reynokls number,
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The eifect of the flow trips an the yaw behaviour of these four configurations. at the test
Heynoids number of 1.4x10% is' summarized-in Figure 9. The measuraments with and without

“geit on the Smooth CJ3 front and the Proposal 1 front are Identical. The presanca of the trip

lowers the drag on the Prevost front slightly at yaw angles $6° and smooths the drag curve at
higher yaw angles. The flow trip had the greatest effect on the Proposal 2 front configuration
substantially lowered its drag coefficients for yaw angles above 3°,

The remainder of the measuremenis on these four configurations were made with the
trips present because they were fell to betier represent full scale.

&.2 Front-End Shape Effecis

The first set of measwrements were made to select the biest new front-end shape from the
new proposals, All the front ends were tested without mirrors and with the standard CJ3 rear
end. Flgure 10 summarizes the drag results for the new front-end shapes. It shows that all
three of the new shapes are nearly identical to each other and are better than the current WGl
CJ3 front. The Proposal 2 shape was chosen by the attending MC! engineers as the best shape
because of its good aerodynamic performance, its ease of manufacture compared to Proposal 1,
and because of [ts styling. Figure 11 compares the standard MG/ front end and the Proposal 2
shape with shapes used by the competition. Both the Setra and the Mercedes front ends have
higher drag than the standard MG| shape and much higher drag than the Prevost or the MCI
Proposal 2 shapes. The MCI Proposal 2 shape has sfightly lower drag than the ‘Prevost shape for
w<3° and Increasingly lower drag ai higher yaw angles. Table 6.1 summarizes the wind-
averaged drag coefficients, the fuel cuneumpiaon changes, and centre-of-pressure locations for
these seven geometries. Figure 12 compares the side force and the yawing moment caefficients.
The higher-drag front ends usually have the lower yawing moments and, consequantly, smaller
magnitudes for the yaw centre of pressure locations, as also seen in Table 8.1,

TABLE 6.1: FRONT-END SHAPE EFFECTS WITH CJ3 REAR

80 km/h 120 km/h
CONFIGURATION Cp 4Cp AR €p ACp AR Xgp¥
STD CJa, #19 0.584 0,658 1.95
SMOOTH CJ3, #72 0.380 0.204 5.87 0,370 ©.188 9.82 2.29
PROPUSAL 1, #69 0.367 0.217 6.25 0.360 0,198 10.13 2.40
PROPOSAL 2, #40 0.365 0.219 8,30 0.367 0.201 10.29 2.25
PREVOST, #65 0.418 0.166 4,78 0.386 0.172 8.8 2.08
SETRA, #35 0.625 -0.041 -1.18 0.601 -0.043 -2.20 1.58
MERCEDES, #22 0.820 -0.03B5 -1.04 0.598 -0.040 -2,05 1.62

change in fuel consumption, 2/100-km,, positive représents a fuel saving.

#  distance in m. forward of the mid-wheslbase point.
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6.3 Rear-End Shape Effects

The alternate rear end utilized the optimum rear body bevel angie of 15° and bevel lergth of
1.0 m full scale, as specified in [3], This geometry has the potential to reduce the base drag by
40% 10 60%, based on the data presented in [3], with the level of reduclion being dependant on
the shape of the forward part of the bus. This resr shape js.compared 1o the standard, CJ3 rear
shape, both with and without the standard, CJ3 mirrors in Figure 13, The effects of mirrors
will be discussed in more detall in the following Section. The new rear shape reduces the drag
and moves Xeq forward in both cases. The wind-averaged drag coefficients, fuesl consumption

changes, and eentre-of-pressure locations are presented in Table 6.2.

TABLE 6.2: EFFECT OF BEVELLED REAR WiTH PROPOSAL 2 FRONT

890  km/h 120 km/fh
CONFIGURATION Cg  ACp AN Cy  4Cp  an Xep®
£J3 BEAR, NO MIR, #40 0.365 0.357 2.25
BEV REAR, NOMIR, 861  0.299 0.066  1.90 0.285 0,062 3.17  2.78
CJ3 REAR, CJ3 MIR, #42  0.384 0.385 | 2.28
BEV REAR, CJ3 MIR, #53 0,839 0.055 1.58 0.331 0.084 2.78  2.80

change in fuel consumption, 2/100-km., positive represents a fuel saving.

#  distance in m. forward of the mid-wheelbase peint,

6.4 Mirrors

The effecis of miror shape and position were investigated for the Proposat 2 front with
the G423 rear. Three sets of mirrers were fabricated - the current MCI design, the Frevost
dasign, and the Setra design. The Setra and Prevost mimors were mounted in ane position only,
photographs P13 and P14, while the MCI mirrors were mounted with three alternate positions.
Thaese positions were forward, aft, and asymmetrical, as shown in photographs P11, P12, and
P16, The asymmetrical configuration is more represeniative of real operation, where the ieft-
hand mirror was set more aft than the right-hand mirror, which was sst in the forward
posifion. The effect of mirror position and type can be seen in Figure 14. The addition of any
mirrar Is seen to increase the drag, with the Setra mirrors causing the largest increase. The
standard MG mirrors produced higher drag in the aft position than in the forward position,
This may be explained by the fact that the planes of the minors in the forward positions were
nearly parallel to the fow around the front, side edges, whereas they were more nearly

perpendicwlar to the flow in the aft position. The drag coefficienis for the asymmetrical

posifions were between the values for the other two positions. The Prevost mirrors provided
skightly lower drag than the MC! mirrors for w<£3® but much higher drag above this angle.
Apparently, the Pravost mitrors caused flow separation over at least part of the downwind side
of the bus. The results of the mirror variations are summatized in Table 6.3.
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TABLE 6.3: MIRROR EFFECTS WITH PROPOSAL 2 FRONT AND CJ3 REAR

80 km/h 120 _km/h

CONFIGURATION Cp A8y AR Cp ACy  ap’
NO MIRRORS, #40 0.365 0.357
MCI MIRRORS FWD, #42 0,384 -0.029 -0.83 $.385 -0.028 -2.20
MCI MIRRORS AFT, #44 0.405 -0.040 -1.15 0.398 -0.041 -3,07
MC| ASSYM. MIBRORS* 6.415 -0.050 -1.44 $.403 -0.046 -2.35
SETRA MIRRORS, #46 0.434 -0.069 -1.99 0,428 -0.068 -4.38
PREVOST MIRRORS, #48  0.422 -0.087 -1.64 0,397 -0.040 -1.84

E 3

change in fusi consumption, 2/100-km,, positive represents a fugl saving.
+ astimated as #40+{#55-851].

6.5 Miscellanedus Modifications
A series of small modifications ware mads to investigate the following:

- wheai skirts closing the sides of the wheel weils, P17, Bun # 57

- a front air dam below and behind the bumper, P18; Run # 68

- fire fairings to shieid the tires from the oncoming flow, P18; Run # 58
« rear side vortex generaiors, P20; Run # 60

- a modified drip vail, P21; Run # &1

Most of these modifications had enly small effects on the drag. Of them, only the whes! akirls
produced a drag reduction while the remainder produced no change or a drag increase. The
results of these tests are summarized in Table 6.4 '

TABLE 5.4: MISCELLANEQUS SMALL MODIFICATIONS TO THE PROPOSAL 2
FRONT WIiTH BEVELLED REAR AND ASYMMETRICAL MIRRORS

90 km/h 128 _km/h
CONFIGURATION Cp ACp  Ap Cp AGpH AL
STANDARD, #55 0.349 0.341
WHEEL FAIRINGS, #57 0.330 0.01% 0.55 0.324  (0.017  0.31
AIR DAM, 458 0,393 -0.044 -1.27 0.280 -0.038 -1.94
TiRE FAIRINGS, #5¢ £.358 -0.004 -0.23 0.348 -0.008 -0.41
VORTEX GENERATORS, #60 ©0.354 -0.005 -0.14 0.346 -0.008 -0.31

change in fuel consumption, ¢/100-km., positive represents a fuel saving.
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6.6 The Best Combination

A comparison can now be made between the best new configuration, the Proposal 2 front
with the bevslled rear, the current production MGI CJ3 bus, the Prevost H3-40 bus, the
Morcedes 0404 bus, and the Sstra S315 bus. These c¢onfigurations were composed of tha
following elements:

New MCH - Proposal 2 front, bevelled rear, asymmetrieal mimors
MCI CJ3 - CJd3 front, CJ3 rear, asymmetrical mirrors (estimate)
Prevost H3-40 - Pravost front, CJ3 rear, Prevost mirrors. '
Mercedes 0404 - Mercedes front, CJ3. rear, Provost mirrors {(estimate)
Sefra 5315 - Ssira front, ©J3 rear, Setra mirrors (estimate)

Estimates were used far the drag of most of the mirror geometres because not all of the
front-end cenfigurations were tested with the required. mirrors or mirror focations.  In each
case where an gstimate was made, the additional drag increment due to the mirror change, based
on the mirror measuremenis made with the Proposal 2 front, were added 0 account for these
mirrors on the other bus shapes. Table 6.5 summarizes the differences In drag and fuel
consumption betwesen these configurations, using the Propesal 2 configuration as the reterence.
The drag increments added to account for the incerrect mirror geometries are summarized in
the table. Thus, the wind-averaged drag coefficients quoted are these for the run indicated, ples

the additional mitror drag increment, ACD,, .

002298

TABLE 6.5; COMPARISCON OF FULLY-EQUIPPED BUSES

90 kmth 120 km/h
CONFIGURATION aCp_, Cp¥  aCp &l ACp,, ©Cp 4Cp* an Xept
NEW MO, #55 0.349 , 0.341 2.81
MGl CJ3, #37 0.010 ©.606 -0.257 -7.40 0.010 0.581 -0.240-12.28  2.06
PREVOST, i3 0.447 -0.088 -2.82 0.416 -0.074 -3.79  2.20
MERCEDES, #22  0.020 0.649 -0.300 -8.54 0:029 0,627 -0.286-14.63  1.62
SETRA, #35 0.089 0.694 -0.345 -9.93 0.068 0,669 -0.328-16.78  1.98
+

equal to the wind-averaged drag coefficlent for the run number siafed plus the mirrer
drag increment 3Cg,;
change I fuel corsumption, 2/100-km., positive represents a iuel saving.
#  distance In m. lorward of the mid-wheelbase point.

The drag cocfficient curves for these configurations are compared in Figure 16 and the
side force and yawing moment coefficient curves are presented in Figure 16, Once again,

estimated mirror drag coefficients have been added to the configurations noted above., The key
for Figure 15 summarizes the measuremants that were combined to produce the Curves plotted,
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Figure 17 compares the fuel consumption of the new design with those of the other four
main configurations, as functions of road speed, for identical masses of 16,500 kg, identical
drive-line losses of 15%, and identical frontal areas of 8.36 m2. The new bus Is seen o
provide a large reduction in fuel consumption compared to the standard MCI GJ8 bus and the two
European buses, and a substantlal advantage over the Prevest bus. The current MGl CJ3 is
inferior to the Prevost H3-40. The improvement of the new configuration over the MCl CJ3
resulis from both front and rear shape improvements while the advantage over the Prevost bus
comes primarily from the rear-end shape. The new MCI configuration would have a yaw centre
of pressure loccation that is 0.52 m ahead of that for the Pravost bus,

6.7 Fiow Visualizaiion

The flow over the best combination was observed, or visualized, using two techniques.
First, smoke was used 10 obitain a gross overview of the external flow fisld and, second, a fine
pigment suspended in an .off mixture was painted on the surface of the bus to show the detaiis of
the surface flow. Both flow visualization techniques were performed at zero yaw angle only.

The smoke flow photographs of Figure 18 show a few important details of the fow.
Figures 18a, 18b, and 18¢ cleatly indicats that the gross flow follows the contour of the bus,
both up over the front fop edges and down over the rear bevel Figure 18d shows the wake of 2
mirror extending along the side of the bus.

The surface-oi-flow photographs of Figure 19 contain more detail than do the smoke
flow photographs. Figure 19a shows the stagnation point on the front face of the bus, The fiow
streamline that strikes the bus at this point comes fo a complete stop, providing the point of
highest positive pressure on the front face. The remaining streamlines turn and diverge from
this point. While the smoke showed that the flow arcund the front edges was attached, the oif
fiow shows that there is a very small separation region, or bubble, at the downstream edges of
the top and side corners. Here, the flow separates and immeadiately re-attaches, producing a
small separated cavity parallel to these corners, as indicated by the accumulations of cil. The
small separation causes little or no drag increase although i indicates that the edge radius
should be increased for a greater margin from separation - an obsarvation that is consistent
with the Reynolds nurnber sensitivity observed for this configuration.

The inflience of the mirror can be seen over the fult length of the side of the bus in
Figures 19b and 19¢. The two lines above and below the mirror on the bus body indicate
separation fines feeding a pair of vortices induced. by the mirror. These vortices contribute 1o
the drag increase caused by the mirrors and could be a source of asrodyriamic noise. The mirror
on the driver's side, in the aft position, showed an almost identical flow pattern.

Figure 19d shows the rear-end flow. The flow is attached on the bevelled top and side
panels and is separated over the bluff base. it appears that a _huvz:Jri.zclntaI'i rapped vortex sils on
the upper third of the base, in the region that is coversd with the ofl mixture. it is fed by the
flow over the roof and along the upper sides of the body. The sirength of this vortex flow may
tend to keep this region scoursd clear of dirt. The remaining, lower, separaled flow region is
fed by the undetbody flow and by the side flows coming over and out-of the réar wheel wells. it
should be the dirtier region because it is fed by the most dirtladen flow from the wheels and
because the largef; more diffuse vortex contains lower-spéed flows.
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7.0 CONCLUSIONS

A wind tunnel test was performed to select the best aeradynamic configuration for a new
bus - Proposal 2 with a bevelled rear end - from a set of propesed designs, and to compare this
configuration to the current production MCI Cd8 and to three competitors - the Prevost H3-40,
the Msrcedes 0404, and the Seira 8315, The new design had lower aerodynamic drag than the
other buses, resulting in lower predicted power consumptions and lower fue! consumptions.
The reduced fue! consumption has an obvious and strong impact on the direct operating cost of
the bus while the lower required power level should result in reduced noise, ncreased drive
line reliability, better passing acceleration, and greater drive tre fife, An indication of the
supsrior performance of the new bus is given in the foliowing tabla.

PERFORMANCE COMPARISON AT 120 km/h

BUS Cp TOTAL POWER, kw FUEL GONSUMPTION
2{100-%m.
Mew MCH .349 187.8 45.3
MO CJa 0.608 2E2.8 57.9
Prevost H3-40 0.447 214.8 48.2
Mercedes 0404 0.649 260.9 59.8
Satra 3315 0,834 P71.4 G2.2

This design is & gbod compromise between tow drag, as shown by these tgsts, and ease of
manufactare, accarding to the attending MUl engineess. 1t wolid be possible to design a lower-
drag front end for this new configuration, one that might have & wind-averaged drag coefficient
below 0,30, but it may require a significant change to the driving position and mirrors, as well
as being a more difficult and expansive geometry to manufacture,

8.0 NOTATION

a;  rolling resistance coefficients, equation {12)
b refershce width for moment coefficlents, wheelbase, 7.225 m. full soale,
07285 m. model scale

o drag coeificient, D!(_Ugg}vzﬁ}
CpiVy)  wind averaged drag cosfficient based on bus road spsed, Cpivp) = bf {TIJFEPVE?A}
¢ drag coefficient, LA{1/2pV2A)
One drag cosfficient, MA(T/2pVEAD)
Ty drag coefficient, Nf{1/2pV2AD)
g drag coefficient, R/{1/2pV2Ab)
Cs drag coefficient, Sf{%f?g}\f?ﬁ)
D aercdynamic drag force, N.

T e s N R
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D{V,)  wind-averaged drag, includes the effects. of the 11 kmvh annual hourly mean
wind speed blowing with equal probability from all directions, M.
Dy total resistance to the forward motion of a bus due to asrodynamic drag, rolling
resistance of tires, and wheel bearing losses, M.
dCn/dy  slope of the yawing moment coefficient versus yaw angle curve, dag.t
dCe/dy  slope of the side force coefficient versus yaw angle curve, deg.~!
M bus mass, kg.
P{Vi) power required at the rear wheels for propuision of the bus at speed Vi, kw.
P, accessory power consumption, k.
P angine power, Pafn , kw.
Po(b)  wind-averaged engine power, kw.
P, engine power rating, kw.
R roling resistance of fires and wheel baarings, N.
Vp  bus road speed, km/.
V. resultant air speed due fo wind and bus motion, sguivalent to wind wnnel test
speed, equation (B}, km/h,
Vi speed of the natural wind, km/h,
w reference length for Reynolds number, maximum legal vehicle width, 256 m,
Xop  centre of pressure of the side force vector relative o the mid-wheelbase origin
of coordinates, equation. (18}, m.

—
p  air density, 1.226 kg/m?® at S.T.P. S
y  yaw angle, the angle beiween the direction of the resultant wind and the direction S
of bus motion, equation {4}, deg. o
$  direction of the natural wind relative 1o the direction of bus motion
7 transmission efficiency
©  bus fuel consurmption, /100-km.

F(Vp) wind-averaged bus fuel consumption, eguation (16), 2/100-km.
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CUMULATIVE PROBABILITY

FIG. 2: RESULTANT VELOCITY VECTOR DIAGRAM
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APPENDIX 2: PHOTOGRAPHIC LOG

MG Emooth CJ3 Front and Standard CJ3 Rear
MCI Standard Hatch and Drip Rail

MCH Standard CJ3 Front

bWercodes 0404 Front

WMCt Propoesal 1 Front

MCH Proposal 2 Front

Prevost H3-40 Front

Setra 5315 -Front

“Standard CJ3 Frant with Standard CJ3 Mirrors
MCH Proposal 2 Front with Flow Trip
Proposal 2 Front with Standard GJ3 Mirrors Forward

Propogal 2 Front with Standard CJ3 Mirrors Aft

Proposal 2 Front with Setra Mirrors

Proposal 2 Front with Prevost Mirrors

Rear End with 15* Bevels on Top and Sides

Proposal 2 Front with Standard GJ3 Mirrors Forward and Aft
Propasal 2 Front and Whee| Skirts

Proposal 2 Front with &ir Dam

Propesal 2 Front with Tire Fairings

Vortex Gengrators Immediately Upstream of Bevelled Rear
Modified Drip Raill

Pravost H3=40 Front with Prevost Mirrors

FPrevoast H3=40 Front with Flow Trip

Proposal 1 Front with Flow Tripi

Smooth CJ3 Front with Flow Trip
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APPENDIX 3: DATA TABULATION

The foliowing notafion is used in the fabulations:

Aept/Tare/Run
0.
Re
PT

VEL
CL
GO
oY

CM
GM
CR

o nou

nouw# N

il

Test number/Run no, for wind-off balance zero readings/Bun no.

reference dynamic piessure corrected for wall effects
Heynolds number

paint aumbear:

test wind speed based:-onQC

lift coefficient

drag csoefficlent

side farce coefficient

pitching moment coetfficient

yawing moment coefficient
folling moment coefficient
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APPENDIX 4: DATA PLOTS

The following plots are presented in the order performed. Each yaw run is summarized
by plote of drag coefficient, side force coefficient, and yawing moment coefficlent, all versus
yaw angle. The run designatlons are coded in the set of 7 numbers at the fop of each plot and
they are interpreted as a first group of four digits for the test number followed by three digits
far the run number, Thus:

060702 = Test BO7, Run 26

MCI ~ 038924
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KECON KHIABANI and ARIA
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through their natural
mother, KATAYOUN BARIN;
KATAYOUN BARIN,
individually; KATAYOUN
BARIN as Executrix of
the Estate of Kayvan
Khiabani M.D.
{(Decedent), and the
Estate of Kayvan
Khiabani,

M.D. (Decedent},

Plaintiffs,
ve.

MOTOR COACH INDUSTRIES,
INC. A Delaware
corporation;
MICHELANGELO LEASTNG
INC. D/b/a RYAN'S
EXPRESS, an Arizona
corporation; EDWARD
HUBBARD, a Nevada
regident; BELL SPORTS,
INC. D/b/a GIRO SPORT
DESIGN, a California
corporation; SEVENPLUS
BICYCLES, INC. D/b/a Pro
Cyclery, a Nevada
corporation; DOES 1
through 20; and ROE
CORPORATIONS 1 through
20.
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Page 36

1 THE WITNESS: I'm not that familiar with
2 the Setra, the full Setra line.

3 BY MR. KEMP:

4 Q. But you do understand in gemeral that

5 the more you round the cormer like a bullet train,

6 for example, the better aerodynamics you'll have?

7 You do understand that?

8 A. Uh-huh.

9 Q. Yes?

10 A. And the higher the speed, the more of a
11 factor that would be.

12 0. Great. Whose job was it to make sure
13 that the aerodynamics design of the J4500 was
14 reasonably safe, in your term?

15 A. Well, I don't know that aerbdynamics is
16 a -- is a safety factor. The shape of the front of
17 the coach, I'm not aware that that would be a safety
18 factor.
19 Q. S0 as far as you know, when the J4500

20 was designed, no one looked at aerodynamics as a

21 safety factor as far as you know?

22 MR. RUSSELL: Objection. Foundation.
23 THE WITNESS: Not to my knowledge.
24 BY MR. KEMP: o
25 Q. Did you understand that a coach that had

Litigation Services | 800-330-1112
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Page 47
Do you see that statement?
L. I see 1it.
Q. Did MCI make any effort in designing the

J4500 to reduce the aerodynamic drag by modifying
the shape of the front of the coach?
MR. RUSSELL: Objection. Foundation.
THE WITNESS: I have no knowledge of
that. |
BY MR. KEMP:

Q. So as far as you know, there was no

effort made in that regard?

MR. RUSSELL: Same objection.

THE WITNESS: To my knowledge, no.
BY MR. KEMP:

Q. Now, flipping back to the front page, do
you know whether or not A D R Systems made a formal
proposal to MCI?

A. Not that I'm aware of.

Q. If someone made a formal proposal to
attempt to reduce drag, how would that be processed?
Where would it go? Who would get it? Who would
evaluate it?

A. Well, it would depend how to came to the
company. If it came -- if they approached our

marketing group or if they approached our

Litigation Services | 800-330-1112
www.litigationservices.com
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Q. Why is lack of visibility on the right
gide not a hazard as opposed to a concern?
A I don't believe there is lack of
visibility on the right-hand side.
Q. You think that coaches have right --
have right-side vigibility? |
A I believe they do.
Q. You think they do, okay.
I'll mark this as 2.
(Exhibit 2 marked.)
BY MR, KEMEP:
Q. I've handed you for review an article

marked as Exhibit 2 entitled, quote "Many buses have
built-in blind spots that make driving them
dangerous, ® unquote, by Brian Sherlock dated
November 5th, 2015.
Do you see that the document?

Al I see it.

Q. In 2015, that's, what, 10, 12 years
after the J4500 was designed?

A, About that, yes.

Q. And according to Mr. Sherlock -- let's
go to page 2. He says, quote, "Essentially all
transit buses in the United States are buiit as

cheaply as possible with mirrors and pillars that

Litigation Services | 800-330-1112
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Page 55
J4500 design project -- design process?

MR. RUSSELL: Objection. Feoundation.
YOou can answer.

THE WITNESS: Ch, okay. Well, I'm aware
that we peolled a wide variety of drivers as we were
developing that coach.

BY MR. KEMP:

0. Polled?

L. Polled. We had a wide variety in size
and experience that sat in the driver's seat and
that drove the coach under controlled circumstances
to evaluate and give feedback.

Q. Well, we'll get to a little bit of that
feedback here in a minute.

My question was what design actions, if
any, were taken to eliminate or modify right-side
blind spots?

A. Ncne that I was directly involved with,
so I don't know.

Q. Do you know if anything was done?

MR. RUSSELL: Obijecticon. Foundation.

THE WITNESS: I don't know.

BY MR. KEMP:
Q. Now, if you go to the next page of the

article, page 3, Mr. Hanley, president of the Bus

Litigation Services | 800-330-1112
www.litigationservices.com
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Page 5%

1 a clean sheet of paper that was basically designed
2 on a computer screen. It was done in CAD.

3 Q. So you think there was some sort of

4 computer simulation done with regards to the E

5 gerieg to determine line-of-sight and wvisibility

6 obstructions?

7 A. I would think there prcbably was.

8 Q. Thinking they were probably -- thinking
9 that there probably was and telling me that there
10 wag are two different things. Do you recognize
11 that?
12 A. Right, but I can't say. I can't say
13 I've seen 1t.
14 Q. And why do you think it probably was
15 done?

16 A. Because that was part of the kind of

17 things that we did.
18 Q. Would you agree with me that to do a
18 competent job of design engineering on the E series
20 you would have to do the line-of-sight and
21 vigibility obstructions of some sort?
22 A. I would say that would be best practice.
23 Q. Why is that?
24 A. It's just commonly accepted best
25 practice.
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Q. T think I asked this question, but I

want to make sure. As we sit here today, do you
know whether or not the air displacement from the
front of a J4500 is greater than or less than the
air displacement that you would get from a Setra 500
going at the same speed?

A. Well, I have no familiarity with the
Setra 500, so I really couldn't comment on that.

Q. So the answer's, no, you don't know the
answer to that question?

A. Can you repeat the question.

Q. Do you know whether or not the side
force or air displacement generated by a J4500 is
greater or less than that generated by a Setra 500
assuming that both vehicles are going 25 miles per
hour?

A. I don't know.

MR. KEMP: Let me mark this as 3.
{Exhibit 3 marked.)
BY MR. KEME:

Q. I'm going to hand you a document that's
dated July 2012 with regards to the Setra. VAnd
specifically the document says on page four that
they have done aerodynamic styling to lower fuel

consumption. And it says that they have achieved a

Litigation Services | 800-330-1112
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drag coefficient of .33,
Do you see that statement?
A. I see that.
Q. Now, earlier you told me you thought the

J4500 had a .3 or .4 drag coefficient as well; is

that correct?

A, Noe. I said I speculated that it would
be in some kind of a range of .3, .4.

Q. and in reality, it's more in the .8
range?

A. .87

MR. RUSSELL: Obijection. Foundation.
THE WITNESS: Not to my knowledge.

BY MR. KEMP:

Q. You still think it's .3 to .47

A. I believe most tour cocaches aré in that
range.

Q. All right. And next statement, "The
designer -- the engineers designed the front of the

Comfort Class 500 with larger radii for the roof

slope.
Am I pronouncing that right?
A, Radii, I guess, yeah.
Q. How do you spell that? R-a-d-i-i,
radii?

Litigation Services | 800-330-1112
www.litigationservices.com
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A. That's how they spelled it, yeah.
Q. Is that the way you're supposed to spell
it?
A, To my knowledge, yeah.
Q. So in addition to making the right-hand
corners more rounded, you can also make thé -- the

roof slope more rounded; is that correct, in theory?

A. In theory.

Q. Was any consideration given when you
designed the 4500 to design it with a larger radii
for the roof slope?

MR. RUSSELL: Objection. Foundation.
THE WITNESS: Not that I'm aware of.
BY MR. KEMP:

Q. Next statement, quote, "The A pillar was
also redesigned enabling the flow loss on the front
gurface to be reduced gignificantly in placing the
airflow in this area on the vehicle body.," ﬁnquote.

Did I read that right?

A. That's what it says, yeah.

Q. Was any consideration given to doing
that when you designed the J45007 |

MR. RUSSELL: Objecticn. Foundation.
THE WITNESS: Not to my knowledge.

BY MR. KEMP:

Litigation Services | 800-330-1112
www.litigationservices.com
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1 Q. You could have made the J4500 --

2 designed and made the 4500 designed with a larger

3 radii for the roof slope if you'd wanted to, right?
4 MR. RUSSELL: Objection.

5 THE WITNESS: I don't know if t;hat's

6 true or possible.

7 BY MR, KEMP:

8 Q. So you think Mercedes can make the Setra
9 with a larger radii for the roof slope, but MCI
10 cannot make a J4500 with a larger radii for the roof
11 slope?

12 MR. RUSSELL: Object.

13 THE WITNESS: No, I don't think that. I
14 think they're selling a different coach into a
15 different market. They don't sell this in North

16 America as far as I know.

17 BY MR. KEMP:

18 Q. I'm asking you if theoretically you

19 could have designed and made the 4500 with a larger
20 radii for the roof slope if you wanted to?
21 MR. RUSSELL: Objection. Foundation.

22 THE WITNESS: I guess it would be

23 possible.

24 BY MR, KEMP:

25 Q. I mean this is not advanced space

Litigation Services | 800-330-1112
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technology. This is just changing the shape of a

roof, right? Right?

MR. RUSSELL: Objection. Incomplete
hypothetical. Argumentative.
BY MR. KEMP:

Q. Is there any reason you can think of why
the Japanese could make a bullet train that's
aerodynamic efficient in 1964 and MCI couldn't make
a J4500 with a larger radii for the Toof slope in
20077

MR. RUSSELL: Objecticon. Incomplete
hypothetical. Argumentative.

THE WITNESS: Traing and tour coaches
are not the same vehicles. |
BY MR. KEMP:

Q. I'm just asking if there's any reason
you can think of that it couldn't be manufactured
that way?

MR. RUSSELL: Same objections.
BY MR. KEMP:

Q. You know like, for example, you needed
gome rare part like lithium and it’s not available
or something like that. Okay. Any practical reason
you can think of that MCI couldn't have made a J4500

with a larger radii for the roof slope?

Litigation Servieces | 800-330-1112
www.litigationservices.com
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1 MR. RUSSELL: Same objections. -

2 THE WITNESS: I don't know.

3 BY MR. KEMP:

4 Q. You don't know of any?

5 A. I just don't know.

6 Q. Can you give me any practical reason as
7 we sit here today why MCI couldn't make a J4500 with
8 a larger radii for the roof slope?

9 MR. RUSSELL: Same objections.

10 THE WITNESS: No.

11 BY MR. KEMP:
12 Q. Now the next statement they say that

13 they redesigned the A pillar. Do you see tﬁat

14 statement?

15 A, I see that.
16 Q. Is there any reason the J 45 couldn't
17 have been made with a redesigned A pillar éuch as

18 they did to the Setra 5007

19 MR. RUSSELL: Same objections.
20 THE WITNESS: I think we asked that one,
21 didn't we, a couple questions ago.
22 BY MR. KEMP:
23 Q. I want to know if there's any practical
24 reason it couldn't have been done.

25 A. I don't know.

Litigation Services | 800-330-1112
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COUNTY OF CLARK, NEVADA

KEON KHIABANI and ARIA KHIABANT,
minore by and through their
natural mother, KATAYOUN BARIN,
KATAYOUN BARIN, individually,
KATAYOUN BARIN as Executrix of
the Estate of Kayvan Khiabani,
M.D. {decedent), and the Estate
of Kayvan Khiabani, M.D.
{Decedent) ,

Plaintiffs,

vs. Case No. A-17-755977-C

)
)
}
)
)
)
)
)
)

)

)

)

)

)
MOTOR COACH INDUSTRIES, INC., )
a Delaware corporation; )
MICHAELANGELO LEASTNG, INC., )
d/b/a RYAN'S EXPRESS, an Arizona )
corporation; EDWARD HUBBARD, a )
Nevada resident; BELL SPORTS, )
INC., d/b/a GIRO SPORT DESIGN, a )
California corpcration; )
SEVENPLUS BICYCLES, INC., d/b/a )
Prc Cyclery, a Nevada )
corporation; DOES 1 through 20; )
And ROE CORPORATICNS 1 through )
20. )
}

)

Defendants.
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1 Q. Okay. Great. Did there come a time that you

2 worked for Motor Coach Industries or an affiliéte of

3 Motor Coach Industries?

4 A. I worked for Universal Coach Parts.

5 Q. And what time period did you work for them?

6 A I believe it was '97 tc 2000C.

7 0. And what was your job in general?

8 A I was vice president and general manager.

9 Q Where was Universal Ceoach Parts located?

10 A In Chicago.

11 Q. And when you say Chicago, would that be

12 Des Plaines?

13 A. That's correct.

14 Q. And that's D~E-S, new word P-L-A-I-N-E-S.

15 Who was your immediate supervisor while you
16 were the vice president and general manager of Universal
17 Cecach Parts?

18 A. Jim Bernacchi.

19 Q. And I believe that's spelled B-E-R-N-A—C-C-Hul.
20 Is that --

21 A. I believe that's -- I believe-that's correct,
22 Q. Okay. And what was your understanding of
23 Mr. Bernacchi's position at that time?

24 A. I believe he was the CEO cf Motcr Coach

25 Industries.

Litigation Services | 800-330-1112

www.litigationservices.com

002392

002392

002392



€6€200

PABLC FIERROS - 10/08/2017

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

Page 190
Q. Was he also the president?

A. I don't remember.

Q. Okay. But you think he was the CEO from '97 to
2000 when you were at Universal Coach Parts. 1Is that
correct?

A. I believe he was the CE0O, yes. I don't
remember if he was both president and CEC. That I don't
remember.

Q. Okay. Did you report directly to
Mr. Bernacchi?

A. Bernacchi. I did.

Q. Did you re- -- okay.

A. You asked me that. I said yes.

Q. And where were you located at physically in
terms of an office building?

A. I don't remember the address, but it was in a
separate building than -- than Jim Bernacchi.

Q. Okay. And was it near Mr. Bermacchi's
building?.

A. About -- about 10 blocks away.

Q. And how many employees did you have as the
vice president and general manager of Universal Coach
Parts?

A, T believe the number was close to 1,200.

Q. Were they located at the same place you were?
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about it. I don't know exactly how or when, but I do.

Q. Do you know a man named Chris Ferrone,
F-E-R-R-O-N-E? |

A. My God, I -- the -- the name sounds somehow
familiar.

Q. Okay. And do you know a man named Mark Barron
B-A-R-R-0-N, also named Mark Bowen, B-O-W-E-N?

A. The first one sounds more familiar than the
gsecond one.

Q. Does the second one, Mr. Barron or Bbwen, sound
familiar in any way, shape or form?

A. No, no.

Q No? Okay.
A. Are you having --
Q. Do ycu remember?
A. Are you having problems hearing me?
Q0. I think we're talking over each other a little
bit.

A. Okay. Okay.

Q. I'm not having a problem hearing you, but --
but I think we're talking over each other a little bit.

Okay. Back to the $-1 Gard, do you

remember at some point in time someone came to you and
offered you this product, referring to the S-1 Gard?

A. Formally offering, no, I don't remember. I
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J4500 or not. 1Is that correct?

A. Agree. It is correct. I couldn't tell you.

Q. Okay. Fair.

And does this letter remind yoﬁ that you
provided S-1 GARDs to New Flyer customers -- customers
that had New Flyer busges?

A. I do not.

Q. All right. Apart from the S-1 Gard, are you
familiar with any other type of barrier safety device
that manufacturers of buses either did or could put in
front of the right rear tires to move people or objects
out of the way?

A. There was a device, I believe it waé British, I
don't remember the -- the name, but it was in the front
of the bus and it attempted to do something similar to
this. If you -- if you remember some of the spoilers
that were popular in the '70s and '80s in race cars that
locked like they were sweeping the front, that's what
that device looked like.

Q. Okay. And did you sell any of those?

A. No.

Q. Okay. But that was designed for the front
tires as opposed to the rear tires. 1Is that correct?

A. That was designed for the front of the bus for

the whole bus.
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Q. Okay. And have you heard the term aspats,

S-P-A-T-S, before?
A. No, I have not.
Q. How about wheel guards, have you heard of wheel

guards that are attached to the rear tires?

A. Yes.

Q. Okay. And what do you call those?

A, Did you say "splash" a while ago?

Q. I said "spats."

A, Oh, spats, no. S8Spats, no.

Q. Spats.

A. What do I call the devices that go behind the

wheels? The -- the splash guards you said?

Q. Okay. All right. Have you heard of the
device, a protective barrier that goes on the outside of
the rear tires to prevent the tires from coming into
contact with something on the outside of it?

A, No, I -- I don't.

Q. Okay. While you were at Universal Parts [sicl],
did MCI ever soclicit your -- your input with regards to
safety features?

A, No. I --1Idon't -~

Actually, let me take that back. It is
possible that they would ask me a guestion like that on

a bus that they didn't manufacture, but it most
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likely -- it would have been a question as in check with

your team, because they knew I was not an engineer so I
couldn't give them a -- a -~ an opinion. Sor~m so if
they would have asked my opinion on a safety device, I
think they would ask me more to check with my team.

Q. Okay. Did you have safety engineers on your
team?

A, I did.

Q. How many?

A. I believe the department had three, four people
that did some engineering work. They verified specs on
products that we -- that we scld.

Q. Okay. And do you know whether or not those
safety engineers ever evaluated the S-1 Gard?

A. I don't remember doing any evaluation of
S-1 Gard.

Q. Before you sold or resold the product, would --
would the standard procedure be to do some sort of-
evaluation?

A, DAbsoclutely.

Q. Okay.
Al I --
Q. Now -~

A. There are many products in the bus that have

already been used for years before that, no, we probably
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did not do a complete and thorough investigation of

every single part.

Q. Do you know what a proximity sensor is?

A. Yes,

Q. And, for example, some cars have devices that
alert you whether or not there’s a car or biéycle either

to your front or on the side of you. Right?

A. Yes.

Q. And -- and -- and do you have a car like that
yourself?

A, No.

Q. Now with regards to proximity sensors, while
you were at Universal Coach Parts, did you sell any
proximity sensors?

A. I don't remember.

Q. Do you remember one way or the other whether or
not any devices that you were involved with in any way,
shape or form had proximity sensors om it?

A. Not specifically, no.

Q. And after leaving Universal Coach Parts in
2000, did you have any involvement with the bus
industry?

A. I went to work for ENroute Communidatioﬁsi
which was a startup company doing wireless communication

petween the base and the moving coach transit bus,
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train, wvehicle. So we build wireless communication

systemg. And one of the industries that we attempted to
go to was the bus industry.

Q. Okay. And what time period were you_with them?

A. Them became me. I was part of the éompany.
After the initial startup, I became oﬁner of the
company -- part owner of the company.

We -- 2000 to 2005 approximately.

Q. AaAnd then where'd you go in 20057

A. I went back -- I went to -- I started a -- a
consulting company doing sales consulting and I worked
in the retail automobile. And after that I came to
El Paso with my present employer.

Q. And that would be Stewart & Stevenson?

A. Correct.

Q. And that's spelled S-T-E-W-A-R-T, ampersand,
Stevenson, S-T-E-V-E-N-S-0-N. Correct?

A. Stevenson, correct.

Q. Okay. Now, when you were with ENroute from
2000 to 2005, did you try and sell any produéts to MCI?

A. No.

Q. You didn't try to sell the wireless device to
MCI?

A. No.

Q. Did you try to sell it to Universal Coach
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Q. (BY MR. KEMP) Okay. Just to make sure we got

it right. As you understand it today, the majority of
buses have driver seat belts. Right?

A. Yes.

Q. And you don't know one way or the other whether
or not the majority have passenger seat belts?

A. I don't know.

Q. Correct?

A. I don't know.

Q. But do you know that passenger seat belts are
used in more buses today than they were back in 1997
through 20007 Do you know that one way or the other?

MR. DACUS: Object to form and ﬁoundation.

A. I don't know.

Q. (BY MR. KEMP) Okay. Now, do you have an
understanding one way or the other whether or not a bus
gsuch as the J4500 creates an air blast or air
displacement at its right front when it's traveling?

A. T have no idea.

Q. Okay. And are you aware that there--— or,
strike that.

Have you ever heard of a part called a
spoiler that goes along the front right side or the left
side of the bus to change the air flow?

A. Not specifically in buses, no.
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way?

A. No, I don't rememkber it, no.
MR. DACUS: Thank you. I don't bkelieve I
have any further guestions.
MR. KEMP: Are you done, Mr. Dacus?
MR. DACUS: I am.
FURTHER EXAMINATICN
BY MR. KEMP:
Q. S8ir. You said that you saw a flier similar to
and then you held up a document. Was that Exhibit 37
A. No, the one that I held up was Exhikit 5. I
was looking for the other one and I can't find it.
Q. Could you find Exhibit 3 for a second, please.
A. 1 have it. |
Q. So the flier you saw was either the same or
gimilar to Exhibit 3. Is that correct?
A. I guess. I guess. I don't specifically
remember. It =-- it -- it's -- it's wvague in my memory.
Q. Okay. But you saw some flier simiiar to
Exhibit 3 that related to the S-1 Gard. Is that
correct?

A. Yeah, I think somebody handed to me something
like that, yes.

Q. Okay. And Mr. Dacus asked you if you'd seen

any technical papers.
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Q. Was that something that happened a lot when you

went to these trade shows, people would mail you stuff
afterwards®?

A. Hundreds.

Q. Hundreds of times?

A. Correct.

Q. Becauge you're a customer, they're trying to
get your business. Right?

A. I -- yeah.

Q. Okay. And Counsel asked you if you'd seen any
technical paper on the 8-1 Gard. As you 8it here today,
do you remember one way or the other whether you saw
Exhibit 7 before at any time?

A. Nec, I don't remember.

Q. 8o this may and may not have been among the
hundreds of things that you were mailed after trade
shows. Is that correct?

A. That's correct.

Q. And with regards to this particular trade show
at Indianapolis in November 1998, as we sit here today,
do you remember whether or not you went to that?

A. I probably did. I went to most of the trade
shows so the likelihood that I went toc this one 1is very
high.

Q. And is it also high because Indianapolis is
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Now, have you taken any courses in aerodynamics?
A. No.
Q. Okay.

What is your understanding, if you have an
understanding, as to whether or not when a 2007 vintage
J4500 is traveling 35 to 40 miles an hour, what is your
understanding as to whether or not it causes air blasts
or air displacements from the bus?

A. I don't know.

Q. Okay.

You don't know one way or the other whether it
would cause air blasts or air displacements?

A. No, I don't.

Q. And same question with regards to the -- in the
back, it has rear tires; correct?

A. Yes,

Q. Double set of rear tires.

What is your understanding, if any, with regards to
whether or not a suction effect will be created when a
bus is moving 35, 40 miles an hour from those two rear
tires?

A. I don't -- I don't know.

Q. You don't know one way or the other whether
there is a suction or not a suction?

A. I don't know.
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Q. Okay.

So is -- okay.

Do you have a standard sales pitch that you give to
cugtomers about the J45007

A. No.

There's not a standard.

Q. Okay.

Well, let me ask a little differently then.

Since you don't know whether or not a J4500 will
cause air blasts from the front, I assume you've never
discussed that point with a customer?

A. No.

Q. I'm correct, youfve never discussed that point
with a customer?

A. I've never discussed that, no.

Q. &And you've never discussed whether or not the
back tires have some sort of suction effect with the
customer?

A, No.

Q. Is that correct?

A. That‘s correct.

Q. Okay.

Now, I'd like to ask you to look at Exhibit --
gorry, Darrell -- Exhibit 26 with me; okay?

(Whereupon the document referred to is marked by
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Q. So they were all J4500s?
L. Yes.
Q. Okay.

And so do you remember what course of time?

You said you started meeting with him in 2002.

When did you -- when is the last time you met with
Mr. Haggerty?

A. Oh, I don't remember.

Q. Has it been within the last couple years or --

A. No.

Q. 8So ~~ okay.

But you do recall dealing with him with regards to
approximately 50 J4500s; right?

A. Yes.

Q. Okay.

Now, earlier I asked you if you had communicated
with any customer about the subject of air blast
potential, and you said no.

Remember that testimony?

A. Yes.

Q. Yes? Okay.

Would I be correct that you did not have any
communications with Mr. Haggerty during any one of these
50 bus sales about the potential for air blasts, if any,

from the J45007?
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1 A. Yesg, you're correct.

2 Q. And same question about the rear tires sucking
3 in, you didn't have any communications with him about

4 that subject either; correct?

5 A. Correct, no communications.

6 Q. Okay.

7 Do you recall any specific subjects you did talk to
8 Mr. Haggerty about, other than price and delivery dates?
9 A. It was price, trade values for trade‘buses,

10 mestly numbers.

11 Q. Okay.

12 Now, going back to Exhibit Number 2, if you take a
13 look at page 9, paragraph 15, there is a warning there.
14 You see that?

15 A. Page 97 O0Oh, MCI9. Okay.

16 Q. And the warning says, *This vehicle may contain
17 HCFC R-134A refrigerant, a substance which harms public
18 health and the environment by destroying ozone in the

15 upper atmosphere.¥

20 Did I read that right?

21 A, Yes.

22 Q. And that is the only warning I see in
23 Exhibit 2.

24 Do you see any other warning?

25 A. No.
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1 A. Yes.

2 Q. Okay. All right. Now, do you have a general

3 understanding one way or the other whether or not air

4 Dblasts are created at the front sides of a J4500 when

5 it's traveling 35 or 40 miles an hour?

6 A, No.

7 Q. Okay. And broadening the question out, do you
8 know way or the other whether or not if a J4500 moves

9 about 35 or 40 miles an hour that there's any sort of

10 disturbance of the air in the front of the bus?

11 A. No.

12 Q. Okay. Assuming, for the saké of argument, that
13 there is an air blast created when a J4500 moves, do you
14 disagree that that could potentially create a hazardous
15 situation for pedestrians and people on bicycleg next to
16 the bus?

17 MR. ROBERTS: Objection to form,

18 foundation.

19 MR. FREEMAN: Are we still operating under
20 the agreement objection by one is objection by all?

21 MR. KEMP: Yeg, that's fine by me.

22 MR. FREEMAN: Okay.

23 Q. BY MR. KEMP: Go ahead, sir. You can answer

24 the question.

25 A, No, I don't know.
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CLARK CCUNTY, NEVADA

KECN KHIABANI and ARIA KHIABANT, )
minors by and through their natural)
mother, KATAYCUN BARIN; KATAYOUN )
BARIN, individually; KATAYOUN BARIN)
as Executrix of the Estate of )
Kayvan Khiabani, M.D. {(Decedent), )
and the Estate of Kayvan Khiabani, )}
M.D. (Decedent), }

)

Plaintiffs, ) Case No.
ya-17-755977-C
VS, )Dept. No.
) XIV
MOTOR COACH INDUSTRIES, INC., a
Delaware corporation; MICHELANGELO
LEASING, INC. d/b/a RYAN'S EXPRESS,
an Arizona corporation; EDWARD
HUBBARD, a Nevada resident; BELL
SPORTS, INC. d/b/a GIRO SPORT
DESIGN, a California corporation;
SEVENPLUS BICYCLES, INC. d/b/a
PRC CYCLERY, a Nevada corporation;
DOES 1 through 20; and ROE
CORPORATICNS 1 through 20,

Defendants.

[ NP N A et

VIDECTAPED DEPOSITION CF WILLIAM BARTLETT
LAS VEGAS, NEVADA

FRIDAY, SEPTEMBER B, 2017

REPORTED RBRY: HOLLY LARSEN, CCR NO. 680, CA CSR 12170
JOB NC.: 416787

002413

002413

002413



Y1200

WILLIAM BARTLETT - 09/08/2017

10

11

12

13

14

15

16

17

18

18

20

21

22

23

24

25

Page 139
BY MR. KEMP:

Q. So you agree with me, if they know it's a
potential hazard, they should tell you because
you're the operator of their equipment?

A. It's up to them. I can't tell them what to
do.

Q. But, as we 8it here today, you don't know
one way or the other whether or not a bus will
create air turbulence or air blast that's going 30,
35 miles an hour?

MR. ROBERTS: Form and foundation.

THE WITNESS: I don't know. I'fve never
tested it myself. |
BY MR. KEMP:

Q. And getting a little more specific here,
are you familiar with an MCI J4500%?

A, Yes,

Q. You're familiar with an MCI J4500°%?

A, Yes.

Q. And you don‘t know whether or not thét, if
you're traveling 30, 35, 40 miles an hour, will
cause air turbulence or air blasts; correct?

A, I don't know for sure. I mean, I assume it
might because it's a large vehicle. But I've never

been outgide of an MCI passing me at 45 miles an
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CLARK COUNTY, NEVADA

KECN KHIABANI and ARIA
KHIABANI, minors by and
through their natural
mother, KATAYOUN BARIN;
KATAYOUN BARIN,
individually; KATAYOUN
BARIN as Executrix of
the Estate of Kayvan
Khiabani M.D.
{Decedent)}, and the
Estate of Kayvan
Khiabani,

M.D. (Decedent) ,

Plaintiffs,
vs.

MOTOR COACH INDUSTRIES,
INC. A Delaware
corporation;
MICHELANGELO LEASING
INC. D/b/a RYAN'S
EXPRESS, an Arizona
corporation; EDWARD
HUBBARD, a Newvada
resident; BELL SPORTS,
INC. D/b/a GIRO SPORT
DESIGN, a California
corporation; SEVENPLUS

BICYCLES, INC. D/b/a Pro

Cyclery, a Nevada
corporation; DCES 1
through 20; and ROE
CORPORATIONS 1 through
20.

Defendants.
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Q. All right.
Have you taken any courses in
aerodynamics?
A. No.
Q. Do you have any special training of any

sort in aerodynamics?

A. No.

Q. Do you understand in general that a
large object will alter the surrounding airflow?

A. I have no knowledge of that.

Q. Do you have any sort of understanding
that a bus, if it's moving at 30, 35 miles an hour,
will cause air blasts or air disturbances at the
front of the bus? Have you ever heard of that?

A, Yes.

Q. You have heard of that? Okay.

In what respect have you heard that?

A I'm sorry. Can you say that again?

Q. You said you have heard of that?

A of what? ©Of the --

Q. Of the bus, a large bus, is moving --
strike that. Let's make it more specific for you.

If a J4500 is moving forward at 30,
35 miles an hour, is it your understanding that

there are no air blasts, some air blasts, air blasts

76
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1 on some occasions?
2 A. I don't -- I don't know, sir.
3 Q. Don‘t know one way or the other?
4 A. No, sir.
5 Q. Okay. And we've referred to a number of
6 different types of buses that you said you drove.
7 And I wrote down that you drove -- one was Serta;
g8 right?
7] MR. CHRISTIANSEN: Setra.
10 MR. KEMP: I started off wrong and I'm
11 going to screw up the whole case.
12 BY MR. KEMP:
13 Q. You have driven a Setra before?
14 A. Yes.
15 Q. Is that a Setra 4177
16 A. I don't know the number. I just know
17 it's a Setra.
18 Q. Okay. And you've also driven a Volvo?
18 A, Yes, sir,
20 Q. And what were the other -- the MCI we
21 talked about. What were the other two?
22 A, Prevost.
23 Q. P-r-e-v-o-g-t?
24 A, Yes.
25 Q. And what else?
Litigation Services | 800-330-1112
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EDWARD HUBBARD - 09/20/2017

Page 890

1 into account in how you drove your bus?

2 MR. STEPHAN: Objection to form.

3 THE WITNESS: I've answered it; I

4 don't know, sir. I don't know what you want me to

5 say, but

6 BY MR. KEMP:

7 Q. Is there a reason you wouldn‘t take that
8 into account?

9 A, Take what inte -- the wind? I don't

10 know anything about the wind.
11 Q. Assuming for the sake of argumént that
12 someone had told you --

13 A, I couldn't -- I can't answer tﬁat

14 question because I don't know anything about

15 the wind and I don't know who's telling me. I don't
16 know =--
17 Q. Okay. Well, let me make it more

18 gpecific then.

15 Assuming today you got a bulletin from
20 the manufacturer of the bus that said, Our bus
21 creates a 10-foot air blast on the front, wouid you
22 take that into account when you were driving the bus
23 tomorrow, the next day, on?
24 MR. STEPHAN: Objection to form.
25 Answer.

Litigation Services | 800-330-1112
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Page 81
1 THE WITNESS: Yes, sir.
2 BY MR, KEMP:
3 Q. And the reason you would take it into
4 account is because why?
5 A, Because the bus manufacturer's_telling
6 me that it -- or -~
7 Q. That it's a potential safety hazard; is
8 that right?
S Al Yeah.
10 Q. That's the reason you would take it into
11 account, right?
12 A, I'm sorry?
i3 Q. Right? That's the reason you would take
14 it into account?
15 A, Because if that was part of my training,
16 veah. If that's what they told me, right.
17 Q. All right. Now let me ask you a related
18 gquestion.
18 Has anyone ever indicated to you that
20 the rear tires on a bus can create a negative air
21 gsituation, where people are sucked into the bus?
22 MR. STEPHAN: OCbjection to form.
23 BY MR. KEMP:
24 Q. Has anybody ever said that to you?
25 A, No. |
Litigation Services 800-33¢-1112
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EDWARD HUBBARD - 03/20/2017

Page 82
1 MR. STEPHAN: Sorry. I didn't mean to
2 interrupt. I don't really want to keep
3 interrupting.
4 MR. KEMP: ©No, you're just supposed
5 to say "Form; foundation." That's all you've got
6 to say.
7 MR. STEPHAN: That's all I'm doing.
8 MR. KEMP: Believe me, I do it myself.
9 MR. STEPHAN: Thank you, sir.
10 BY MR. KEMP:
11 Q. Okay. Let's just make sure we got
12 this down.
13 So you didn't have any information from
14 any source, including the manufacturer, that there
15 was some sort of suction when you're driving a
16 J4500 at 30, 35 miles an hour, that would pull
17 objects or potentially pull objects or people into
18 the rear wheelsg?
19 MR. STEPHAN: Form; foundation.
20 THE WITNESS: No.
21 BY MrR. KEMP:
22 Q. And when I say "the manufacturer,” I'm
23 referring to MCI, the manufacturer of the J4500.
24 You didn't have that information?
25 A, No.
Litigation Services | 800-330-1112
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Q. And in -- any source, you didn't know
that from any source, right?
A. No.
Q. Now, same guestion that I asked before.

If MCI had sent you a directive saying, Hey, you
know, the rearview [sic] wheels potentially create a
suction that can pull people in, would you take that
into consideration in the future when you were
driving the bus?
MR. STEPHAN: Form; foundation.
THE WITNESS: Yes.
BY MR. KEMP:
Q. And for the same reason; that it was a
safety hazard, potential safety hazard?
A, Part of my training.
Q. Part of your training to be aware of
potential safety hazards?
A. Correct.
Q. So if you knew that there were either
air blasts or suction in the rear tires, you
would -- you would take that into account in how you
drive the bus?
MR. STEPHAN: Form; foundation.
THE WITNESS: Yes.

BY MR. KEMP:

Litigation Services | 800-330-1112
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_ Page 148
Foundation,.

THE WITNESS: I -- I would -- if
something's going to alert me that I'm about to hit
something before I hit it, or someone before, of
course I'm goling to do something.

But I don't know that that would have
changed that situation, because of the maneuver that
the gentleman made by just coming in as -- it was
like this {indicating).

BY MR. KEMP:

Q. Ckay.

A. Tt was -- 1t was -- it was a very --
that's --

Q. But if there had been some sort of

warning light going off for whatever reason, you
would have -- you would have heeded that?

MR. TERRY: Objection; form.

THE WITNESS: Again, I don't -- I don't
know that.
BY MR. KEMP:

Q. My Mercedes has a proximity sensor. If
there's a car to my right or an object to my right,
there's a big red light that goes off in the mirror.
You know? And there’s a lot of cars where, if you

do that, there's an audible warning.

Litigation Services | 800-330-1112
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If something like that had happened and

you'd become aware that he was in that spot, even if
you didn't see him, would you have done something
about it?

A. I would have did exactly what I jﬁst
did.

MR. TERRY: Objection to form.

THE WITNESS: Which was take evasive
action to move away from the bike.
BY MR. KEMP:

Q. So if you'd been given some sort of
warning at the 50 or the hundred, you would have
taken evasive action earlier?

MR. TERRY: Objection; form.
THE WITNESS: Yes.
BY MR. KEMP:

Q. And the same, if one of your passengers
had said, Hey, you're getting close to a bicyclist,
at the 50 or the 100, you would have taken evasive
action earlier? |

Al Of course.

MR. STEPHAN: Will, he doesn't have the
microphone on. Can you make sure we're getting
this?

MR. KEMP: Are you getting this?

Litigation Services | 800-330-1112
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) Page 200
have a viewpoint.
BY MR. CHRISTIANSEN:
Q. QOkay. Well, both of those gentlemen

testified that they see in front of the bus that
bicycle the entire way until the collision, the
entire way southbound on Pavilion Center. Did you
know that?

MR. STEPHAN: Objection; foundation.
Form.

THE WITNESS: No.
BY MR. CHRISTIANSEN:

Q. And you did not see the bicyclist after
the 300-foot mark that you told for us, when you
believe you passed him at the cutout to the
municipal bus stop?

A. Correct.

Q. You don't see him for a full 300-plus
feet, until he just appears in your lane, right?
That*s your testimony?

A, Yes.

Q. And both of those gentleman who were
seated behind you testified that he's in front of
you and they can see him the entire way southbound
down Pavilion Center.

MR. STEPHAN: Objection; form.

Litigation Services | 800-330-1112
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DISTRICT CQURT

CLARK COUNTY, NEVADA

KEON KHIABANT and ARIA KHTIABANT, )
minors by and through their natural)
mother, KATAYQOUN BARIN; KATAYQOUN )
BARIN, individually; KATAYOUN BARIN)
as Executrix of the Estate of )
Kayvan Khiabani, M.D. {Decedent}, )
and the Estate of Kayvan Khiabani, }
M.D. (Decedent), )

)

)

Plaintiffs, Case No.
YA-17-755877-C
vs. )Dept. No.
XTIV
MOTOR COACH INDUSTRIES, INC., a }

Delaware corperation; MICHELANGELO }
LEASING, INC. d/b/a RYAN'S EXPRESS,)
an Arizona corporation; EDWARD )
HUBBARD, a Nevada resident; BELL )
SPORTS, INC. d/b/a GIRO SPORT )
DESIGN, a California corporation; )
SEVENPLUS BICYCLES, INC. d/b/a )
Pro Cyclery, a Nevada corporation; }
DOES 1 through 20¢; and ROE )
CORPORATIONS 1 through 20, )

)

)

)

Defendants.

VIDEOTAPED DEPOSITION OF ERIKA BRADLEY
LAS VEGAS, NEVADA

TUESDAY, AUGUST 15, 2017

REPORTED BY: HOLLY LARSEN, CCR NO. 680, CA CSR 12170
JOB NO.: 407%61A
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ERIKA BRADLEY - 08/15/2017

Page 43

1 Q. As we sit here today, do you know what made
2 the bicyclist swerve?

3 A. I don't know.

4 Q. Could it have been windblast from the front

5 of the bus?

6 MR. NUNEZ: Form objection.

7 THE WITNESS: It's possible.

8 BY MR. KEMP:

9 Q. Okay. Is there anything else you can think
10 of that would make the bicyclist swerve based on

11 what you'd seen of him?

12 MR. ROBERTS: Objection. Foundation.
13 THE WITNESS: When we were standing on the
14 side talking and waiting for people to arrive, I

15 remember speaking with one of the security guards.
16 He had mentioned that they have bicyclists that bike
17 from Red Rock and sometimes they get dehydrated and
is dizzy and that that could have happened. That made
18 sense to me. At that point -- other than that, I
20 didn't know what would have caused that to happen.
21 BY MR. KEMP:
22 Q. So the two operating theories are either a
23 windblast or perhaps the bicyclist was physically
24 impaired?
25 A. Correct.

Litigation Services | 800-330-1112
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Page 44

1 Q. Okay. Anything besides that?

2 A, Not that I could think of.

3 Q. Okay. And as we sit here today, which

4 makes more sense to you now?

5 A, After discussing the wind drafts, that

6 could make sense. |

7 MR. ROBERTS: Objection. Foundation.

8 BY MR. KEMP: |

9 Q. So as we sit here today, you think it's
10 more likely than not that the bicyclist started
11 wobbling because of windblast?

12 MR. FREEMAN: Objection. Foundation.

13 THE WITNESS: That could be a possibility.
14 RY MR. KEMP:

15 Q. Okay. It could be a possibility, but

16 that's the most likely possibility as we sit here

17 today; right?

18 MR. ROBERTS: Objection.

1% MR. FREEMAN: Objection.
20 THE WITNESS: I'm not a scientist. I can't
21 make that judgment.

22 RY MR. KEME:

23 Q. Okay. I'm just asking what you saw.

24 A. Right.

25 Q. Okay. All right. Now, with regards to how

Litigation Services | 800-330-11i2
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Q. Did you notice anything about whether his
helmet was crushed or not, bicycle helmet?

A, I did not pay attention to his helmet.

Q. Do you know whether or not he had a bicycle
helmet on at the time of --

A, He did have a helmet on.

Q. So you think his torso was crushed by the
bus: is that correct?

A. I don't recall specifically. I think it
was either, yes, his torso -- I don't think it was
his legs.

Q. Okay. And what about the head? Do you

know whether or not the head was impacted by the

bus?
A, That, I don't know for sure.
Q. Don't know one way or the other?
L. No, sir.
Q. Okay. Let me show you a video that depicts

a safety device known as the S-1 Gard.
(Video played.)
MR. KEMP: Okay. Stop.
BY MR. KEMP:
Q. First of all, with the exception of the
safety device pushing the rider out of harm's way,

that was pretty much the way you think the bicycle

Litigation Services | 800-330-1112
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Page 58
rider in this case fell intoc the bus?
A, Yes.
MR. ROBERTS: Objection. Leading.
BY MR. KEMP:
Q. Torso under the back two tires?
A, I believe so, ves.
Q. Okay. So that video would be substantially
similar to what you think happened?
A, Yes.
Q. Qkay. Now, with regards to -- let me show
you an actual S-1 device.
Okay. What this does is it fits on to
the -- excuse me. It fits on the other way -- to

the front of the back rear tire here and then here‘'s
the curved part. You understand from the wvideo and
looking at this how it works mechanically?

A. Uh-huh.

Q. Okay. Based on the facts as you saw them,
do you think a device such as this would have saved
the doctor?

MR. ROBERTS: Objection. Foundation.
THE WITNESS: 1It's possible.
BY MR. KEMP:
Q. Okay. I know it's possible, bﬁt based on

what you saw and what you remember, do you think

Litigation Services | 800-330-1112
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Page 59
Correct?

A. I would agree with that.

Q. Okay. ©So can we rule out weather as a
cause of the bicycle wobble?

A, Sure.

Q. All right. So what I'm left with is
plaintiff's theory of windblast and no -- no
evidence for any other cause.

MER. BARGER: Form.

Q. (By Mr. Kemp) I know you don't agree
with windblast. I'm not suggesting you do. But
none of the other causes have -- potential causes,

gix, you have any evidence that supports them.

A. And, again, with regard to wobble, I
don't know how many times I've had to say this, but
it's ~-- there is no physical evidence that I can
rely upon. It's purely based on testimony. That's
all we have to go with. Now, if we're gbing to talk
about the causes of the crash, those -are the féctors
I cutlined for you at the beginning of the
depcsitiocon.

Q. We'll get to the causes of the crash.
You know, I always like to start at the beginning,
which is the wobble, and then move to the contact.

Okay? We'll get to the contact, I promise.

Litigation Services | 800-330-1112
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Page 75
Are you familiar with that system?

L. Yes. Her's, I believe, does give you
some gort of an audibkle signal as well.

Q. Okay. Did that come with the car or did
you order that as an option?

A, I ordered that as an option.

Q. And why did you think a blind-spot
warning system in your wife's Kia would be a good
option?

A. Well, my wife's not a very good driver.
I thought this would be an assistance to helping her

drive better.

Q. Do you drive the car yourself?

A. I do.

Q. Have you found it to assist you well --
as well?

A. It's helpful.

Q. And I assume you're a good driver.

A, I think I am.

Q. Okay. So even a good driver like you

can be assisted by a blind-spot warning system.

Correct?
A. Sure.
Q. Have you had any problems when ybu're

driving the Kia, you personally, when things

Litigation Services | 800-330-1112
www.litigationservices.com
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: '.':Robert E. Breidenthal
*. 5722 NE 56" Street o
BN Seanlc, Washmgion 98105~2004

Da\enme telephone -
- “Home te]ephone b {206) 522-8718

: .‘Tllf,ric Peppennan, Esg.
:Amomey
“Kemp, lones & Coulthard, LLP

. Las Vegas, NV 89169 e

-,1 1) Optmon letter of Dr Jdmes R lek dated Ociobt.r ]9 2037
:';i"{n) Opmmn lencr ru.po:to{ Mr KwanJ Grauut da{ed Ocmber 18, 2017

") “A wind tunnel investipation of the aemdvnam:c characteusucs of buses for motor coach indusiries™,

1002437

(206) 685-1098

":.j%ru S o0 206) 543-0237 B
'brqid‘cnﬂmi@gma.u,c_om' R

October 24, 2017

Wells Fargo Tower, 17th Floor

Dem'Eric;. IR

o 1 have reviewed Lln. addmona] maten w]s you sent me concemmg 1he caae othxabam v. M(,I wiuch m- :
"»_‘ciude SR : s . . LR g :

002437

K. R. Cooper. Motor Coach Industries Engmbe; mg Test chon 93 0026 Insutute fox Acmspace Re—
search LTR-AA-G, August 1993 Y o - .

My opinions are based on these documents. . -

'__1) The zerodynamic force on a cyciist depends on the speed of the relative wind. Thus the serodynamic

_-force on amoving cyclist would be different from the measured force on a stationary eyclist dummy.
-~ The force measurements on: a cyclist reported by M1 C-ranai (Refexence u) appea: to be hnnted to an
A]Dcychszdumm) that is smtxona:v ey . L . ’

‘ .,'-_2) The effect of the aerodynamic force on the d)nam:cs of the cyclist will depend on the fotal impulse of
5 the force, which is the integral of the force over time. The time interval that the force acts on a cyclist,
- . ‘and hence this integral, will be greater for & cyclist moving along in the same direction as the bus than
.~ for a stationary durminy because the bus passes a stationary duminy more rapidly than it passes the mov-
. ing cyclist. Thus the impulse depends on the relative speed of the bus and the cyclist. The duration of
" 'the aerodynamic force increases over that on & stationary dummy by about o factor of about 2.2 for the o
" moving cyclist at 13,5 mph and the bus speed of 25 mph, with a relative speed of 1.5 mph Mz Gran— P
. f-'j:ai 8 Rmet (l\efel ence n) dow net mennon an} unpulse measurements. : S S

o ':_'1 "3) This 1t‘.pm“l a!so does not mdlcate :hc frequencx 1esponse of the joad cell used 1o measure the force. If

* ‘the frequency response of the load cell is inadequate, the measurement of the transient force will not be
correct. Negleoting ambient wind, the lateral aitflow on a stationary dummiy both before and afierbus . - -
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"+ Robert E. Breidenthal

“ % load cell will tend 1o smear out the oscillating fransien; force and yield a low peak foree. .-

_ {4y Even with a perfect Joad cell of infinite frequency response, the inertia of the stationary dummy will
T -tend to reduce the output of the load cell under rapidly oscillating aerodynamic oads. Only if the mass
.- of the test dummy apparatus was zero would the force applied to the load celi equal the true instantane-

.+ ous agrodynamic force. According 1o page 5 of Mr. Granat’s Report, the ATD cyclist combination

dusmy is ot similar to what occutred in the accident, | ¢

o 5) According ta page 7 of the opinion ]éttcr_ of Dr, Funk, the cyclist’s speed was approximately 13 - 14

:"'mph. Using a figure of 13.5 mph instead of the value of § mph assumed in the illustrative example in
my cpinion letter of October 4th, 1 estimate that the magnitude of the oscillating lateral force on the cy-
clist is again approximately 10 ibs. The other assumptions are unchanged (an ambient wind out of the
- west of 6 mph, a local flow speed of 40 mph with respect to the bus at the position of the cyclist near the
. " ight front corner of the bus end a 30 degree angle of that flow). This estimate is conservative in the
" sense that it does not account for the additional contribution from a lateral pressure gradient toward the

U 'bus associated with curved streamlines near the region of separated flow., .. - -

"6 The acrodynamic testing of various bus geometries in the MCI wind tunnel report (Reference iii above)

" indicates that by modifying only the shape of the front of the bus, the drag coe fficient was reduced from
+0.558 (“Standard CJ3”) 10 0.357 (“Proposai 27) at the higher tunnel speed of 120 km/h, a reduction of
“about 36% (Table 6.1 on page 13). This decrease in drzg coefficient corresponds to a reduction in the

region of separated flow, so that the effective aerodynamic width of the bus is reduced. Another shape,

- Proposal 1”, performed nearly as well. ft appears that MCI did not use the optimum combination Pro- .

: :posal 2 with the beveled aft end in the accident bus. . . %

" Very truly yours, -

| -passage is zero, Consequently, the average Jateral aerodynamic force is also essentially zero. Aslow . - -

“weighs 214.5 1bs, For the reasons listed in paragraphs 1-4, the force experiment with the statiopnry = - '
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Alexander W. LaRiviere

Bicycle Accident investigations
11842 Digples 5t. / P.C. Box 130
Fart jones, CA 96032

Decemiber 08, 2017

Wiit Kemp, Esq.

Kemp, jones & Coulthard,LLP
Wells Fargo Tower, 17" Boor
Las Vegas, Nevada B916%9

AMENDED REBUTTAL REPORT
Re: Khiabani vs. MC}
Dear Mr. Kemp:

fam amending my Rebuttat Report dated 10-22-2017. The opinions contained within my Rebuttal
repert dated 10-22-2017 have not changed, new field work was performed in support of my previously
expressed opinions. The fieldwork that | performed demonstrates how a 35 mph wind force was
measured {o generate approximately 5.0 pounds of force upon the forward left side of a front wheel
tire assembly, and how when 5.0 pounds of force is laterally placed upon a front wheel tire assembly it
produces approximately 10.0 pounds of force on the left side of the handigbar, when measured 4 inches
feom the center of the stem clamp on the left side of the handle bar, along the angle of the steering
celumn, to.the corresponding focation on the seat post.

002440

An exermnplar Scott Racing road bicycle was toaded with a person weighing 192 pounds. The person was
meunted vpon the seat and was measured for weight distribution under the front and rear tires. A
mounted calibrated load cell was used to measure the weight under each tire. The weight distribution
was measured with the rider in three different seated riding pasitions; {a) no hands on the hzndlebars,
(b} only the right hand on the handlebar, {c) both right and ieft hands on the handfebars. The weight
under each of the frent and rear tires was measured at each hand position.
Resuits: {a) front wheel, no hands 65 lbs.

{b} Front wheet, right hand anly 77 tbs.

{c} Front wheel, both hands 86 {hs.

{d) Rear wheel, na hands 121 tbs.

{e} Rear wheel, right hand only 137 ibs.

{f} Hear wheel, both hands 147 |bs.

The exemplar Scott Racing bicycle was then loaded with weights, the front wheel was placed upen a
load cell and was measured at 65 pounds. The bicycle’s front wheel tire assembly, with 85 pounds
measured under the front tire, was then placed upon a smooth piece of used roadway asphalt, a

1
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calibrated push/pull scale was used to measure the pounds of force exerted by the 35mph wind speed.
A modified van traveling at approximately 35 mph was used to create the 35mph wind speed. The
bicycte was mounted within the van, perpendicutar to the van, approximately in the middie of the van.
The pizce of asphait was miounted to a platfarm which extended beyond the side of the van, the front
wheel of the bicycle was extended cut the open side of the van approximately 15 inches {the side door
of the van had been renroved). Whan the van was traveling at approximately 35mph, approximately 5
pounds of lateral force was measured on the side of the tire, at the rear portion of the front wheei tire
assembty.

Handiebar Leverage Test: When the van was traveling at approximately 35mph, using a calibrated
push/pufi force gauge which was mounted between the left side of the handiebar {af two different
tocations] and the seat post, along the angle of the steering column, the force was measured at 10
pounds of force at 4 inches from the center of the stem and § pounds at 8 inches from the stem.

Additianal Opinion: it is my opinion, that the Scoit Racing bicycle that § used for my testing is
substantially similar to the subject bicycle, and the results would be the same if the subject bicycle were
used for same testing.

Attached to this report are 6 photos depicting the methodology | used.

Respectfull ';ubfty’tgadr..mm

i 7

Alexandsr W. LaRiviete
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Page 70
bus manufacturer should reduce the drag coefficient,

if possible?

A. Well, I -- I think there's a -- there's
probably a benefit with respect to fuel economy.

Q. So you =--

A, Now -- now, that --

Q. -- think --

A, -- that might have to be balanced against
whether it still looks like what it needs to look
like in order to serve its function, if -- if it's
geometrically consistent with what it needs to do.
Things like that.

Q. So fuel economy and other reasons, YOu
would agree that a manufacturer should reduce the
drag coefficiency of their bussges?

A, They -- they could, to improve fuel
economy .

Q. And they should?

A They could.

Q. Was there a reason they shouldn't improve
fuel -- fuel economy?
A. Well, again, to maintain the othér

functions of the bus, coach, whatever it is.
Q. All right. ©Now, assguming for the sake of

argument that you could have reduced the drag

Litigation Services | 800-330-1112
www.litigationservicesg.com
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Page 71

1 coefficiency by a factor of 2, in other words, cut it
2 in half, would you expect that the air displacement
3 coming off the front of the bus would also be
4 reduced?
5 A, Oh, I haven't done -- I haven't done the
6 calculation, but half of a pound is still -- is still
7 insignificant and trivial in the context of
8 controlling a bicycle.
9 Q. And when you say it's insignificant and
10 trivial, you don‘'t know what one half of a pound will
11 result in on the handlebar; is that right?
12 A, It's not exerted on the handlebar, sir.
13 Q. If you exert pressure on the tire, does it
14 not transmit the pressure to the right handlebar?
15 A, I -- I guese you're arguing some
16 hypothetical where the -- the load is only on the
17 three o'clock position on the tire, and I'm just
18 having trouble with that. |
19 Q. So you think if there's air displacement
20 coming off the bus, it hits all of the tire equally
21 at all times?
22 A. Well, you -- you're arguing that it's
23 somehow differentially affected, and I ~-- I don't --
24 I don't see that basis. aAnd -- and you.neea --
25 Q. Dr. Kato --
Litigation Services | 800-330-1112
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A -~ cross-sectional area for the load to
accumulate. And I -~

Q. That's what Dr. -- that's what Dr. Kato's
paper said that you agreed with a minute ago.

A. I -- I did not agree with your proposition.
That this is a load exerted on a -~

Q. But you'‘re --

A. -- portion of the --

Q. You --

A. -- tire? You're -- you're -- you're just

mixing up the words that he's got in his text.

He isn't talking about load being applied
to a portion of the bicycle tire. He's talking about
a load in the outward direction on the bicycle and
rider, and he's talking about a load in the inward
direction. We evaluated those, Mr. Granat measured
those. He evaluated their magnitude. They are
small.

Q. Let me know when you -- you'‘re ddne and

I'll ask my next question.

A. I'm through.
Q. Okay. So when you say it's insignificant
and trivial, you can't tell -- tell me what you think

would be significant and non-trivial in terms of an

air blast.

Litigation Services | 800-330-1112
www.litigationservices.com
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A. I -- I -- you know, I didn't take it up to
a destabilizing condition. We -- we evaluated locads

that were four and a half times through the rocket
engines what the disturbance is from the bus.
Didn't -- didn't do anything. It was barely
perceptible. I think what was percept --

Q. Four and a half times --

A, -- what was perceptible was the -- the
noise of the rocket firing, but in terms of the load,

I could barely perceive that.

Q. Okay. Four and a half times what?
. Four and a half times the load levels
measured when the bus passed the cyclist, the -- the

ATD cyclist at 25 miles an hour.

Q. One of which was two and a half? Yes?
A, That was inside 2 feet.
Q. So you're saying that you used this rocket

test to measure 4.5 times 2.57

A. No. The majority of Mr. -- Mr. Granat's
observations were below 1, and the one that you're
focused on was on a very tight pass.

Q. Well, the witness testimony is thét the
bike was within 1 and 2 feet of the bus, right?

A. There's witness testimony all over the map.

There's witness testimony that the bus moved into the

Litigation Services | 800-330-1112
www.llitigationservices.com
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Page 74
bike lane.

MR. KEMP: All right. Why don't we
take our first break.
THE VIDEOGRAPHER: Please stand by.
This will mark the end of video number ocne.
The time is 11:24 a.m. We are off the record.
{(Off record, in recess from 11:24 a.m.
to 11:36 a.m.)
THE VIDEOGRAPHER: We are on the
record, The time is 11:36 a.m.
This marks the beginning of video number
two in the deposition of Michael Carhart, Ph.D.
Please begin when ready.
BY MR. KEMP:
Q. All right. Doctor, could we look back at
Exhibit 2, please, your December 6th, 2017, report.
A I'm ready.
Q. Okay. And I'm interested in page 2 where
you say, quote, *The projections demonstrate a lack
of compression of the EPS foam liner in the region on

the left side of the helmet."

A. Right.
Q. What -- what does that mean?
A, Well, as I understood Dr. Stalnaker's

testimony, he opined that the helmet was overrun, and

Litigation Services | 800-330-1112
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DAVID KRAUSS, PH.D. - 11/09/2017
Page 75
1 3Y MR. KEMP:
2 Q. And the reason I think you said to have
3 proximity sensors is that in the case where there
4 are blind spots, it might alert the driver to a
5 potential hazard, right?
& A, Well, there are a lot of reasong for
7 proximity sensors, right? One is kind of the blind
8 spot detector. Like I said, I've got the kind in my
9 wife's car when we pull into the garage and as we
10 approach that front wall, it beeps at us. That's
11 very useful.
12 Backing up, you're getting close to a
13 vehicle. It beeps at you. Those are all proximity
14 sensors. And depending what the maneuver is and
15 where they're located, they can be extraordinarily
16 useful. For this particular application, they don't
17 help.
18 Q. And this particular application we're
19 talking about is not running over Dr. Khiabani?
20 A. Preventing this particular accident, yes.
21 Q. And in your report you indicate that this
22 bus does have a blind spot of -- I think you said
23 52 inches. Is that what you said? 1It's on Page 5,
24 underneath Figure 1.
25 A. It's about a 40-inch -- oh, wait. Bear
Litigaticn Services | 800-330-1112
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with me. Hang on.

So that was at five feet out. You lose the
visibility of the bicyclist completely fdr about
40 inches.

At three feet away you always have at least
partial visibility of a c¢yclist.

Q. And by partial visibility, you're talking
about the top of his head, a piece of the handlebar
or sgomething?

A. Yeah. It could be something small like
that. That's how we define sightlines. and you
need to bear in mind when you look at these. I
agree with you. If we take a snapshot, which I've
actually done in the report here, and show kind of
what you're describing, you're absolutely right.

I mean, if you're riding along ox you're
next to somebody and that's all you have
continuously, I agree. That's not that useful. But
when you're doing a visibility study and quantifying
sightlines, those count because it's dynamic.

So, for example, if you see the bike up
ahead, you have that input that at some point, yes,
part of it's going to disappear. Maybe all you need
is a much smaller signal.

And that's really what we have is when

Litigation Services | 800-330-1112
www.litigationservices.com
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you're far back, you can see more of the bus. When

you passg the bus more -- or sorry ~- pass the bike
mora, you can see more of the bike through the
mirrors. That's really what I'm getting at here is
you have to quantify. You have to have a cutoff of
when it disappears for that reason.

Q. So what you're saying is that -- is when
the bike's five feet away from the bus, whén the
front axle of the bicycle was between & and 46
inches from the front of the bus, none of the

bicycle was visible?

A. Correct. That's through windows and/or the
Mmirrors.
Q. So that would be a 40-inch blind spot at

the right corner, basically?

A, A blind spot is universal, right? It's not
just the right corner. It's when the bus ig five
feet laterally separated from the bus to the right
of the bus. When it's between, again, six inches
and 46 inches from the front, you lose visibility of

the bus for that period of time.

Q. You lose visgibility of the bike?
A. Sorry. Of the bike. Excuse mne.
Q. So given the fact you have this 40-inch

blind spot, you think you should have proximity

Litigation Services | 800-330-1112
www.litigationservices.com
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1 sensors on the bug or that you should not have

2 proximity sensors?

3 A, Well, again, a 40-inch gap here may sound
4 material on the page, but let's just take passing a

5 bike. Let's say, that we're passing at the same

6 13-mile per hour speed differential, 20 feet per

7 second.

8 {(Reporter regquests clarification)

9 THE WITNESS: We're going to cover 40 inchesg

10 and -- what is that -~ about a quarter of a second.
11 BY MR. KEMP:

12 Q. Uh-huh.

13 4. So it's -~ that's about a quarter cf the
14 time of a typical glance to a mirror. SO you may
15 look up and there may not be anything there, but it
16 will appear before you even have time to loock away
17 from the mirror.

18 Q. Okay. You do understand that the bus was
13 approaching an intersection at the time of impact?
20 | A I do.
21 Q. And usually when you approach
22 intersections, you look left to the adjoining
23 traffic, the traffic that is coming in to you?

24 A. Not when there's a traffic signal, not

25 typically.
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www.litigatiocnservices.com

002460

002460

002460



T917200

DAVID KRAUSS, PH.D. - 11/09/2017

10

11

12

13

14

15

16

17

18

18

20

21

22

23

24

25

Page 79
Q. So you just blow through the green and you

don't look to see whether people have actually
stopped? That's your practice?

MR. RUSSELL: Objection. Foundation; relevance;
speculation.

THE WITNESS: Typically, the case is we put a
lot of faith in oux traffic Signais. Yes.

BY MR. KEMP:

Q. So you don't think Mr. Hubbard should have
looked to the left to see if the other people were
obeying the red light traffic signal beforé he went
through the intersection?

A, So to the extent it had just turned réd,
which I don't think we have any testimony on the
timing of the phasing, no. I mean, he was going
through. It was clear. Nobody was encroaching on
his path. He was right about that. And people
typically don't look left and right when they go
through a green light. l

Q. Well, actually, the training manual for the
bus company says he should look left and right when
he's going through a light. That's what they train
these people to do.

A. Okay. That's fine. I'm not saying it's a

bad practice. S8aying typically when you study

Litigation Services | 800-330-1112
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driver-lcoking behavior, ycu have a green and yocu're

going straight, you centinue on doing that.

Q. Okay. All right. So I think you said that
you don't know one way or the other whether the
J4500 has ever had proximity sensors or other blind
spot detection capability, right?

A. Correct.

Q. Okay. Why don't we take a look at
Exhibit 6. Yeah.

A, Okay .

Q. And thisg is a brochure for the current
edition of the J4500, the 2017/2018 edition. And I
would ask you to look specifically at Page 21 where
it talks about specifications. You loocking at 217

A, Getting there. OCkay.

Q. And Item Number 2 is the Bendix wingman
advance system with adaptive cruise controi and
collision mitigation functionality. And then the
second to the last item is the side-view cameras
integrated into the mirror head. Do you see thosge
two things?

A. I do.

Q. Okay. Prior to today, did you know that
the current edition of the J4500 came equipped with

a wingman system made by Bendix that has collision

Litigation Services | 800-330-1112
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Q. And by "gpray pattern," you're just
basgsically looking at where that goes?
A, Correct.
Q. Okay. Doeg that really have anything to do

with aerodynamics?

A. I didn't think so. But, I mean --

Q. Okay. All right. Now, Item Number 4 asked
for the_general parameters of the design or
engineering for right-side visibility for the time
period 1997 to 2016. Do you see that one?

A Yes.

Q. Okay. What were the general parameters
limited to the E series and the J series?

A. At that time, we did a computer model that
we'd loock and we'd locate the eye in the driver's
seat. And from that eye, get the view that the
driver would see. There was studies done in that
regard. There's no records of those studies because
they were studies.

Q. Okay. Are those called line of sight or
vigibility optimization studies or something like
that?

A. Well, we called them line of sight. It
would show you what you could see from the driver's

geat. You would locate the driver's eye and you

Litigation Services | 800-330-1112
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Page 4%

1 would look out as far as what the -- particularly

2 the windshield and the wiped area and the defrost

3 area and those kind of things are clear.

4 Q. When you do the line-of-sight study, how do
5 you account for the fact that drivers are different
6 sizes and they put their seats in different

7 adjustment --

8 A. There's SEE guides on the 5 percentile, the
9 50 percentile, to 90 percentile. You try to move

10 the eye relative to those.

11 Q. So you think there was computer mddeling

12 done for the E series and the J series?

13 A. It was not done for the J series.ﬁrI think
14 it was done for the E series because that would be
15 common practice.
16 Q. Okay. And so the computer modeling in

17 general was done to try to see what the driver would
18 see with regards to, in this case we're talking

15 about right-side visibility?

20 A In this particular case, what he would see
21 lecoking through the windshield to the mirror and

22 down to the right-side visibility.

23 Q. And you said you don't think the computer
24 modeling exists as we sit here today?

25 A. I have found no records of it. But back

Litigation Services | B800-330-1112
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1 scenaric where it's all glass.

2 Q. Let's go to a real J4500.

3 A. Let's go real world.

4 Q. Okay.

5 A. If that's all right. 2and, yeah, it will --
6 it is a blind spot. Although because the driver is
7 quite a ways away from it, the angle is very narrow
B for the right-hand A pillar. But an A pillar in all
9 vehicles creates somewhat of a blind spot.
10 Q. Okay. 2And what about -- between the‘window
11 and the bottom of the side of the bus there's

12 something called a sill we've heard it referred to?
13 The sill divides the window on the right side from
14 the bottom. What do you call that?
15 A. You can call it anything you want; It can
16 be called a sill.

17 Q. Okay. So the solid structure, if it is
18 solid, of the bus, under the window from the sill on
19 down, that would also be a right-side obstruction?
20 Al No.
21 Q. Why not?

22 A. Because when the driver is driving.the bus,
23 his number one thing is to look out the windshield
24 to see where he's going.
25 Q. Okay.
Litigation Services | 800-330-1112
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is this a computer model, or what is this?

A, Both.

Q. So computer models were done for the J
series?

A. No. I said they were not.

Q. Were not. Yeah, that's what I thought you
said.

A, Previously I said they were not.

Q. Okay. So the only computer model is the
one for the E series that no records exigt for?

A, I presume they were done because that's our
standard practice.

Q. So when you said they were done, you
think -- you don't know for an actual fact that they

were done, You think they may have been ddne, Is
that fair to say?

A, I cannot tell you that they were done
because I have found no records of them because we
don't keep records of study. I'm saying it's just
their standard practice.

Q. When you say "their standard practice,”
you'‘re referring to MCI's standard practice or bus
manufacturers in general or what?

A, Bus manufacturers in general would look --

do look into that.

Litigation Services | 800-330-1112
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retrofit on the whole brake control system. Again,

you still have the engine communication system
issue.

Q. Do you know, as we sit here, whether or not
the WABCO system could be retrofitted to the
pre-2014 J series?

A. I mean, 1f you replaced the engine,
replaced the whole brake contrel system, and

replaced the instrument panel and replaced all

that --

Q. Why would you have to replace the brake
gystem?

A. The brake contrecl system.

Q. Okay.

A. 1f you replaced all -- the whole electrical
system, the brake control -- I mean, it's a bus. If

you took everything out of it down to the frame and
started over, you could probably do it.
Q. Okay. That would be expensive I assume?
MR. RUSSELL: Chjection. Foundation.
THE WITNESS: It would far exceed the value
of the bus.
BY MR. KEMP:
Q. Okay. Was there any consideration to using

a proximity sensor that did not include brake
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involvement prior to 20147?
i Not that I'm aware of.
Q. And are you aware that there are retrofit

kits on the market for proximity sensors that will
purportedly give you some sort of warning of side
collisions?

A. There's a lot of aftermarket kits for
varioug things out there.

Q. Okay. And do you know whether there®s an
aftermarket kit for proximity sensors that would
gerve as some sort of warning of side detection?

A. I'm sure there is. There's a lot of kits
for various things out there.

Q. Okay. And has MCI investigated those?

A. Well, today MCI has a 360-camera system
that it offers. It also offers a camera in the
mirror.

Q. Okay. Before we get to that, let's talk

about the off-market kits that we were talking
about. Did MCI investigate whether or not to use
any of those?

A. Not that I was involved in.

Q. Okay. And, in theory, that type of
off-market kit could be retrofitted to a J series

bus and at least have a warning feature if not an
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1 moved out of the way of the rear tires?

2 A. There was several scenes that they had put
3 together and I don't recall that one, but it could

4 have been there.

5 Q. Okay. Let me ask it a little differently.
6 Do you recognize that there's a theoretical

7 potential that pedestrians or bicyclists could

8 potentially be run over by rear tires of a bus under
g some scenarios? |

i0 A, There may be a scenario where that could

il occur.

12 Q. Okay. And generally -- you understand

13 generally that that could happen under some

14 scenarios?

15 A. It's possible that that could happen.

16 Q. Okay. And basically bus manufacturers have
17 always known that?

18 MR. RUSSELL: Objection. Foundation.

19 Cutside the scope.
20 THE WITNESS: Have always known what?
21 BY MR. KEMP:

22 Q. Well, let's put it differently. You knew
23 back in, let's say, 2000 that this was a pétential
24 scenario? )

25 A, There's a potential that a bus tife can
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Q. Okay. Has there been any consgideration

made to making a more extensive fender for the

J45007

a. I don't know what that means.

Q. Have you seen buges that they have the wall
just cover the entire -- or coaches, excuse me,

cover the entire rear wheel section with surface

material?
A. Coaches?
Q. Yeah.
A. I've seen transit buses.
Q. Okay. VYou've seen transit buses like that.
A, I have not seen coaches.
Q. Okay. And what do you call a transit bus

when it does that?

A, I don't know.
Q. Have you heard the term "spat®?
A. You can call it that, I guess, if that's

what they call it.

Q. Have you heard that term?

A. I've heard the term "spat."

Q. Okay. And what does that mean to you?

A. It's just the decorative closeout over the
tires, tire area. |

Q. and would I be correct that spats preclude
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1 humans from coming into contact with the tires to a
2 greater extent than the fender on a J4500 would?

3 MR. RUSSELL: Objection. Foundation.

4 THE WITNESS: I don't know that. I don't
5 see why it would.

& BY MR. KEMP:

7 Q. Okay. If you have a person next to a

8 J4500, there's basically no barrier between the

9 tires and the person; right?

10 A. Certainly the tires are exposed if that's
11 what you mean.

12 Q. Yeah, the tires are exposed. And in the
13 trangit bus with spats, the tires are not exposed;
14 right?
15 A. Yeah, part of the tire is not exposed.
16 Q. Okay. 2and by -- basically there®s 3 or
17 4 inches of the tire exposed. That's it; fight?
18 A. I don't know the exact dimension. I know
19 part of the tires are exposed.
20 Q. Has there been any consideration given to
21 making the fender of the J4500 larger or more
22 encompassing so less of the tire's exposed?

23 A, In a motor coach, we can't do that.

24 Q. Why is that?

25 A. A motor coach has tremendous -- is used in
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Q What kind of car do you have?

A A Toyota Highlander.

Q And if I told you that since 2000 there has been
proximity sensors in Mercedes that can detect whether a car is
in front of you at a certain range, would that surprise you?

MR. ROBERTS: Objection, foundaticn.

THE WITNESS: Not with a Mercedes. I know new cars
have lane detecticon in front, but --

MR, KEME:

Q And when you were at Ryan's Express., didranyone at
Ryan's Express design buses?

A Not that I'm aware of.

Q Did they make buses?

A No, sir,

Q Was MCI one of the companies that provided buses to
Ryan's Express?

A Yegs, sir.

Q Are you familiar with an MCI, model of an MCI bus
called a J-45007?

A Yes, sir.

Q And is it your understanding that MCI made that
particular bus?

A Yes, sir.

Q Did you expect that MCI would design its buses in a

reasonably safe manner?
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Page 38
A Yes.

MR. ROBERTS: Objection, form, foundation.
MR, KEMP:

Q Go ahead.

MR. ROBERTS: You can answer, that's just for the
court later om to rule on.

THE WITNESS: I would assume, yes.

MR. KEMP:

Q And why so?

A Just because it's a mode of transportation, just like
all the car companieg and everything.

Q And have you seen buges with proximity sensors?

A I have not, no.

Q 2nd if I told you Volvo was making buses with
proximity sensors, would that refresh your recollection in any
way?

A Well, we had a couple of Veolves, but I don't recall
that they had proximity senscrs on them.

0 Do you think a proximity sensor based on your
experience with buses would be a good safety feature for a bus?

MR. FREEMAN: Objection, foundation.

THE WITNESS: My opinion, my perscnal opinion yeah, it
would be a good idea.

MR. KEMP:

Q Why is that?
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1 mini buses. But basically I think that was it.
2 Q So quite a few different brands yocu have driven?
3 ).y Yes, eir.
4 Q And are you familiar with the standard of quality in
5 the motor coach industry?
6 A Yes, sir.
7 Q Did you ever feel that the MCI J-4500 that you used to
8 drive was unsafe as compared to other manufacturers' motor
§ coaches?
10 A No, sir.
11 Q Mr. Kemp talked to you about visibility. Did you ever
12 feel that you couldn't see emough in order to drive safely and
13  avoid pedestrians and bicyclists and other motor wvehicles?
14 A The older MCI, I know the mirrors vyou had more blind
15 spots than the newer MCIs. But every bus you still, you can't
16 just sit there, you got to move your head.
17 Q Okay. And even though you had never heard rock and
18 roll, we got a video here, and you know that you moved your
13 head back and forth to make sure --
20 A Right, you can't just sit stationary. You got to move
21 to look. |
22 Q That you are looking around blind spots or
23 obstructicns?
24 A Right. And the right side is the worst side.
25 Q Do you remember about what year of manufaéturer you
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cities it would be a good idea to have all cars have seatbelts?
.Y Yeah.
Q Same for air bags?
iy Yes.
Q Same for proximity sensors?
A I think the -- right now is it required? No.

Personal opinion, should, you know, maybe they be on buses,
yes, but I can’'t speak other than that personal opinion.

Q Okay. Aand the reason you have that personal opinion
is, as you already said, the right gide is the quote, worst
spot for blind spots, right?

A Correct. Yes, sir.

MR. ROBERTS: Objection, foundation.
MR. KEMP:

Q And that's based on your years as a bus driver and a
bus safety analyst, it's your opinion that the right side of
the bus is the worst spot for blind spots, correct?

A Correct, and also just as a CDL driver.

Q and by worst spot, do you mean less visibility on the
right side than any other area?

A You have more blind spots on the right side than you
do on the left.

Q So if you are going to put -- if you were going to put
a proximity sensor on one side or the other, it should be on

the right side certainly in your opinion?
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In my copinion, yes, sir.

Now, we talked about the MCI J-4500, and I believe

Mr. Roberts misspoke, or someone misspoke, saying it didn't

come out

until 2010 or something like that. It actually came

out in the year 2000. Are you aware of that?

A

Q

I don't recall exactly but sounds reasocnable.

But in your view the older MCI, whatever that means,

had a problem because the mirror had more blind spots; is that

correct?

MR. ROBERTS: Objection, form.

THE WITNESS: It was the blind spot based on where it

was positioned you had spots to the front, more blind spots,

yes.

A

2

the 2008

Q

MR. KEMP:

And that would be the older MCI; is that correct?
Yes, eir.

And as we sit here today do you know whether or not
MCI was what you would consider an older MCI?

MR. ROBERTS: Objection, form and incomplete.

THE WITNESS: It was older than 2008.

MR. KEMP:

Are you aware of what's commonly called a European

mirror that comes from the top down as opposed to from the side

of the bus up?

A

On the Setras, like the Setrag lock like --
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1 A Just my persgonal opinion, sir, yes.

2 Q And so just to make sure this is real clear on the

3 record, in your personal opinion the Setra, with the overhead
4 mirrors has less right side blind spots than a J-4500} is that
5 correct?

6 A In my personal opinion, yes, sir.

7 Q So if the only factor was right side visibility, you
8 would prefer a Setra over a J-4500?

9 MR. ROBERTS: OCbjection to form.

10 THE WITNESS: Personally, yes, sir.

11 MR. KEMP:

12 Q And we alluded to one of the potential criticisms of
13 the overhead mirror is that some drivers aren’'t familiar with
14 it, and they might bump into things going in and out of the

15 yard; is that fair to say?

16 A Yes, sir.

17 0] But if you are a good driver that's not a problem,

18 right?

19 A Yes, sir, but sometimes, you know, space requirements
20 getting that bus in, you know, with the posts and piliars and
21  you just got to be on your game.
22 Q Okay. Well, you got to be on your game anfway,

23 because you are a common carrier, right?

24 yiy Correct.

25 Q Okay, and speaking about common carrier, Ryan's was
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should be doing.
Q And what did you mean when you say you are trying to
get over?
A If you can maneuver cver, because even if you got

three feet, I mean if you can change the lane, that's the best,
but you know.
MR. ROBERTS: Okay. Thank you, ma’am. Nothing

further, Will.
EXAMINATION

BY MR. KEMP:

Q Okay, just briefly. You said that you didn't think
the J-4500 blind spots were, in Mr. Roberts words, ﬁnreasonably
unsafe, unguote. Okay, do you remember that testimony?

A Yes, sir.

Q But they can be improved upon, right?

A Yes, sir.

Q And is there any reason why you shouldn't be as safe
as possible whether you think -- I'm not sure I know what you
mean by unreasonable, but is there any reason in your mind why
you shouldn‘t be as safe as possible?

A Well, you would hope everybody is as safe as possible.

Q Now, with regards to the right side blind spot of a

J-4500, would I be correct that the closer you get to the
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bicycle when you are overtaking it, the more of a problem the

blind spot becomes?

A As you are overtaking there will be a spot where you
are going to really have to adjust and look, ves.

Q So the closer you get, the more of a problem the blind
spot potentially becomes on a J-4500; is that correct?

A Well, it's any bus, sir, it's not just the J-4500.

Q But the closer you get to that bicyclist, the more of
a problem the blind spot becomes in terms of visibility, right?

A Well, you have got to pay more attention.

Q Because the -- it becomes a bigger problem in terms of
visibility, correct?

A Correct.

Q And would I also be correct that when youlare 400 feet
behind a bicyclist or 350 or 250, it's hard to determine
whether you will be two feet, three feet, four feef within that
bicyclist when you go past him?

MR. ROBERTS: Objectiocn to form.
THE WITNESS: 1It's hard to distinguish how close you

are going to be?

MR. KEMP:
Q Right.
A Not if you are using, you know, the markers on the

bus, you should know how far you are from.

Q Okay. So you think if you are 400 feet away from a
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Model Dverviaw: 2008 Yolvo 580~ Volvo Car USA Newsroom

Press Releases

PRESS RELEASE

Model Overview: 2008 Volvo S80

Jun 04, 2007} 1D; 11653

Manufacturer's Suggested Retait Price
580 3.2: $38,705

580 76 AWD: $42.045

580 V8 AWD: $43,210

Destination; $745

All new last year, the acclaimed Volva S80 gains an exciting new dimension in performance for
20608 with the introduction of the turbocharged T8 AWD. This revolutionary new model fits
perfectly between the normally aspirated SBO 3.2 and the flagship S80 V8 AWD.

Based on the S80's compact 3.2-liter 235-horsepawer infine-6 cylinder engine, the T6 version
has a displacement of 3.0 liters, producing 281 horsepower and 295 Ib.-ft. of torque. Maximum
torgue is on tap from just 1,500 rpm and remains available all the way up the rev rangs, resuiting
in remarkably quick acceleration and smooth drivabifity.

The somewhat smaller cylinder displacement of the T6, owing to slightly narrower cylinder bore
and shorter stroke, is compensated by a single turbochargsr with twin-scroll technology. This
takes in exhaust gases in two stages with inflow divided into lots of thiree cylinders each. Thus,
the T permits the use of a more compact and simplified turbo that provides extremely swift
respanse with the lowest possible fuel consumption and exhaust emissions.

Like the S80 V8, the T6 is fitted with Volvo's All Wheet Drive with Instant Traction. Using an
electronically controlled hydraulic clutch, the system distributes drive between the front and rear
wheels to ensure the best possible road grip in all situations. All 580s feature a standard six-
speed "Geartronic™ transmission.

Mg e, media.volvocars.comvusien-us/madia/pressreleases/ 1 653
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Model Overview; 2008 Velva 580 - Voivo Car USA Newsroom

Volvo's first VB-powered sedan continues to put out 311 horsepower and 325 Ib.-t. of torque,
Changes to the S80 V8 include more standard premium features with bright taillight trim,
brushed aluminum lower door side mcldings, Classic Wood inlay center console and soft teather
seating surfaces. The world first Personal Car Communicator (PCC) is now standard on the
S80 V8 and remains optional on other variants,

In nearly every area of occupant protection the S80 expands Volvo's leadarship in beth
preventative and protective safety. innovations include a side airbag with dual chamber
construction fer enhanced hip and chest protection. Clever structural design employs four
different grades of steel for predictable crash energy absorption. The S80 also features the next
generation of WHIPS rear impact protection and new approaches to pedestrian safety. |

Adaptive cruise control, optional on all S80s, uses a radar sensor to measure the distance to
vehicles ahead and automatically adjust vehicle speed. Collision warning with brake support
works in concert with the system, alerting the driver and applying the brakes if needed. The Blind
Spot Information System (BLIS) is another high-tech option. Cameras near the outside mirrors
detect vehicles that might be in a blind spot and refay the information to the driver.

On the inside, the S80's cabin is fitted with a.super-slim center console, premium leather
seating surfaces and real wood inlays. A power driver's seat with memory, power font passenger
seat and power sunroof is among the list of standard amenities. Also included is a high
performance sound system with 6-disc CD changer, auxiliary input, MP3 capability, a 180-watt
amplifier and eight speakers.

All models can be enhanced with the optional Dynaudio Package that adds a 650-watt amplifier,
Bolby Pro-Logic I Surround Sound and 1 %ynaudio@ speakers, Rear seat headphone jacks
and audio controis are new this year. Sirius  Satellite Radio is also included. Other options
include the Volvo Navigation Systern with HDD, DVD map data and remote control and a dual
screen rear seatl entertainment system.

Keywords:
2008, 580 (2008-2018)

Descriptions and facts in this press material relate ta Volve Car Group's international car range. Described
featurés might be optional, Vehicie specifications may vary from one country to another and may be aftered
without prior notification.

(fusien-
us/downioad/11653/docidoc/)

Attps:haww mediavolvosars comdusfen-usimedia/pressrelaasss/1 1653
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Pedestrian Detection in Transit Bus Application:
Sensing Technologies and Safety Solutions

Faiping Bu, Ching-Yao Chan, Member, IEEE
California PATH Program, University of Calffornia at Berkeley
1357 5. 46" Street. Richmond, CA 94804, USA

Abstraci—Fedestrian salety is a primary traffle {sso2 In urban
environment. The use of modern sensing technofogles to imprave
pedestrian safély has resained an petive resesrch topic for yenrs,
A wvarkty of gensing techpolpgier bave been developed for
pedestrisn detection, Fhe sppllestion of pedestrian detection o
transit’ vebleie platforms is desirable and feasible in the near

fofure, In thiy paper, patential senstag techneiogles are first

revicwed for their edvapiages ond Hmitations, Severad seasors ere
then chosen for further experimental testing and evalustion. A
reliable sepsing system will reguire 1 sombinetlon ef multiple
sensors fo el with neer—raoge lo stufbonary conditions wnd
fonger-range deicetion in moving conditions, Ao appresch of
vehitele-infrastructure Integrated soiution is suggested for the
pedestriat deicetion in transit bus ppplication.

Index Termis— Pedestrian detection, Vehicle infesscruciore
integration, Transit bus, Radar;, Laser sconner

1. INTRODUCTION

Pedestian safety is a primary traffic issus in urban
environment, A glance of national trgh statisiics [1] shows
that sbout 15 % (4,882 out of 42,116 in 2001) of fatalities tewult
from pedestrian-type decidents. The Calfifornia siatistics
conpiled by Office of Traffic Safety (OTS) and Colifania
Highway Patrol (CHP) 2, 3] glsc reflect a significant numbess
of pedestrian incidents with 689 owt of 3,730 fataiitics in the
year of 20100 in e} collisions being pedesirians. Even though
(he parceniage of these accidents may ot be the highest emiong
ali categoriex of accidents or collisions, thess incidenls
represend & considarabls harard to the publis since they often
involve severe injuries o fatalities of pedesitians. It is therefore.
a grest incentive to depioy modern sensing technologies o
asélst drivers in pdeotifying \he presence end muovements of
pedesirians.

The Cetection and prevention ol pedestriap acvidents is not
trivial, to say {he least. Firstofall, inurban traffic enviroament
the paterns of vehicle and pedestrian movements sre very
complicated. On ¢ity streets, there ars NLMCTOUS incations
where pedesitdans may choose to cross in front of vehicle
trajectorics suddenly. Modem sensing technolpgies hive not
matred 1o the extent that can provide the sofution for a reliable
and an accurate means of identifying pedestrinos. in urban
traffic environment with & cluttered background and a range of
visibility under various weather and readway conditions: A
more pragmatic epproach for the field deployment of

pedestrian deteotion technology will be to target s speeific

0-7B03-8041 -1/05/520.00 ©2005 IEEE.

zpplication or scenario where an. integraied syswem approach

can ploy an important rale.

Pedesirian defection for tmnsit bus hss e potential lo be
deployed in the feld in the near fubire, Firsh, transil buses
encounter & large volume of pedestrian uaffic intheir roues,
bus stops, and intersections, Second, Bccidents inVilving transit

buses -are compounded inio transit operationsl &nd cost

problems and impact on mability and efficiency. Third, transit
buzes Tan on pre-known routes and are primary candidates to
integrate infrastructure and vehiclesbased sobutions. Finaly,
transit buses arg higher-priced vehicles and thus can be initial
candidates for sdvanced techrology solutivns with minimam
cost impacs,

Even with the advancements of seniing technologies, the
applicabiliry of a single ype of sensor for different operating
conditions remaing douhtful. 1n this paper, a techaolofy review
is provided first in Section Ii for the potentially applicable
sensing technologies. Promising candidate sensors for fransit
bus application is further investigated through experigtentation
in Section I A vebicle Wnfrastructurs integrmted (VII}
approach is suggested in Section IV and Section V provides a
summary and conciusion oy the paper,

H. SENSOR TECHNOLOGIES REVIEW

Diffesent sensing technoingies such as plezoelectrie sensor,
uirasonic sensor, mictowave radar, fuser scanner sid compuater
vision can be used for pedesteian detoetion. The review o this
seciion wili examine different technologies used for pedestrian
detection aud arafyze their advantages and limitstions,

A. Piezoeléeiric Sensar

For the applivation of pedestrian detection, plezo-cubles with
piezoelentic materal are usuaily fabricated intn & “mat”
When a person steps onto the mat, slecirieal signal is generated
unkil the persbn leaves the mat. Pierogiectric derectors are used
1o detect the presence of waiting pedestrian at o confrolled road
crossing for PUFFIN (Podesirian User-Friendly Inteltigent

Crossing) and PUSSYCATS: (Pedesirian Urban Safcty System

and Comfort 2t TrafTic Signsfsy {44

Piezoelectric deector is d simphe reliable sensor for pedestrian
detection. It does w0l require complex signal processing.
However, it docs require physical contact Bejween the
pedesirian and the sonsor mat, Thercfore, piezoelestric detector
is usualty used for the interseetion pedesitian ceossing,
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B, Ultrasonic Sensor

Ultrasoric detectors emil ulrasonic wave, When vebicies or
pedestrians pass by, the transmitted sound wave is reflected
back to the receiver. Based on the reflected sipnal, objestz can
be- detected for their presenve wlong with their distance and

speed, There are two busic types of wiirasonic sensors.

depending on the waveform of witresonic wave [S]. Pulse
uitrasonic sensors measure the dislangs or presence of Ubjﬂ‘\'.‘-!s
by cending 4 pulsed wlirzsourd wave and then measuring the
flight time of reflected sound-e¢ha, Continnous wave ltmsonic
sensors output continuous ulmsonic wave of cerain Irequency

and use Doppler principle o detect mmr:!zg object and s
speed,

Liltrasonic detecior €4n -defect objects up i 30 feet, The
fimitations of ulirusonic sensors can be semmenzed a8 follows
{6, 7]. First, in prder 1o minimize lost bounced back oltrasound
energy from torget, the preferred installation configurations are
cither ditectly faciag downward (i.e. nadir incidence zngle}
abave %&rget:ng area or atming from 2 horizontatly mouated
side viewing position {side fired). Second, clothing has some
effects on pedestrian defection. Usoally, clothes made of
nateral fiber are more absorbent to sound wave than clothes
made of synthetic fiber, Therefore, pedestrian wearing
synthetic fiber {e.g. nylon} is easily detecied compared with
pedesitian wearing natural fiber (e.g. cotton). Finally, weather
conditions change Hke temperamre, pressure, humidity and
wind will affect the performance of ultcasonic sensors. This is
because the speed ofsound varies agcording to tempersture and
pressure of the medium,

C Merowave Rodar

Microwave radar works in 8 way very similar to ultrasonic
sensors, [ stead of sound wove, electromagnetic wave Is
wansmitied from microwave radar awienna, Based on the
analysis of bounced back signals, objects gan be defeeted
together with their distance and speed,

Microwave radars can be classified o different catcgorics
based on the transmitted clcotromagnetic wave fonn, Doppler
radar transmity & comtinuous wave of canstant frequency. Such
clectromagnelic wave, when reflected from & moving object,
will have frequency shift. By analyzing the frequency shiff, the
speed of sbject can be caletfpted. Doppler radar alone can only
dedect wnoving object with relative speed larger fhen ceriain
threshold.  Another type of microwave radars transimit
frequency-modulated or phase-modulated signal, for examplaa
type of radar stnsor iz based on frequenicy modifiated
continsous wave [FMOW) techeology [8] The distance to
target is detemained by tiime delay of the return signal. Ullen
wide band {UWB) radar i5 a new emerging techniology which
has grent potentinls in JTS npplication [%]. The basic soncép! is
o fransmii and Teceive an extremely short pulse of rmdio wave,
The resultanl waveforms are mxfremely beoadbend. The
procision tining of pulses inherent 1o UWE radar, and the
successful developmant of advanced limer technoiogy has
enabled UWDB. radar capable of detection, ranging and motion
sensing of personnel end objects with centimeter precision.

Radar sensors tan provide sccurnte ohject distance and speed
without compiex signul processing {compared with computer
vision). Rsdar ‘echriology can operste In different
env:mnmenml conditions {e.g. bad weather, poor visibility o
harsh environmental impacts Jike fce, snow of dist coverage),

It inztalled on the vehicle, it can be hildden behind un-shieiding
materials with no influeice on véhicle’s appedrance-and thos
doex not distusb veliicle design, To further differentiate
detested objects, (e.g. podestrigns or other trffic paricipants)
the power spectrdl dengity charscteristics of reflected signai can
be goalyzed [10L '

0. Lager Scanner

- Angther technoiogy that has been evalualed for pedestrian and

object deiection is 4 Lascr scanner, such as & high-reaofetion
laser range finder (111 The iaser scommer wmits infrared laser
pulses and deieets the reflectod puises. The measurément
principle is bused on the time-of-flight ticthod. Scanning of the
tneasurernent bearn is achieved by rotating prism and covers 8
viewing angle of up fo 360 degree. The origtpal data froem taser
scanner is much ke vision image daia in the horizonsal
scanning plane with stcumte distance (centimeter level) and
azimuth sngle ioformation (from 025 degree io i degree
depending on scanning frequency). Therofare a procedure
similar fo mage processing con be applied here, In {26},
multipls laser yeanners conmected by LAN are used 3o track
pedestrians in 2 given area, For the application ou vehicles,
vehicle model is setup to dompensale vehiele motions 112, In
arder lo compensate vehicle pitch motion, multilayer laser
scanner wilh iere tisn | scanning plans is designed [5),

The exceliont range acewracy and fine anguler resolution make
loer souriners suiible for applications jn which 2 high
resohition image of surroueding is required. However, since
they are optics! sensors, different weather conditions fike fog or
snow will limittheir detection range. The signal processing is 2
Hittle mare complex for tnser scanner compared with uitrasonie
or microrwave radar, therefore dedicated CPU way be needed.

£ Computer Vision

Vigion based pedestrian detection is n nanmal ehbice bus;.sd R
the buman’s own experence. Althouph vided camess can

obfsin very rich information sbout the surrounding

environment compared with the rader -or laser scanoer, the
{mage sequeiides can not be used for-anything direcly writhont
firthec inferpremtion. Different sigorithms 2r¢ proposed o
detect pedeqmum in the image sequences acquired fron video
carnets. Recent research shows two main trends. Motien based
npprasches toke info account temporal infotmarion and tles (6
detect the perivdic features of human pait in the movement of
candidate pattetns. On the other hand, the chape based
appranches rely on shape feature i pocoghize pedesirians,

Motion based approaches uses chythmic. features or mption
patterns unique jo human being. Althgugh motion besed
appraaches provide an efficient way to redoge the momber of
false pogitive cendidates, thers are seversl limitelions on
motion based approaches. First, motions bused schemes cannot
deizet gestionary pedesirians obviously or pedesirians in
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untistial movement like jumping, Second, the pedestrian’s feet
or legs should be visible in order to exiradl chythmic featres o
moticn patierns. Thirg, the recognition procedure requires a
sequence of images, which dslays the identification umil
several frames later and increnses the processing time,

Shape bused snethods nifow the recognitions of both moving
epd stalionary pedestiany. The prirmry difficulty sssociated
with tis approach is how to accommodate the wide range of
virations in pedestrian appearances duc o pose, verigus
articulations of body parts, Hghting, clothing and ceelusion,
Thi¢ key isswes here. are: fisst, find a coneise yet suilisiens
hiuman shope feature represeniation, Sccond, majnisin 4
balancé between acéuracy of detection and processing:time. To
achieve realdime processing, trade-oif has i be made between
acenracy of classifiearion sud processing time. Two siep
pedesirian appmachics are used to Telieve such computational
buitden in {14+ 18], Usnally a conrse segmentotion stép is carried
oui first to separate foreground and imieresting region frem
backpround. Distance measwrément from steced vision can be
used for segmeniation step. The fine analysis of separored
foregroling objects is thea followed ta chieck fot the presence of
pedesieians,

Allbough shape hased method is more general, the magor
drawheacks -associated with shape method are, 1} high falsc
positive rate due to variation of human shape and changing
lighting conditicns, 2} heavy compulation burden when
porforming  festure  matching. Different approaches orz
proposed to reselve these drawbacks, In [19], the singte. frame
shape match is combined with motion analysis 1o reduce false
pasitive rate. A spocialized  system-on-o-chip hardware.
solution is used to increase processing gpesd in [200. To [21],
knowledge dbout certain cites and situstions {e.g: traffic ght,

pedestrian. cressing etc) are used ay priod information to

optimize the vision processing alposithm. Sensor fusion
approsch is suggested in {22] where muiiple sensors are vsed
{e.. radar and faser scanner) together with computer vision to
reduge filse posifive mie.

Corapared with camera opefating on visiblé spectrim, inlmw-red
{IR) camera [23] is not that sensitive to the change of lighting
condition, The advanfage of passive infm-red -sensor is the
abifity to detect pedestrian without ifuimihating  the
enviropment; Pedestrians are bright and sufficiently contrasted
willh respect 1o the background in IR images and can be
ecogitized by tholr shape and aspect mgo. Vo reduceshe cosy
for infra-rod camera which i used mosdy. in military
applieation before, low cost 16°by 16 smay iifra fed datectors
are uscd in groups 1o nal only count the pedesivian umber
passing by, but aiso captare pedestziang’ moving ‘wajcotories
along terain corridor in [24). Honda bas develgped m
inteliigent night vision system which wifl be available on the
new Honda Legend {251 Two far infia.red comeras afc
instafied in the front buraper. The targe! distance s aequired by
[he sterer infra-red vision [Fom. two cumerag, Pedestrions can
be identified by the shape recognition and their movemenis are
tracked through vectar analysis, The systém: will provide the

deiver visuaf and audio cantions when. it deicers padesirians in
or spproaching the vehivie's path,

1}, EXPORIMENTAL STUDIES OF PROMISING BENSING
TECHRQUGGIES FOR TRANSIT BUS APPLICATION
Caraputer vision with image processing is 2 very promising
fechnolopy and there have been commercia) developments far
other roadway or vehicle hased sufety apphications, suchassign
or e recognition. Howcver, for pedestrian detection, there is
Mmied availability of producis thel can be purchesed for
evaluation. Several diffcrent scnsors are selzcted for further
experimental tesi andireview. The senisory irclude IBEQ fager
scahmer (scduning LIDAR), Baton VORAD BEVT-300 rmdar
(Doppier radar), IRIS people counter (infrared based setisor),
M8 SEDCG SmanWalk 1800 [nricrowave redar) and SENIX
Uttr-100 {ulrasunie sensoy). Detailed tosting and resulls on
IBEQ laser seanner ind Ean VORAD EVT-300 radar will be

prezented. The rest s surumarized in table 1.

A IBED Laser Scanner

Fig. 1 Evaluation System

Fiy, 2 Tesi Scenario with watking pedestiian

The tested systemreunsists 0f a Jager scanning head mounted oh
the fronl bumper of # Buick [.eSabre, an induswial PC (IPC)
and'a user compgler (Fig. 13, The raw seah date is sent to IPC
via ARC met, Object detection and sracking algorithm is
running oa IPC, The results are a set'of object data with cach

ubject’s sizs, pesition and velpeity, Tho object data i5 sent fo-

the host compuzer via standzrd CAN bus, To {acilitafe user
visuaHzation, 8 CAN/USB converler is added so thue uscr
computer coufd receive ohject data through standard USE port,
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A et of tests are conducted in the PATH vehicle tent nuder
staticmary’ conditions. Fig. 2 shows a pedeswian walking in
front of the laser scanmer, The laser scanmer identifies e object
a5 a pedestrion aceording-to its zize and veloity. Fig, 3 shows
an fngresting scenarfo. A cart is moving in frout of the laser
scgnner. $ince the scanning planc of {aser stanner is cutting in
ihe middle of the cat, the carl is actuslly recognized as iwe
podestrisns by the faser scanner, Two poles close 1o each other
are identified as a pedesirian due to iis size and velacity, The
Buick car behind the cart is also divided into two objects
bepause of the cait's blocking.

Bowrring plane 3
3 -

Fe
\
A :
Fig, 3 Test Sgenatio with moving cart

gel

Fig. 4 Pedestrian with bicyele

Fig, 4 shows a pedestrian walking bis bicyele in front of taser
geanmer, The bicyuie blocks the pedestrian completely on the
seanning planc. So the faser scanger only deteqts a bicycle sized
chject and could nat deteet the padesirian beldml. The bicyele
atso blocks part of the Buick. The remained part detected by the
laset scatwer is abowt the size of o pedestrian and # 38
recognized as a pedestrian.

The test resulis show that TBEQ Laser scanaer can pravide
olyfect mlomation with accumate distance {centimeter jevel)
and szimuth angie (from 0.25 degree to { degree depending on
seanning frequency’, However since (he laser scanner we tesled
can anty provide object contowrs on onc seanning plane, the
information is quite Himited for the pedestrion deeectlen in the

compiex urban scenarie and false defection or missing Lrget
will happen if decision 5 solely baged on such limited
information (see Fig: 3 and Fig. 4). o

5. Eaton VORAD EVT-300 radar

— . -
Bobima iyt 4587 10 B
foomiioll el Prossten &3 Camplicr

! . e b e - PR |
o A & W ThT owme W W
4] .
Fig. 6 Pedestrian walking in front of stationary bug
longitudinally

Fig. 5 shows the sysient configuration of a tesling system we
ingralled on o New Flyer CNG 40 fooler bus. The sntenne
assemhly of Eaton VORAD VT-300 Doppler radar is instalied
behind the bumper. Cenwal processing unit provesses
information from antenny assernbly, Target infirmation like
target 11, distance, nzimuth angle and target velecity I8 sent ot

through J1387 bus by central processing unit. A Ji387 4o °

R8232 convericr is instailed so that oboaid PC104 computer
can vead ard jog such information through seriad port. )

To evaluztion the sensos performance, a sel of gvaluation wests
are performed on PATH test track for both swtionary bus
scandrio and moving bus scenariv, Fiest we parked the bus on
the test track, A pedestrian walks in front of the bus fram the
tungicedingl direetion and the lazeral direction a5 shown in Fig.
5. Fig. 6 shows the target information acquired when the
pedesirian walks bogitudinally beek and forth along the yeilow
double solid line in the Fig. 5. The Eaton YORATR fadar can
detect the target up to about 130m with stow speed (05095}
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When pedestrian changes hs walking direction, the detested
speed drops W zero for a few seconds, At that time, Bgton
VORAD radas cannot dewect still (refative to bus) target, so we
will sce the targed 1ost for & (e seconds but Teacqudred after
pedestrisn picks up his speed to the other dircetion. The
scénarto alsy shows that the minkmum distance for Eaton
VORAD radar is abowt 3m.
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Fig. 7 Pedestrian walking in front of a moving bus laterally

Experiments are also condudled when Eim pedestrian cTO$5CE
laterally in front of the bus at distances of 10, 15 and 20 meters,
The Eaton VORAD radar can ned detect 1he raoying pedestrian
{mall theee cases. This 13 due to the uperating principle of Eaton
VORAD radar. Baton VORAD itndar is a Dioppler radar. The
sensitivity of = Doppler radar is relative low oo the target
moving along the dirzction perpendiculsr to it radar wave
propagating direction, Since the relative distance changs
between radar antenna and farget i very small, it is diffienli for
the iadar processor differentiate such small ameunt of
frequency drifling fram noises. Fig. 7 shows the target
information, mequired when the bus is moving about 10mph
(4.44mis), 1Smph (6.67nUs) and 24mph {106Tms}. A
pedestrian crosses the test track from larers} divection twize in
the same place at cach speed. Hoth crosses are pieked up by
radar under different speeds. The targes speed is abowt the samg
s’ the wehicle moving speed since pedestrian crogs the track
taterally, The szimuth angle changes 115 sipn because pedestrian
crosses the rack back and fosth.
The testing resulls shovw that:
1y Baten VORAD radar fas a relagvely long distance
deteesion range over V20 meters. The shortest detection
distance from cxperimental data is abnut 5 meters.
2}  Ealon VORAIX vadar con ondy detect target which is
moving relafive to the mdar due lo its Doppler principle
3} Any jarger maintains reldtive siill to the tedar can not be
deiccied. Unless s relative mation can creafe certain
amount refutive distance chavge, the farget with relaive
mofion can not be detected cither, For cxampte, the test
data shows the sensitivity of mdar drops significantly to
the target with relative notior along the direction
perpendicnlar to mdar wive propagating direction

C. Furnctiona Performance Comporisen of Evaluated sensors.

Similar tests mre condueted for IRIS people counter, MS
SEDCO SmarWalk and SENIK Ulra-100. Among those
senyors that have -heen evaloated, o Hst of chayacteristics,
witributes, and performance spedi feations are given briow for
comparative studies,

TABLE
Summury of senser evalunting test
Protutt Teehanlogy | Datectionr | Accurscy | Targe Applicition
Larelitny Range {ng Tracking for Fransh
ranga iy | Hag
Frid ol
b view .
BEG heer | Liar G-250 E R Long range;
Imer i 70 degrees | by | pevssoving
BYT00 Duspnler Fopig [ R  E e Lonzz g
ot soifat : i 12 depoien 3 Dt e
RIS pebple | lulmeed Zeh Dnpll AT Shost vange;
S 50 degrers | busscon |
MERERCO | Duppls RN Enil WAAF Shiort cynpe;
SrwetWath | radar 4580 Bk, staap
SE dogrers
BENIX Ulmssanie 10283 | Onedl {WFA Sl pgiges
Qhns 180 b step

1V, VEHICLE-INFRASTRUCTURE INTEGRATED SYSTHEM
APPROACH FOR TRANSIT BUS PEDESTRIAN DETECTION

Given the challznging operoting gnvironment of transit byses, it
is apparent that a poraplete and reliable .censing system for
pudestrian detection can benefit from the combined nse of
mivléiple sensors. For exomple, the requirdments of pedestrian
deteetion are different for situations when buses are stopped at
bus tops or nexr intersections versas when the buses are moving
ot relatively higher sperds in cnuising conditivns. Furthennore,
avy one pariculas (ype of techoology may have difficuliies
meating all necessary regufremients in warious. lighting
condittons, or rainy and foggy ond inclement weather
eonditipns, noi to mention thal thost senser have limited field of
view to monitor fraffic in all directions. In addition, the clurter
bockground snd compiex moving patferns of ail objects on
urben streats demand soplisticated processing of sensor inpuls
i gvoid {aise detection and recognition.

s order 1o overcome ihe fechnical challenpes of the
aforementioned  problem, & sensor-fusion and  segrnented
appriech is tecessary. For example, ultrasonic sensor urrays
and initaced detectors con be insialled st seiegted locations
around the bus to alert drivers of pedestrians near the bus, This
gans prevent inadvertent gontcts or colisions with pedestrians
when tha bus {5 in rapsitions states fom stopped positions. On
the otier hand, infraved cawwsd, laser scanner, and radar ¢an be
nsed for lopg-ranpe ‘detectivn iv situssions when drivers are
wable or upaware ¢ pedestriany ot a dislance.

Omne other promising approach has fecentdy emerged with the
advancement of wireless commimication technologies. For

exmmple, the US Federat Comumwnications Commission

peoenily announced, the details of the Heensing and coadside
unit registration process for Dedicaed Shon Range
Communications {PPSRC) in the 5.9 GHz band. DSRE ean be
applicd for many applications, w primery one of which is
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roadway safety,  In a potential ansit solution,
vebiele-infmstructure  solution cap be construeied.  For
example, an eveiuated microwave pedestrian dereetor {such as

MS SEDTO SmartWoalk) is ideal for momboring poedestrian,”

movements on crosswalks. In raffic condftions whete drivers
huve obstructed views or bmited isibiliiy 10 pedestrian
croseing areas, o infrustrusiure sensor can be used o defect
objects and a wireless signal can be seni remately 10 a receiver

et the bus with 1 visual or audio alest given o the driver, This

segpested approach is parlicular sensiblc because transit buses
fun on fixed routcs and safety solotions can be sclectively
deployed at high-risk Tocations along tho bus routes.

V. CONCLUSION

The work presented in this paper tepresenis recent offorts Giken
by the research team to address pedesirian safety. With #
suryey of latest technology developments and availuble
prodicts, 2 number of sensors were selected for evaluntion ta
ssecss their applicability for massit bus platferms. Through
experimental exploration, the characteristics and limitations of
individual sensors were invesiigated and compared.

For [atgeseale deployment, cerfainly cost considerations will
play &'biy robz in the selection of technologics or components.
Either to be used for a spocific functiop, or tuv be Integrdtei
within 2 complete solution, produeis need {0 be cost
competitive for 8 broad-based utitization, Even though ecrtain
proeising  amd  sophisticaled  techoologies may be cost
prohibitive currently, they may become more aifordable in the
fistrire as they find marketable applications dnd unit costs are
reduced i mrass production,

With the consideration of distinct operating <nvironment of
{ramsit buses, the detection poblem 3 handled with =
two-prong approach: one aiming For shorl-range when buses
are npcar bus-stop or intersections, and the ofler tarpéting
longee-range detection when buses are crdising b higher
spesds. A viable option to provide an integrated solution wit]
b to combine mfrasituciurs sensors, at srategic fovations such
ag vrosswalks or high risk areas, and wireless communication
Hioks fo send detection sipnais to an on-board uiil o alert
drivers of potential ifireats,
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Eaton VORAD enhances collision warning system
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Eaton VORAD

£aton VORAD Techneiogies, a subsidiary of Eaton Corp., is partnering
with Preco Electronics of Baise, Idaho, to offer a stand-aione side-
object-detection system. This side sensor will be added to Eaton's
current VORAD safety product Hne. It's a compact, cost-effective,
radar-based object-detection system for trucks, buses, and RVs. The
Eaton VORAD EVT-300 Colfision Warning System uses in-cab dispiay
units with a series of warning lights and audible tones to warn the
driver of the presence of objects and vehicles in its way, giving the
driver time bo take action to avold a coliision., Call 1-800-826-4357 or

visit wwye roadranoer.gom,
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Refated Links: Videos
http:/fwww, roadranger.com P et
http:f/www.roadranges.com

hittp:/ fwww.roadranger.com Videos
http:{/weiw.roadranger.com :
SPONSGRED 2017 AMTA Driver of the Year: John Robl.. |

SPONSORME: 2007 MTA Driver of tha Year: Ron Rodyoh
SPONSORED 2017 STA Driver of the Yesr: Kristin Finch

We Recommend: Popular this Weelx SPGNSORED 2017 BOTA Oriver of the Year: Kelly Ryan

Money In Motion Raises Money Dauch named chairmen of the SPONSORED 2017 APTA Driver of the Year: Jean-Clau..,
With Emotion HDBF .
VIDEC  On the Spot at expo Transporte
Penske rolls out ELD compliant
app for rental trucks

Canada Job Grants fow Open in
Some Provinces ! VIDEC Driving Volvo's New Vi - A fload Test ™
New CITT Board Chair is Well-

Livestock haulers to get a 90-day . viDED  Focus On.., Volvo VNL Walk-araund
Known [ogistics Pro i

ELD waivet

FHCIE V]

REGISTER NOW: Canadian Fleet Vane truck pump
Maintanance Summit oh April 13

integrated ELD app
BC Gives Miltary Go Ahead for

Commergial License Trznsfer
Rate:

No vates yet
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Inierpstional Moter Coach
Grovp has pweded the e of
Alliance Periner of the Yewr o
Bremelz Forwege, vice prosidest of
ket S ABL Companies.

The sward recognizes an PG
atbiance partrer feal “participates i
imifuetry teaderehip rofes, promaies

BEG within the mdusry, potively

pertizipstes in MG progmms, and
demonsraics vicion ané comnait-
it (o buliding relationships wid
G aharehobders.

“Hreads axemplifies o gmo
ity who @ alvays izl
offer aasistmes and portivipales i
afl efferds o build our indusiy”

Nt id

sated TG Chadrrnen fack BT

enginvering services. VWorking in
the cumpeny Customalare Din-
o, and roporting v dvisken vies
preideny Chack Svery, Famgy will
be responsble for the direction of
i wchiical winff, mohuding wg-
mpere, Tield lochaitions amd the
CostometCase call comter, He wil)
provite customers et Ischnies!
support for thelr ABC urodusts
while asoiving a5 the lataon be-
twosn costomens and te product
memifaciems. He alse will be
weapineible for pow product devels
opment, eluding buses, pests and
services. A pracusic of the Und-
vivally of Mrmitoln with 2 degree
it enginecring, Fung has spent the
past 12 years working in the motos-
cowch indngry, most secomtly as
director of Reet supeot snmtosr-
iznp for Notor Cepch Lndustries.
He hes wioceied o the Ovdsnds
as from Loudsville, Ky,

Prevust Car hay appoicted
Mork drmegtrong os brencll mansg-
=x of 15 parte Bid service centet in
bdirs Lome, Califl Anmsttong will
be responsibie for vveresing dey-
ta-ay cportions of the Hcifity.

Armstrong 5 A fotmer sales

direcior {or a bigh-wnd slectronics
migiuiaotussr and hokds an MBA &
werboology mansgement and 2
bachkslerl dogree iy elecirical orgi-
auering.

“Miarics backgmund D emgie

neeTing, process smndardizstion
angd 150 siawlards will be an aseot
i us a2 we move forward with owg
brmnel standasSization program,”
safd  Prevost Service Tlerwods
bbmsager Randy Comifla.
Post Ageney of hdehen
fending modorroach indus
amce apemny amd heudenge, as @
safes emgowsive.

Pemo comes o BA. Post Agen-
sy whb mow then 20 vears of
insuranes expericnes, mest ooy
by oms omn exscetive with KRIA
Losurance Agensy o Bumsvilie,
in He has besa focused on the
passEngsy ansporistion indoury
fow G pust 15 years.

“Cene Perr's sutonsivis exped-
enez and sbilies m providing
isutince programs for the tmns-
vormiton ndosiry i 2 grest asset to
PA. Posi Agenry, ssid Frod Fost,
peesidont of the fmily wned

Bl Fereo 2t goerar@pasifi-
mancialcom.

FirstGroup eyes October
to complete Laidlaw deal

ABERDEEN, Scotland — The
takegver of Laidlew lotermationsd
apd its subsidiary, Greyhound
Lings, oy Foet Groep PLO & ex-
pacied to be completed saaly netr
i,

Soothmd-tascd FientGroap an-
noacad B was chse to alaring he
finsé obstacls — L8, anghruss
approwsl - i the way of complnt
ing Hs acqoisition of Laidiaw,

which ewas (Greyirmund
FirstCGroups  aamowncersesd

was oliowed by a stilemont Som
Laidtew saying ther “subshantisi
progrss” hed been mede n divgug-
stons whth e anlittusd dhdsion of
the US. Justior Deparimens about
the megoer shwe of the American

school bus mares the takesver
woakd give FistGroup.

Fachae!  Vorthedck, Fime-
(irougy's coTpORie SonEmIRRiong

irecior, said the compaay had
renchied] egrocmicst in principle
wilh the Jestice Uepartmct offi-
winks aned with 2 group of sial stor-
weys gencral which had expressed
an inferes in the deal.

The interest ly the state atfor-
meys sioms from e exemmsive
schopl bws services opemated by
oth Ladize imd FirsiGroup.

in fis aehowcomoni, Dast-
CGrowp seid i expseted o cnclude
an zgrecoient with dthe amitrea
diviston wiksh would affow & w
congHeit B deal by Ool. 7,

Coach America to retrofit lifis

BIVERSHIE, Colifl - Come
Fete Upach Works heg received 2
contzst for the installagion of
wheaichyir 3fs @ MUL couches
narwted Ty Coach America’s s
ation i Loag Beack, Calif

The cootrct includas providing
Tebndy fifts and custom

erC

GREENSBORD, WL, -
Prssnlerimyater Commemial Buses
Mordh Amestion siyz s Flooda
gorvice and pords casier has been
searded the Bloe Seal of Bnced-

Rivon wik

iraliation, including istesraiion

of il Hfts inte the bug eyvsiom,
Threz #is o mpeciad o be

smatabied thds yous, with thiee mom

Fohs Romers, mwinlengncs
mangger of Conch Amenics i
Long Bezch, snid Compleie Coach

sler Fla. center gains s

Ionce by the National Institute for
Auicmotive Service,

The awatd i the hiphest fovel
of ceriilication by fhe insahne.

(25T

e are ewmemnely prowd that

Yovagar® offers o muititade of heawy duly comerafmanitor optons, including mulic
sufeen monitars and rear & side comneros, it defiver high resolution edl lime'
noges of the bus surmundings to your drivers, Yoyogern® cameras con be tied
into the 12 nogers and aie Gotivated by e tum signals and reverse ged.

b2 roore sdfe..

s, with o Vovager® reqr ond side vision systemn,
: " drivers will be able to nerease visbilly in these large

biind 7ones ond perions daly driving manauvers- such as backing up. merging,

chomgng lanes, and mcking wide fums- move sofaly,

A Voyagere systern affows vour divers 1o see bevond
the normal scope of vision provided by conventiona
Frirers,  Yous buses will ovoid dongerous ncldents, vour
drivers il feed more confident, and your passengers il

Works was chosea for e work
bewzme of s “vast experiencs with
theve types of modifinations, Their
earphasis on quality and cesbomer
sutizfietion have sorved us well i
the past, and we are happy o have
Complete Coach Works 28 2 key
servics provider and supplier”

our perls and service cenfer of
Florila hes beven recommired ...
said Pamick Scully, chief commen

cinl officer for FxabmlerCheysior -

Commercial Buses Morth America,
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DISTRICT COURT

COUNTY OF CLARK, NEVADA

CASE NO. A-17-755%77-C

DEPT NO. XIV
KECN KHIABANI and ARIA
KHIABANT, minors by and
through their natural mother,
KATAYOUN BARIN; KATAYQUN
BARIN, individually; KATAYOUN
BARIN, as Executrix of the
Estate of Kayvan Khiabani,
M.D. {(Decedent) and the Estate
of Kayvan Khiabani, M.D.
{Decedent) ,

Plaintiffs,

vs.

MOTOR COACH INDUSTRIES, INC.,
a Delaware corporation;
MICHELANGELQO LEASING INC.,
d/b/a RYAN'S EXPRESS, an
Arizona corporation; EDWARD
HUBBARD, a Nevada resident;
BELL SPORTS, INC. d/b/a GIRO
SPORT DESIGN, a California
corporation; SEVENELUS
BICYCLES, INC. d/b/a Pro
Cyclery, a Nevada corporation;
DOES 1 through 20; and ROE
CORPORATIONS, 1 through 20,

002499
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Defendants.

DEPOSITICN OF BRAD ELLIS
Monday, August 28, 2017
Winnipeg, Manitoba, Canada
Jcbh Number 413337
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Page 13
Q And is that your signature on it?
A Yes.
0 Can you read for the record what the

letter says?

A Sure. It says:

"Ken: By the way of this letter, New

Flyer Engineering maintains the position

that the installaticon of the 5-1 Gard in

New Flyer facilities does not compromise

the integrity of the chassis or suspension

of the coach on which it is

installed, nor

is it expected to impact the functionality

or integrity of other systems in the

coach.*®

Signed by myself.

Q And at the time that you signed it, what

does it indicate your job position was?

A I was werking under engineering at that

point. There was -- if I recall, there

was a time

where I got moved out of manufacturing when I got my

engineering paper work, my professional
stamp. And there was a time in between
I got to structural engineering manager

but there was a transition time where I

engineering
when I ran --
eventually,

still worked

with the manufacturing engineering personnel along

Litigation Services | 800-330-1112

www.litigationservices.com
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