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Project Objectives

* To support modeling of heavy-truck performance
and technology evaluation efforts for energy
efficiency

e To provide a means of accounting for real-world
driving performance within heavy-truck research
and analyses

* To support truck modeling within the Powertrain
Systems Analysis Toolkit (PSAT) with Class-8 data
and information



Participating Vehicles

2005 VOIVO

Veh. Transmission Tires

1 Manual WBSs

2 Manual Ds
3 Auto-Shift  WBSs
4 Manual Ds
5 Auto-Shift  WBSs
6 Auto-Shift Ds




The Equipment
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Data Channels

Signal

Signal

Instantaneous Fuel Economy

Cruise Control Set Switch

Average Fuel Economy

Battery Electrical Potential (Voltage)

Fuel Rate

Tractor Drive Axles Weight

Total Fuel Used

Tractor Steer Axle Weight

Total Idle Fuel Used

Trailer Weight

Current Gear

Tractor Serial Number

Fuel Rate

Selected Gear

Trailer Serial Number

Output Shaft Speed

Latitude

Engine Speed

Actual Engine - Percent Torque

Longitude

Actual Gear Ratio

Altitude

Front Axle Speed

Driver's Demand Engine - Percent Torque

Vertical Velocity

Percent Load at Current Speed

Velocity over Ground

Engine Speed

Longitudinal Acceleration

Tractor Drive
Axles Weight

Engine Oil Temperature

Lateral Acceleration

Tractor Steer Axle
Weight

Fuel Temperature Heading
Front Axle Speed Satellites
High Resolution Total Vehicle Distance Time UTC
Accelerator Pedal Position Wind Speed

Total Idle Hours

Wind Direction

Trailer Weight

Maximum Vehicle Speed Limit

Rain Intensity

Total Power Takeoff Hours

Barometric Pressure

Latitude

Clutch Switch

Air Temperature

Brake Switch

Relative Humidity

Longitude

Cruise Control Enable Switch

Tire Flag

Cruise Control Active

Road Grade

Altitude

Cruise Control Accelerate Switch

Stationary Latitude

Cruise Control Resume Switch

Stationary Longitude

Cruise Control Coast Switch

Tractor-Trailer Marriage




Superimposed Trips

CANADA L T S 3 - —
ALBERTA i : i % Charlottetownf
@ -ong : MAHITOBA $hield P i
SASKATCHEWAHN : innises \ AR et
i OHTA&RIO BRUNSWICK
ME. -

o
~Halifax

g oo S S N _LLakel
F ey e oTrlch.!ar Bay
- N DRy ey e ]
Agas s iz i ¥ T g
-~ b
! j Loke g : , ‘
HORTH DAKOTA : o i - i i
ismarck E Duluth_ .- : Supedar s I Offtewa o ipalier
! 15 7 WL
MIHHESOTA k VT e
Great Caoncord” J

pEoston

J
.= Rf # Torontgl —-—'~ Syracuse
o]
\ £
I

T ogndanca

Sheridan

&
# TA 3 MICHIGAH
- SiouxFa\IsG); Y E— e ) al X
= WYOMIHG Eor eat T ¥ Detrait_ - Y
2 - i Hew York
o P1lains Entan
£ e, iladelphia
y o st Lk HEERASKA Des Moines Daver
: Cits R .
4 HEYADA ¥ ] »
San Fran:lscn© @ Wi shitigtion, D .C
b 4 f
! 2 & uT A H :' ® U e o s o 5 oo ;
-: : ém_wonm.n & v Denver Wirginia
Pacific Ocean . . COLORADO - Beach
@

uﬁt...George
Atfantic

i

Ly, “ .
o 3 ;

® .

; Ocean
" LLos Angeles
= 1]
ARIZOHNA
IEPht:ienu:
ey
-
Pl =
Cordilleran
|
# ®HE"|'IDSH|D \_\ e Qrleans
5
v Chihuahua B
> Wy i @ Guif of Mexico
..}' X ‘—G)Obragun MEXICO o
E Hittalge e THE BAHAMAS
F o]
iy [REE=ED

Patral
@ artal




General Statistics

Fuel Efficiency

[mpg]
Tractor with WBS/Trailer (any) 6.86

Tractor with Duals/Trailer (any) 6.46
Percent Difference (WBSs vs. Duals) 6.17%




uel Efficiency Comparison (cont.)
Tractor w/Duals and Trailer w/Duals
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Avg. Fuel Efficiency (1,798 100-mile segments): 6.60 mpg



uel Efficiency Comparison (cont.)
Tractor w/WBSs and Trailer w/WBSs
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Avg. Fuel Efficiency (871 100-mile segments): 7.23 mpg



Fuel Efficiency Comparison (cont.)

Tractor-Trailer Tire Configuration

Ds-Ds | Ds-WBSs | WBSs-Ds | WBSs-WBSs
Sample Average FE 6.60 7.00 7.03 1.22
Sample Std. Dev. 1.21 1.32 1.19 1.19
Sample Size 1,798 850 1,956 871
Mean of Difference With D-D 0.40 0.42 0.61
Std. Dev. of Difference With D-D 0.05 0.04 0.05
Test Statistic Value (2) 7.41 10.77 12.43
Reject Ho at Confidence Level 99.99% | 99.99% 99.99%




Fuel Efficiency Comparison (cont.)

Tractor-Trailer | Distance Average Percent Diff in FE
Tire Traveled FE with Duals-Duals
Configuration [miles] [mpg] [%]
WBSs-WBSs 87,002 1.22 9.9
WBSs-Ds 190,503 7.03 6.4
Ds-WBSs 85,002 7.00 6.0
Ds-Ds 179,503 6.60




Fuel Efficiency Comparison:
Effect of Tires

e For every case in which WBS tires were used, fuel
efficiency improved over the all-duals case

 Improvements of nearly 10% for all-WBS tires were
seen as compared to all-duals

 Improvement were statistically significant



Fuel Efficiency: Tires and Payload

 Tractor Only (No Trailer)

 Light Load - Vehicle Weight: 24,000-44,000Ibs

« Medium Load - Vehicle Weight: 44,000-62,000Ibs
» Heavy Load - Vehicle Weight: 62,000-80,000lbs




Fuel Efficiency: Tires and Payload

(cont)
Load Level
Tractor-Trailer [ Tractor Only Light Load Medium Load | Heavy Load
Conﬁ-gll;eration Avg. FE | % Diff |Avg. FE| % Diff | Avg. FE | % Diff |Avg. FE| % Diff
[mpg] |[w/Ds-Ds| [mpg] |w/Ds-Ds| [mpg] (w/Ds-Ds| [mpg] w/Ds-Ds]
Ds-Ds 9.01 8.07 7.17 6.24
Ds-WBSs NA NA| 8.61 6.8 7.48 4.3] 6.50 4.2
WBSs-Ds NA NA| 8.63 7.1 7.51 48| 6.56 5.2
WBSs-WBSs 10.52 16.8 8.79 8.9 793| 106/ 6.88] 10.2




Distributions of Time Spent and
Fuel Consumed while Idling

Idling Number O/TTlmteI y FTU? |
Interval | of [hrs] |° dli?lg % _Total [qal] IO d"%; % Total
[min] | Incidences Time Time Fuel Fuel
0-5 53,269 (0.7)] 664 5.6 2.8 371 5.2 0.4
5-15 5310 (9.0)| 784 6.6 3.3 398 5.6 0.4
15-60 | 3,085 (29.0) 1,479 12.5 6.2| 1,454 20.4 1.4
60-120 767 (83.5) 1,067 9.0 4.5 570 8.0 0.6
120-180 | 384 (149.2)| 947 8.0 4.0 525 1.4 0.5
180-240 | 287(211.6)] 980 8.3 4.1 539 1.6 0.5
240+ 939 (371.6)| 5,874 49.8| 24.7( 3,269 45.9 3.2
TOTAL 11,795 100.0 7,125 100.0




Summary

 Six Class-8 trucks logged more than 700,000 miles
collecting 60 channels of information at 5Hz

o Statistically significant improvement in fuel
efficiency with respect to the base case (duals-
duals) when WBS tires are involved

— 6% to 9% fuel efficiency improvements (all trips, any
payload)

— 4% to 10% fuel efficiency improvements (all trips, light
payload, medium payload, heavy payload)



Contact Information

Dr. Oscar Franzese

Oak Ridge National Laboratory
franzeseo@ornl.gov

(865) 946-1304
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