
INTRODUCTION
Compared to the 6 × 4 Class 8 tractors, which are equipped 
with a rear tandem with both drive axles, the 6 × 2 Class 8 
tractors have one driving axle and one non-driving axle, free 
rolling and load carrying only (also called dead axle), and 
depending on the position of the non-driving axle, there are two 
types of 6 × 2 tandems [1], as shown in Figure 1:

•	 Tag tandem: forward axle of the tandem is driving type 
while rear unit is a dead axle. 

•	 Pusher tandem: the rear most axle is driving type and the 
forward unit is a dead axle;

The 6 × 2 tractor configurations are available from the majority 
of Class 8 tractor manufacturers. The 6 × 2 and 4 × 2 
configurations have been used extensively in Europe and other 
parts of the world for many years, but represents only 4% of 
tractor sales in the US market [2]. The total US market share of 
6 × 2 Class 8 tractors is roughly 3% [3]. However, increase of 
orders from fleets and consequently in production were 
observed recently, due to potential fuel economy increases 
ranging from 2.5 to as much as 6% [4], [5]. Advances in 
electronics and controls are bringing the 6 × 2 tractors at 
similar operating performance with that of 6 × 4 tractors and 
require minimal driver interaction [2].
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Figure 1. 6 × 2 tag and pusher tandems

Usually, the 6 × 2 systems are available in the same tandem 
ratings as the 6 × 4 arrangements, with the dead axle designed 
to carry the same load as the drive axle [2]. Obviously, the 
same ratings cannot be achieved with only one drive axle (4 × 
2 configuration), even adding additional tires (which however is 
not technically feasible for drive axles on tractors), among 
others from road regulations considerations.

The objective of this project was to compare the fuel 
consumption and traction performances of 6 × 2 and 6 × 4 
Class 8 tractors:

•	 Comparison of an OEM 6 × 2 tractor with a similar make 
and model 6 × 4 tractor; 

•	 Evaluation of 6 × 2 tractors modified from 6 × 4 tractors. 
Two approaches for modifying the rear axles were 
considered: 
◦◦ Emptied rear housing, removed the drive shaft between 

front and rear housing, changed gears in the front 
housing but same ratio, 3.21 (Mod. 1). The gear set was 
changed to fit in the housing; 

◦◦ Switched front and rear housing, emptied rear housing; 
gears not changed, same ratio, 3.21 (Mod. 2).

TEST VEHICLES
Figures 2 and 3 present the test vehicles, and Tables 1 and 2 
present vehicles data. These vehicles were used for both fuel 
consumption test and traction tests.

Figure 2. Test vehicles for modified 6 × 2 tractors.

Figure 3. Test vehicles for OEM 6 × 2 tractors.

Table 1. Vehicle data for modified 6 × 2 from 6 × 4 tractors
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Table 2. Vehicle data for OEM 6 × 2 tractors

FUEL CONSUMPTION TESTS

Fuel Consumption Test Procedure
The test for comparing the 6 × 2 modified tractors with the 
original 6 × 4 tractors was based on the SAE J1321 Fuel 
Consumption Test Procedure - Type II [6]: the test compared 
the fuel consumption of a test vehicle operating under two 
conditions using an unmodified control vehicle. Fuel 
consumption was accurately measured by weighing portable 
tanks before and after each trip.

For each test, the control and test vehicles had the same 
general configuration and were coupled to the same semi-
trailers for the base and test segments. The load weights 
remained the same throughout the entire test period. The 
vehicles were in good working condition, with all settings 
adjusted to the manufacturer's specifications.

The test consisted of a baseline segment (using non-modified 
vehicles) followed by a final segment (the test vehicles were 
modified, while the control vehicle stayed in its original state). 
For both the baseline and final segments, the representative 
results were the ratio between the average fuel consumed by 
the test vehicle and the average fuel consumed by the control 
vehicle (the T/C ratio).

The nominal values for fuel savings and for fuel improvement 
were determined from the analysis of the measured fuel data, 
and reflect the changes resulting from the modification being 
tested on the test vehicle. These nominal values consisted of 
the percentage difference between the final ratio (T/C)f and 
baseline ratio (T/C)b:

•	 Fuel savings:

(1) 

•	 Fuel improvement:

(2)

The result was expressed for the confidence interval level of 
95%, complying with the SAE J1321 Fuel Consumption Test 
Procedure - Type II [6], and determined from the variation in 
the measured fuel consumption data relative to the nominal 
value and the number of data values obtained.

As for the test to compare 6 × 2 OEM tractor with 6 × 4 OEM 
tractor, it was based on the SAE J1526 Joint TMC/SAE Fuel 
Consumption Test Procedure - Type III [7]. This procedure 
compared the fuel consumption of one component of a 
combination vehicle to the same component in another 
combination vehicle, using portable tanks and the same 
gravimetric method as presented above.

The test consisted of a baseline stage followed by a final stage. 
The compared tractors were switched between the semi-
trailers at mid-test. For each stage, the two test vehicles 
completed a minimum of three test runs until the results of a 
group of three runs were within 2% of each other. The total fuel 
consumed by the tractors when pulling the two semi-trailers 
was calculated: TFT for the test tractor when pulling the two 
semi-trailers, and TFC for the control tractor when pulling the 
two semi-trailers.

The results of the complete trial were expressed as fuel 
savings FS, the overall percentage difference between the total 
fuel consumed in both stages by the tractors when pulling the 
test semi-trailer versus the control semi-trailer:

(3)

Fuel Consumption Driving Procedure
Each day, before the start of testing, all vehicles were warmed 
up for the same amount of time (minimum one hour) at the test 
speed.
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