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Driveline Mechanics and Fuel Economy
Introduction:


The aim of this paper is to determine the impact of vehicular drivelines on fuel economy (miles per gallon or MPG) using explanatory variables for the various components necessary to get energy from an engine to the driving wheels.  The data utilized is for 2012 models years and available from the US EPA (http://www.fueleconomy.gov/feg/download.shtml). 

Objectives of the Study:

· Determine the key driveline components that impact fuel economy.

· Find a regression model that best estimates fuel economy.

Data:


The initial data set is composed of 900 entries with 126 different explanatory variables potentially available.  Upon review, electric cars were removed from the data set and the description fields were pared down to 8 fields.  Electric cards were removed from the data set, providing a sample of 896 vehicles for the regression.  For the 896 observations, the data provides the following variables:

a. Engine Displacement (Liters)
b. Number of Cylinders 
c. Number of Gears
d. Air Aspiration Method, coded as indicated below.
e. Transmission Type, coded as indicated below.
f. Transmission Lockup Present, coded as indicated below.
g. Driveline Type, coded as indicated below.
h. Fuel Economy (Y)
	Air Aspiration Method
	Value
	
	Transmission Lock Up Present
	Value

	Supercharged
	0
	
	No
	0

	Naturally Aspirated
	1
	
	Yes
	1

	Turbocharged
	2
	
	
	

	
	
	
	
	

	
	
	
	
	

	Transmission Type
	Value
	
	Driveline Type
	Value

	Selectable Continuously Variable
	0
	
	2-Wheel Drive, Rear
	0

	Automatic
	1
	
	All Wheel Drive
	1

	Semi-Automatic
	2
	
	2-Wheel Drive, Front
	2

	Manual
	3
	
	4-Wheel Drive
	3

	Continuously Variable
	4
	
	Part-time 4-Wheel Drive
	4

	Automated Manual
	5
	
	
	


A sample of the first 10 rows of data is:
	Entry
	Engine Displacement
	Number of Cylinders
	Air Aspiration Method
	Transmission Type
	Number of Gears
	Transmission Lockup Present
	Driveline Type
	Fuel Economy

	1
	5.9
	12
	1
	3
	6
	0
	0
	13

	2
	4.7
	8
	1
	5
	6
	0
	0
	16

	3
	4.7
	8
	1
	3
	6
	0
	0
	15

	4
	4.7
	8
	1
	5
	7
	0
	0
	16

	5
	4.2
	8
	1
	5
	6
	0
	1
	16

	6
	4.2
	8
	1
	3
	6
	0
	1
	14

	7
	5.2
	10
	1
	5
	6
	1
	1
	15

	8
	5.2
	10
	1
	3
	6
	0
	1
	14

	9
	4.2
	8
	1
	5
	6
	0
	1
	16

	10
	4.2
	8
	1
	3
	6
	0
	1
	14


Preliminary Analysis:


A linear regression assumes the error for each variable follows a standard normal with constant variance and are independent of one another.  One way to test for skew within the data is to analyze the ratio of the hinge spreads.  This analysis produces the following results:
	
	Engine Displacement
	Number of Cylinders
	Air Aspiration Method
	Transmission Type
	Number of Gears
	Transmission Lockup Present
	Driveline Type
	Fuel Economy

	Upper Hinge
	4.60
	8.00
	1.00
	3.00
	6.00
	1.00
	2.00
	24.00

	Median
	3.50
	6.00
	1.00
	2.00
	6.00
	1.00
	1.00
	21.00

	Lower Hinge
	2.40
	4.00
	1.00
	1.00
	5.00
	1.00
	0.00
	17.00

	
	
	
	
	
	
	
	
	

	Upper Hinge Distance
	1.10
	2.00
	0.00
	1.00
	0.00
	0.00
	1.00
	3.00

	Lower Hinge Distance
	1.10
	2.00
	0.00
	1.00
	1.00
	0.00
	1.00
	4.00

	Ratio
	1.00
	1.00
	0.00
	1.00
	0.00
	0.00
	1.00
	0.75


Review of the hinge distances indicates skew exists within the Fuel economy Data (Y) with ratio of 0.75.  However, analysis of a histogram and box plot indicate outliers are responsible for producing a heavy tail.  Therefore, no transformation is needed on the dependent variable Fuel economy.
Regression Analysis:

The method to determine a suitable regression model will involve a backwards process, beginning with a regression with all variables and removing them until all explanatory variables are deemed significant.
Regression Model 1: 7 explanatory variables

	SUMMARY OUTPUT
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	Regression Statistics
	
	
	
	
	
	
	

	Multiple R
	0.8372621
	
	
	
	
	
	
	

	R Square
	0.7010078
	
	
	
	
	
	
	

	Adjusted R Square
	0.6986508
	
	
	
	
	
	
	

	Standard Error
	2.9424354
	
	
	
	
	
	
	

	Observations
	896
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F
	
	
	

	Regression
	7
	18025.601
	2575.0858
	297.42525
	8.12E-228
	
	
	

	Residual
	888
	7688.2384
	8.6579261
	
	
	
	
	

	Total
	895
	25713.839
	 
	 
	 
	
	
	

	
	
	
	
	
	
	
	
	

	 
	Coefficients
	Standard Error
	t Stat
	P-value
	Lower 95%
	Upper 95%
	Lower 95.0%
	Upper 95.0%

	Intercept
	33.559862
	0.8294184
	40.461921
	1E-203
	31.932013
	35.187711
	31.932013
	35.187711

	Engine Displacement
	-2.8392948
	0.1874538
	-15.14664
	2.862E-46
	-3.2071989
	-2.4713907
	-3.2071989
	-2.4713907

	Number of Cylinders
	-0.1257501
	0.1353306
	-0.9292068
	0.3530344
	-0.3913551
	0.1398549
	-0.3913551
	0.1398549

	Air Aspiration Method
	-0.4949485
	0.2424021
	-2.0418493
	0.0414615
	-0.9706962
	-0.0192007
	-0.9706962
	-0.0192007

	Transmission Type
	0.4535629
	0.1303397
	3.4798532
	0.0005261
	0.1977532
	0.7093726
	0.1977532
	0.7093726

	Number of Gears
	-0.3077397
	0.0802601
	-3.8342829
	0.0001348
	-0.4652612
	-0.1502182
	-0.4652612
	-0.1502182

	Transmission Lockup Present
	-0.2961846
	0.288499
	-1.0266397
	0.3048697
	-0.862404
	0.2700349
	-0.862404
	0.2700349

	Driveline Type
	0.089101
	0.0976922
	0.9120589
	0.3619852
	-0.1026335
	0.2808356
	-0.1026335
	0.2808356


The initial regression model has an adjusted R^2 of 0.699, which means 69.9% of the variability in Fuel economy is explained by this model.  The F- value is 297.42 and the standard error is 2.94.  Looking at the P-values, Engine Displacement, Transmission Type, and Number of Gears are < 0.001.  The significant importance of these explanatory variables means they should remain.  Driveline Type has the largest P-value of 0.36, which is significantly high. For the next step in the iteration process, this variable will be removed.

Regression Model 2: 6 explanatory variables

	SUMMARY OUTPUT
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	Regression Statistics
	
	
	
	
	
	
	

	Multiple R
	0.8370948
	
	
	
	
	
	
	

	R Square
	0.7007277
	
	
	
	
	
	
	

	Adjusted R Square
	0.6987078
	
	
	
	
	
	
	

	Standard Error
	2.9421571
	
	
	
	
	
	
	

	Observations
	896
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F
	
	
	

	Regression
	6
	18018.399
	3003.0665
	346.9231
	6.33E-229
	
	
	

	Residual
	889
	7695.4405
	8.6562885
	
	
	
	
	

	Total
	895
	25713.839
	 
	 
	 
	
	
	

	
	
	
	
	
	
	
	
	

	 
	Coefficients
	Standard Error
	t Stat
	P-value
	Lower 95%
	Upper 95%
	Lower 95.0%
	Upper 95.0%

	Intercept
	33.839061
	0.7707875
	43.901933
	8.1E-225
	32.326286
	35.351837
	32.326286
	35.351837

	Engine Displacement
	-2.8496767
	0.1870901
	-15.23157
	1.011E-46
	-3.2168665
	-2.4824868
	-3.2168665
	-2.4824868

	Number of Cylinders
	-0.1371258
	0.1347418
	-1.0176933
	0.3091006
	-0.401575
	0.1273233
	-0.401575
	0.1273233

	Air Aspiration Method
	-0.5025893
	0.2422343
	-2.0748061
	0.0382917
	-0.9780071
	-0.0271715
	-0.9780071
	-0.0271715

	Transmission Type
	0.448877
	0.130226
	3.4469066
	0.0005936
	0.1932907
	0.7044633
	0.1932907
	0.7044633

	Number of Gears
	-0.3143156
	0.079928
	-3.932485
	9.061E-05
	-0.4711852
	-0.1574461
	-0.4711852
	-0.1574461

	Transmission Lockup Present
	-0.2970248
	0.2884703
	-1.0296549
	0.3034521
	-0.8631869
	0.2691373
	-0.8631869
	0.2691373


Removing the Driveline Type provides an unchanged adjusted 0.699R^2 while the F-value has increased and the standard error has dropped, albeit slightly.  Analysis of the P-values indicates the variable Number of Cylinders is least significant and should be removed for the next iteration.

Regression Model 3: 5 explanatory variables

	SUMMARY OUTPUT
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	Regression Statistics
	
	
	
	
	
	
	

	Multiple R
	0.8368865
	
	
	
	
	
	
	

	R Square
	0.700379
	
	
	
	
	
	
	

	Adjusted R Square
	0.6986958
	
	
	
	
	
	
	

	Standard Error
	2.9422161
	
	
	
	
	
	
	

	Observations
	896
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F
	
	
	

	Regression
	5
	18009.433
	3601.8867
	416.08389
	4.94E-230
	
	
	

	Residual
	890
	7704.4058
	8.6566357
	
	
	
	
	

	Total
	895
	25713.839
	 
	 
	 
	
	
	

	
	
	
	
	
	
	
	
	

	 
	Coefficients
	Standard Error
	t Stat
	P-value
	Lower 95%
	Upper 95%
	Lower 95.0%
	Upper 95.0%

	Intercept
	33.850288
	0.770724
	43.920116
	4.98E-225
	32.33764
	35.362937
	32.33764
	35.362937

	Engine Displacement
	-3.0240826
	0.0750597
	-40.289018
	7.92E-203
	-3.1713973
	-2.8767679
	-3.1713973
	-2.8767679

	Air Aspiration Method
	-0.545791
	0.2384905
	-2.2885233
	0.0223406
	-1.0138602
	-0.0777217
	-1.0138602
	-0.0777217

	Transmission Type
	0.4270841
	0.1284559
	3.3247522
	0.0009211
	0.1749723
	0.6791959
	0.1749723
	0.6791959

	Number of Gears
	-0.3348892
	0.0773307
	-4.3306086
	1.656E-05
	-0.486661
	-0.1831173
	-0.486661
	-0.1831173

	Transmission Lockup Present
	-0.302585
	0.2884243
	-1.0490968
	0.2944184
	-0.8686561
	0.263486
	-0.8686561
	0.263486


Reducing the model by one variable still leaves the adjusted R^2 essentially unchanged at 0.699.  The standard error increased slightly, but the F-value increased substantial indicating the model gaining significance.  P-values indicate that Transmission Lockup should be removed for the next iteration.
 Regression Model 4: 4 explanatory variables

	SUMMARY OUTPUT
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	Regression Statistics
	
	
	
	
	
	
	

	Multiple R
	0.8366651
	
	
	
	
	
	
	

	R Square
	0.7000085
	
	
	
	
	
	
	

	Adjusted R Square
	0.6986617
	
	
	
	
	
	
	

	Standard Error
	2.9423822
	
	
	
	
	
	
	

	Observations
	896
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F
	
	
	

	Regression
	4
	17999.906
	4499.9765
	519.77103
	3.53E-231
	
	
	

	Residual
	891
	7713.9333
	8.6576132
	
	
	
	
	

	Total
	895
	25713.839
	 
	 
	 
	
	
	

	
	
	
	
	
	
	
	
	

	 
	Coefficients
	Standard Error
	t Stat
	P-value
	Lower 95%
	Upper 95%
	Lower 95.0%
	Upper 95.0%

	Intercept
	33.42758
	0.6570504
	50.875218
	8.46E-266
	32.138034
	34.717127
	32.138034
	34.717127

	Engine Displacement
	-3.0381899
	0.0738495
	-41.140272
	3.54E-208
	-3.1831293
	-2.8932506
	-3.1831293
	-2.8932506

	Air Aspiration Method
	-0.546147
	0.2385037
	-2.2898893
	0.0222607
	-1.0142415
	-0.0780526
	-1.0142415
	-0.0780526

	Transmission Type
	0.5029885
	0.1061479
	4.7385633
	2.504E-06
	0.2946594
	0.7113175
	0.2946594
	0.7113175

	Number of Gears
	-0.3176724
	0.0755736
	-4.2034849
	2.893E-05
	-0.4659954
	-0.1693494
	-0.4659954
	-0.1693494


Once again, the adjusted R^2 did not move significantly as a high P-value explanatory variable was removed.  The standard increased slightly and the F-value increased significantly, as seen previously.  P-values once again indicate that Air Aspiration Method is insignificant and should be removed for the next iteration.
Regression Model 5: 3 explanatory variables
	SUMMARY OUTPUT
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	Regression Statistics
	
	
	
	
	
	
	

	Multiple R
	0.8356094
	
	
	
	
	
	
	

	R Square
	0.698243
	
	
	
	
	
	
	

	Adjusted R Square
	0.6972281
	
	
	
	
	
	
	

	Standard Error
	2.949373
	
	
	
	
	
	
	

	Observations
	896
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F
	
	
	

	Regression
	3
	17954.509
	5984.8363
	688.00705
	1.69E-231
	
	
	

	Residual
	892
	7759.3303
	8.6988008
	
	
	
	
	

	Total
	895
	25713.839
	 
	 
	 
	
	
	

	
	
	
	
	
	
	
	
	

	 
	Coefficients
	Standard Error
	t Stat
	P-value
	Lower 95%
	Upper 95%
	Lower 95.0%
	Upper 95.0%

	Intercept
	32.863121
	0.6105057
	53.82934
	1.97E-282
	31.664926
	34.061316
	31.664926
	34.061316

	Engine Displacement
	-3.0008694
	0.0721998
	-41.563398
	7.13E-211
	-3.1425707
	-2.8591681
	-3.1425707
	-2.8591681

	Transmission Type
	0.4852994
	0.1061179
	4.5732073
	5.481E-06
	0.2770294
	0.6935693
	0.2770294
	0.6935693

	Number of Gears
	-0.3473153
	0.0746335
	-4.6536086
	3.756E-06
	-0.4937931
	-0.2008375
	-0.4937931
	-0.2008375


For this particular model, the adjusted R^2 has not changed significantly from the previous model along with the standard error, while the F-value increased significantly.  The P-values for all explanatory variables are now < 0.001, indicating all of the explanatory variables are significant.
The best fit equation for modeling fuel economy is


Fuel economy = -3.00*Engine_Displacement + 0.485*Trans_Type - 






0.347*#_of_Gears + 32.86
The final adjusted R^2 is 0.6972281 which reflects 69.7% of the variation in fuel economy is explained by the variables selected.

Summary of Findings and Future Work:
The analysis performed in this paper shows that driveline components do have an impact on fuel economy.  In particular, the engine displacement, transmission type, and the number of gears are significantly related to fuel economy.  Furthermore, the engine displacement has the largest impact on fuel economy, with a coefficient of -3, indicating as engine size increases, fuel economy drops.  An increased number of gears provides a better fuel economy while the continuous variable and automated manual transmissions provide better fuel economy compared to a Selectable Continuously Variable or Automatic Transmission.  It also has shown that the number of cylinders, a transmission lockup, air aspiration method, and driveline type have no significant impact on the predicted fuel economy.  

The model takes a simplistic linear viewpoint.  One way the model could be improved is the inclusion of dummy variables and the interactions between all variables to increase the potential significance and corresponding R^2.  The complicating factor with this method is the large number of initial variables that will be generated, which will require substantial computing power.

Future work could include the implementation of aerodynamic work to correspond with the mechanical driveline data analyzed in this paper.  A intuitive statement is that a smaller, sleeker car will provide a better fuel economy than a large, boxy type vehicle.  The inclusion of total frontal area and some sort of aerodynamic coefficient could provide a higher explanation of the total variation concerning fuel economy.  Another factor to consider down the road is differences in fuel types with the emergence of hydrogen, E-85, and methane powered engines in the last few years.
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