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H1.1.	INTRODUCTION

1.	This Annex presents the vehicle data from the AVT-308 Cooperative Demonstration of Technology (CDT-308) for the Next-Generation NATO Reference Mobility Model (NG-NRMM) Development.  The vehicle selected for the CDT was the Fuel Efficient ground vehicle Demonstrator – Alpha (FED-A), which was designed and built by the Ground Vehicle Systems Center (GVSC) and industry partner Ricardo, Inc.  The choice to add this vehicle and corresponding test data as a NATO standard benchmark are two-fold. First, the vehicle has advanced capabilities such as adjustable ride height and advanced suspension systems in the form of pneumatic assisted coil springs and frequency selective dampers. Second, the FED-A is a technical demonstrator and the vehicle data was made available for the NG-NRMM V&V efforts – a rare opportunity for recent military vehicle designs. The vehicle was designed for fuel efficiency and was therefore not equipped with tires for superior traction. Nonetheless, the vehicle serves its purpose for demonstrating the Verification and Validation (V&V) process. 
2.	The following pages contains the data for the FED-A, which was instrumented and subjected to mobility maneuvers by the Keweenaw Research Center (KRC), Michigan Technological University to obtain a vehicle behavior data set that can be used to evaluate the predictive capability of NG-NRMM. The main objective for providing this vehicle data set is that future simulation tool developers can validate their models using this data. The vehicle data contains vehicle dimensions, masses and inertias, center of gravity locations (CG), steering, suspension, engine, drivetrain and tire data. Figure H1.1 shows a view of the FED-A.  
Disclaimer: The coordinate system conventions and their reference points used in the CAD models and those provided by the manufacturers may differ. Verification of the coordinate systems for the provided data is at the user’s discretion. The axis system and the reference locations used in the CAD models are not in SAE or ISO convention. The reference coordinate systems for the CAD models are provided in the end of this attachment. 
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	Figure H1.1: View of the Vehicle from Front and Side.



H1.2. 	VEHICLE SYSTEM VIPER (VEHICLE INERTIAL PROPERTIES EVALUATION RIG) DATA

H1.2.1. FED-A in Low Ride Height (VIPER Test 421, 12 MAR 2011).
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	Figure H1.2: FED Positioned and Restrained on the VIPER.




	Table H1.1: Test Summary: FED-A in Low Ride Height.

		Vehicle Name
	FED

	Fuel Level
	5/8 Full of Fuel 

	Tire Type
	Goodyear G275 MSA 335/65R22.5

	Tire Pressure (Left/Right)
	58/59 psi
63/61

	
	Pounds
	Kilograms

	Total Weight
	11368
	5167

	
	Inches
	Centimeters

	Overall Length
	203.00
	515.62

	Overall Width
	90.50
	229.87

	Overall Height
	84.88
	215.58

	Longitudinal CG
	61.70
	156.72

	Lateral CG
	-0.20
	-0.51

	Vertical CG
	35.38
	89.85

	
	ft-lb-
	kg-

	Roll Inertia (
	2405
	3259

	Pitch Inertia (
	7624
	10330

	Yaw Inertia (
	7847
	10632

	Roll/Yaw Product (
	N/A
	N/A







	[image: ]

	Figure H1.3: CG location for the FED-A in Low Ride Height.





	Table H1.2: Axle Dimension and Weight Data in Low Ride Height.

		
	Track Width (in)
	Left Weight (lbs)
	Right Weight (lbs)
	Axle Distance (in)

	Axle 1
	76.88
	2978
	3002
	0

	Axle 2
	77.13
	2736
	2652
	130.19






H1.2.2. FED-A in High Ride Height (VIPER Test 422. 14 MAR. 2011).
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	Figure H1.4: CG location for the FED-A in High Ride Height.



	Table H1.3: FED-A in High Ride Height.
	Vehicle Name
	FED-A

	Fuel Level
	5/8 Full of Fuel 

	Tire Type
	Goodyear G275 MSA 335/65R22.5

	Tire Pressure (Left/Right)
	58/59 psi
63/61

	
	Pounds
	Kilograms

	Total Weight
	11370
	5168

	
	Inches
	Centimeters

	Overall Length
	203.00
	515.62

	Overall Width
	90.50
	229.87

	Overall Height
	88.25
	224.16

	Longitudinal CG
	61.79
	156.95

	Lateral CG
	-0.19
	-0.48

	Vertical CG
	38.18
	96.98

	
	ft-lb-
	kg-

	Roll Inertia (
	2409
	3264

	Pitch Inertia (
	7379
	9998

	Yaw Inertia (
	7672
	10395

	Roll/Yaw Product (
	N/A
	N/A






	Table H1.4: Axle Dimension and Weight Data in High Ride Height.

		
	Track Width (in)
	Left Weight (lbs)
	Right Weight (lbs)
	Axle Distance (in)

	Axle 1
	76.88
	2983
	2990
	0

	Axle 2
	77.13
	2730
	2667
	130.19






H1.2.3.   Vehicle Ride Height Measurements
Ride height measurements for each corner of the sprung mass were taken by measuring the distance from the ground to the locations shown in Figure H1.5. The results of the measurements are given in Table H1.5.


	Table H1.5: Ride Height Measurements for Each Corner of the Sprung Mass for the FED-A.

		Test #
	Ride Height (in)

	
	Left Front
	Right Front
	Left Rear
	Right Rear

	421. Low Ride Height
	16.5
	16.69
	35.56
	35.63

	422. High Ride Height
	19.69
	19.81
	39.19
	39.06
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	Figure H1.5: Ride Height Measurements Were Taken from the Ground to the Bottom Edge of the Vehicle as Indicated by the Arrows.



H1.3.       CENTER OF GRAVITY (CG) AND MOMENT OF INERTIA (MOI) OF SUBSYSTEMS AND COMPONENTS USED IN THE CAE MODEL
	
1.	The coordinate system used in this section (ADAMS CAE model) assumes X is the lateral axis, Y is the longitudinal axis and Z is the vertical axis. The origin is 94.76” (1264 mm) in front of the front axle along the Y axis, in the middle of the wheel planes along the X axis and 27.89” (708 mm) below the wheel centers along the Z axis. The coordinate axis and the reference points for the CAE model are shown at the end of this Annex. 
2.	Centers of gravity and moments of inertia of the subsystems and components used in the CAE model are provided for four different loading cases as "CPG test", "VIPER test", "Curb test" and "GVW test". CPG stands for Churchill Proving Ground where those tests were run.  These load cases do not correspond to the as tested load case at KRC. The as tested corner weights and CG height are presented in Annex H3. The user of this data should carefully select the most appropriate loading case in the CAE data for simulation and modify to match the as tested configuration where necessary.
H1.3.1. CPG Test Load Case
	
Table H1.6: CPG Test Properties.

		Load Case 
	CPG Test

	Wheelbase (mm)
	3302.00

	Front Wheel Center:
Y-Displacement fromOrigin(mm)
	1264.00

	Front Corner Load (N)
	13750.79

	Rear Corner Load (N)
	19288.88

	Weight Distribution (% front)
	41.62 %




	
Table H1.7: ADAMS Subsystems (CPG Test).

		ADAMS Subsystems
	on/
off 
	Sprung
	Unsprung
	Mass
	CG Position 
(mm)
	Moment of Inertia
 (kg-)

	 
	 
	(kg)
	(kg)
	(kg)
	x
	y
	z
	Ixx
	Iyy
	Izz

	Front Suspension - Left
	1
	48.24
	106.68
	154.92
	676.40
	1250.89
	766.61
	6.37E+06
	1.18E+07
	9.66E+06

	Front Suspension - Right
	1
	48.24
	106.68
	154.92
	-676.40
	1250.89
	766.61
	6.37E+06
	1.18E+07
	9.66E+06

	Front ARB
	1
	6.24
	11.48
	17.72
	0.00
	883.69
	680.41
	2.41E+08
	1.22E+07
	2.53E+08

	Rear Suspension - Left
	1
	47.57
	114.82
	162.39
	693.77
	4570.70
	774.81
	7.28E+06
	1.38E+07
	1.25E+07

	Rear Suspension - Right
	1
	47.57
	114.82
	162.39
	-693.77
	4570.70
	774.81
	7.28E+06
	1.38E+07
	1.25E+07

	Steering
	1
	0.07
	0.04
	0.11
	378.26
	1877.59
	1162.01
	6.44E+04
	1.90E+04
	6.34E+04

	Tire Front - Left
	1
	0.00
	102.62
	102.62
	976.50
	1264.00
	708.50
	3.86E+06
	7.60E+06
	7.60E+06

	Tire Front - Right
	1
	0.00
	102.62
	102.62
	-976.50
	1264.00
	708.50
	3.86E+06
	7.60E+06
	7.60E+06

	Tire Rear - Left
	1
	0.00
	102.62
	102.62
	976.50
	4566.00
	708.50
	3.86E+06
	7.60E+06
	7.60E+06

	Tire Rear - Right
	1
	0.00
	102.62
	102.62
	-976.50
	4566.00
	708.50
	3.86E+06
	7.60E+06
	7.60E+06

	Powertrain
	1
	0.04
	0.00
	0.04
	0.00
	2649.71
	1070.25
	5.03E+04
	2.32E+03
	4.80E+04

	Driveline
	1
	0.10
	0.00
	0.10
	0.00
	3029.23
	791.83
	5.03E+04
	2.32E+03
	4.80E+04

	Body ("sprung mass")
	1
	5672.87
	0.00
	5672.87
	4.88
	3246.06
	1091.89
	5.74E+09
	7.66E+09
	9.87E+09

	SUM
	1
	5870.94
	864.97
	6735.92
	4.12
	3191.74
	1037.19
	9.18E+09
	8.56E+09
	1.39E+10




	
Table H1.8: Front Suspension (CPG Test).

		Front Suspension
	on/
off 
	Sprung
	Unsprung
	Mass
	CG Position 
(mm)
	Moment of Inertia
 (kg-)

	
	
	(kg)
	(kg)
	(kg)
	x
	y
	z
	Ixx
	Iyy
	Izz

	UCA
	1
	0.50
	0.50
	8.49
	526.99
	1300.83
	975.33
	8.88E+04
	1.52E+05
	1.52E+05

	LCA
	1
	0.50
	0.50
	31.55
	476.41
	1263.68
	582.43
	1.17E+06
	1.39E+06
	2.47E+06

	Integrated Air Spring & Damper
	1
	0.50
	0.50
	31.05
	556.65
	1147.67
	1007.10
	3.03E+05
	3.03E+05
	2.00E+00

	Brake caliper
	1
	0.00
	1.00
	9.09
	932.15
	1123.82
	756.32
	9.89E+02
	9.89E+02
	9.89E+02

	Spindle (rotor & fasteners)
	1
	0.00
	1.00
	13.08
	1006.00
	1264.00
	708.50
	5.32E+02
	5.32E+02
	5.52E+02

	Wheel End (upright. etc)
	1
	0.00
	1.00
	36.27
	883.87
	1301.68
	715.94
	3.30E+05
	5.19E+05
	3.38E+05

	Tierod
	1
	0.50
	0.50
	5.62
	600.50
	1475.50
	800.14
	5.13E+03
	5.13E+03
	1.57E+01

	Half Shaft Assy - Front Axle
	1
	0.50
	0.50
	19.77
	553.16
	1263.88
	719.76
	1.68E+05
	1.68E+05
	1.51E+03

	SUM
	1
	48.24
	106.68
	154.92
	676.40
	1250.89
	766.61
	6.37E+06
	1.18E+07
	9.66E+06




	
Table H1.9: Front ARB (CPG Test).

		Front ARB
	 on/
off 
	Sprung
	Unsprung
	Mass
	CG Position 
(mm)
	Moment of Inertia
 (kg-)

	
	
	(kg)
	(kg)
	(kg)
	x
	y
	z
	Iyy
	Iyy
	Iyy

	Stabilizer Bar
	1
	0.50
	0.50
	12.48
	0.00
	817.52
	702.15
	7.98E+04
	1.94E+06
	2.02E+06

	Drop Link LH
	1
	0.00
	1.00
	2.62
	545.17
	1041.55
	628.56
	6.12E+02
	6.12E+02
	1.67E+00

	Drop Link RH
	1
	0.00
	1.00
	2.62
	-545.17
	1041.55
	628.56
	6.12E+02
	6.12E+02
	1.67E+00

	SUM
	1
	6.24
	11.48
	17.72
	0.00
	883.69
	680.41
	2.41E+08
	1.22E+07
	2.53E+08






	Table H1.10: Rear Suspension (CPG Test).

		Rear Suspension
	 on/
off 
	Sprung
	Unsprung
	Mass
	 CG Position 
(mm)
 
	 
Moment of Inertia
 (kg-) 
 

	
	
	(kg)
	(kg)
	(kg)
	x
	y
	z
	Ixx
	Iyy
	Izz

	UCA
	1
	0.50
	0.50
	8.35
	461.40
	4544.40
	979.90
	8.74E+04
	1.49E+05
	1.49E+05

	LCA
	1
	0.50
	0.50
	31.47
	448.00
	4562.30
	594.70
	1.16E+06
	1.38E+06
	2.47E+06

	Integrated Air Spring & Damper
	1
	0.50
	0.50
	31.05
	556.65
	4682.33
	1007.10
	3.03E+05
	3.03E+05
	2.00E+00

	Brake Caliper
	1
	0.00
	1.00
	17.90
	932.08
	4476.51
	830.14
	1.08E+06
	1.01E+05
	9.76E+05

	Spindle (rotor & fasteners)
	1
	0.00
	1.00
	13.08
	1006.00
	4566.00
	708.50
	5.32E+02
	5.32E+02
	5.52E+02

	Wheel End (upright. etc)
	1
	0.00
	1.00
	36.27
	935.90
	4566.00
	708.50
	3.30E+05
	5.19E+05
	3.38E+05

	Tierod
	1
	0.50
	0.50
	4.50
	600.50
	4354.50
	800.14
	4.11E+03
	4.11E+03
	1.26E+01

	Half Shaft Assy - Rear Axle
	1
	0.50
	0.50
	19.77
	553.16
	4566.12
	719.76
	1.68E+05
	1.68E+05
	1.51E+03

	SUM
	1
	47.57
	114.82
	162.39
	693.77
	4570.70
	774.81
	7.28E+06
	1.38E+07
	1.25E+07




	Table H1.11: Steering (CPG Test).

		Steering
	 on/
off 
	Sprung
	Unsprung
	Mass
	CG Position 
(mm)
	Moment of Inertia
 (kg-)

	
	
	(kg)
	(kg)
	(kg)
	x
	y
	z
	Ixx
	Iyy
	Izz

	Front Center Link
	1
	0.00
	1.00
	0.01
	0.03
	1565.99
	849.16
	1.00E-01
	1.00E-01
	1.00E-01

	Front Arm (L) - Pitman
	1
	0.50
	0.50
	0.01
	387.50
	1614.66
	872.96
	1.00E-01
	1.00E-01
	1.00E-01

	Front Arm (R) - Idler
	1
	0.50
	0.50
	0.01
	-387.50
	1614.66
	872.96
	1.00E-01
	1.00E-01
	1.00E-01

	Ball Screw
	1
	0.00
	1.00
	0.01
	520.10
	1718.00
	1135.14
	1.00E-01
	1.00E-01
	1.00E-01

	Rack
	1
	1.00
	0.00
	0.01
	520.10
	1718.00
	1135.14
	1.00E-01
	1.00E-01
	1.00E-01

	Input Shaft
	1
	1.00
	0.00
	0.01
	520.10
	1771.93
	1175.00
	1.00E-01
	1.00E-01
	1.00E-01

	Intermediate Shaft
	1
	1.00
	0.00
	0.01
	520.10
	1872.66
	1250.00
	1.00E-01
	1.00E-01
	1.00E-01

	Steering Column
	1
	1.00
	0.00
	0.01
	520.10
	2144.79
	1420.45
	1.00E-01
	1.00E-01
	1.00E-01

	Column Housing
	1
	0.00
	1.00
	0.01
	520.10
	2144.79
	1420.45
	1.00E-01
	1.00E-01
	1.00E-01

	Steering Gear Housing
	1
	1.00
	0.00
	0.01
	520.10
	2138.00
	1110.00
	1.00E-01
	1.00E-01
	1.00E-01

	Steering Wheel
	1
	1.00
	0.00
	0.01
	520.10
	2350.00
	1540.90
	1.00E-01
	1.00E-01
	1.00E-01

	SUM
	1
	0.07
	0.04
	0.11
	378.26
	1877.59
	1162.01
	6.44E+04
	1.90E+04
	6.34E+04




	
Table H1.12: Tire Front (CPG Test).

	
	Tire Front
	 on/
off 
	Sprung
	Unsprung
	Mass
	CG Position 
(mm)
	Moment of Inertia
 (kg-)

	
	
	(kg)
	(kg)
	(kg)
	x
	y
	z
	Ixx
	Iyy
	Izz

	Rim
	1
	0.00
	1.00
	24.10
	976.50
	1264.00
	708.50
	3.51E+05
	6.91E+05
	6.91E+05

	Nuts
	8
	0.00
	1.00
	0.13
	976.50
	1264.00
	708.50
	3.51E+05
	6.91E+05
	6.91E+05

	Run-Flat
	1
	0.00
	1.00
	21.40
	976.50
	1264.00
	708.50
	3.51E+05
	6.91E+05
	6.91E+05

	Tire
	1
	0.00
	1.00
	56.10
	976.50
	1264.00
	708.50
	3.51E+05
	6.91E+05
	6.91E+05

	SUM
	1
	0.00
	102.62
	102.62
	976.50
	1264.00
	708.50
	3.86E+06
	7.60E+06
	7.60E+06




	
Table H1.13: Tire Rear (CPG Test).


		Tire Rear
	 on/
off 
	Sprung
	Unsprung
	Mass
	CG Position 
(mm)
	Moment of Inertia
(kg-)

	
	
	(kg)
	(kg)
	(kg)
	x
	y
	z
	Ixx
	Iyy
	Izz

	Rim
	1
	0.00
	1.00
	24.10
	976.50
	4566.00
	708.50
	3.51E+05
	6.91E+05
	6.91E+05

	Nuts
	8
	0.00
	1.00
	0.13
	976.50
	4566.00
	708.50
	3.51E+05
	6.91E+05
	6.91E+05

	Run-Flat
	1
	0.00
	1.00
	21.40
	976.50
	4566.00
	708.50
	3.51E+05
	6.91E+05
	6.91E+05

	Tire
	1
	0.00
	1.00
	56.10
	976.50
	4566.00
	708.50
	3.51E+05
	6.91E+05
	6.91E+05

	SUM
	1
	0.00
	102.62
	102.62
	976.50
	4566.00
	708.50
	3.86E+06
	7.60E+06
	7.60E+06




	
Table H1.14: Other Systems (CPG Test).

		Other Systems
	 on/
off 
	Sprung
	Unsprung
	Mass
	
CG Position 
(mm) 
	Moment of Inertia
 (kg-)

	
	
	(kg)
	(kg)
	(kg)
	x
	y
	z
	Ixx
	Iyy
	Izz

	Powertrain
	1
	1.00
	0.00
	0.04
	0.00
	2649.71
	1070.25
	5.03E+04
	2.32E+03
	4.80E+04

	Driveline
	1
	1.00
	0.00
	0.10
	0.00
	3029.23
	791.83
	5.03E+04
	2.32E+03
	4.80E+04

	 
	 
	 
	 
	 
	 
	
	 
	 
	
	 

	SUM
	1
	0.14
	0.00
	0.14
	0.00
	2920.80
	871.38
	4.95E+05
	1.44E+05
	6.18E+05




	








Table H1.15: Body (CPG Test).

		Body
	 on/
off 
	Sprung
	Unsprung
	Mass
	CG Position 
(mm) 
	Moment of Inertia
 (kg-)

	
	
	(kg)
	(kg)
	(kg)
	x
	y
	z
	z
	Ixx
	Iyy

	Payload Instrumentation
	1
	1.00
	0.00
	90.91
	17.00
	2993.00
	1317.00
	1.88E-23
	0.00E+00
	1.88E-23

	Payload. CPG Testing
	1
	1.00
	0.00
	1488.59
	0.00
	4452.83
	1500.00
	 
	
	 

	Payload. Miscellaneous
	0
	1.00
	0.00
	567.50
	0.00
	4600.00
	1618.00
	1.95E+07
	1.99E+06
	1.75E+07

	Crew - Driver
	0
	1.00
	0.00
	100.00
	520.00
	2879.00
	1400.00
	6.09E+09
	2.29E+09
	6.56E+09

	Crew - Front Passenger
	0
	1.00
	0.00
	165.00
	-520.00
	2879.00
	1400.00
	6.09E+09
	2.29E+09
	6.56E+09

	Crew - Rear Left
	0
	1.00
	0.00
	165.00
	520.00
	3664.00
	1400.00
	6.09E+09
	2.29E+09
	6.56E+09

	Crew - Rear Right
	0
	1.00
	0.00
	165.00
	-520.00
	3664.00
	1400.00
	6.09E+09
	2.29E+09
	6.56E+09

	Body (VIPER condition)
	1
	1.00
	0.00
	4093.37
	6.39
	2812.82
	938.48
	2.45E+09
	7.31E+09
	6.92E+09

	 
	 
	 
	 
	 
	 
	
	 
	 
	
	 

	SUM
	1
	5672.87
	0.00
	5672.87
	4.88
	3246.06
	1091.89
	5.74E+09
	7.66E+09
	9.87E+09







H1.3.2. VIPER Load Case
	Table H1.16: VIPER Test Properties.


		Load Case 
	VIPER

	Wheelbase (mm)
	3302.00

	Front Wheel Center 
Y-Displacement from Origin (mm)
	1264.00

	Front Corner Load (N)
	13288.12

	Rear Corner Load (N)
	12004.09

	Weight Distribution (% front)
	52.54 %




	Table H1.17:  ADAMS Subsystems (VIPER Load Case).
	ADAMS Substems
	on/off 
	Sprung
	Unsprung
	Mass
	CG Position (mm)
	Moment of Inertia (kg-)

	 
	 
	(kg)
	(kg)
	(kg)
	x
	y
	z
	Ixx
	Iyy
	Izz

	Front Suspension - Left
	1
	48.24
	106.68
	154.92
	676.40
	1250.89
	766.61
	6.37E+06
	1.18E+07
	9.66E+06

	Front Suspension - Right
	1
	48.24
	106.68
	154.92
	-676.40
	1250.89
	766.61
	6.37E+06
	1.18E+07
	9.66E+06

	Front ARB
	1
	6.24
	11.48
	17.72
	0.00
	883.69
	680.41
	2.41E+08
	1.22E+07
	2.53E+08

	Rear Suspension - Left
	1
	47.57
	114.82
	162.39
	693.77
	4570.70
	774.81
	7.28E+06
	1.38E+07
	1.25E+07

	Rear Suspension - Right
	1
	47.57
	114.82
	162.39
	-693.77
	4570.70
	774.81
	7.28E+06
	1.38E+07
	1.25E+07

	Steering
	1
	0.07
	0.04
	0.11
	378.26
	1877.59
	1162.01
	6.44E+04
	1.90E+04
	6.34E+04

	Tire Front - Left
	1
	0.00
	102.62
	102.62
	976.50
	1264.00
	708.50
	3.86E+06
	7.60E+06
	7.60E+06

	Tire Front - Right
	1
	0.00
	102.62
	102.62
	-976.50
	1264.00
	708.50
	3.86E+06
	7.60E+06
	7.60E+06

	Tire Rear - Left
	1
	0.00
	102.62
	102.62
	976.50
	4566.00
	708.50
	3.86E+06
	7.60E+06
	7.60E+06

	Tire Rear - Right
	1
	0.00
	102.62
	102.62
	-976.50
	4566.00
	708.50
	3.86E+06
	7.60E+06
	7.60E+06

	Powertrain
	1
	0.04
	0.00
	0.04
	0.00
	2649.71
	1070.25
	5.03E+04
	2.32E+03
	4.80E+04

	Driveline
	1
	0.10
	0.00
	0.10
	0.00
	3029.23
	791.83
	5.03E+04
	2.32E+03
	4.80E+04

	Body ("sprung mass")
	1
	4093.37
	0.00
	4093.37
	6.39
	2812.82
	938.48
	2.45E+09
	7.31E+09
	6.92E+09

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	SUM
	1
	4291.44
	864.97
	5156.41
	5.08
	2831.18
	898.65
	5.72E+09
	8.13E+09
	1.09E+10




	















Table H1.18:  Front Suspension (VIPER Load Case).

		Front Suspension
	on/
off 
	Sprung
	Un-sprung
	Mass
	CG Position (mm)
	Moment of Inertia (kg-)

	
	 
	(kg)
	(kg)
	(kg)
	x
	y
	z
	Ixx
	Iyy
	Izz

	UCA
	1
	0.50
	0.50
	8.49
	526.99
	1300.83
	975.33
	8.88E+04
	1.52E+05
	1.52E+05

	LCA
	1
	0.50
	0.50
	31.55
	476.41
	1263.68
	582.43
	1.17E+06
	1.39E+06
	2.47E+06

	Integrated Air Spring & Damper
	1
	0.50
	0.50
	31.05
	556.65
	1147.67
	1007.10
	3.03E+05
	3.03E+05
	2.00E+00

	Brake caliper
	1
	0.00
	1.00
	9.09
	932.15
	1123.82
	756.32
	9.89E+02
	9.89E+02
	9.89E+02

	Spindle (rotor & fasteners)
	1
	0.00
	1.00
	13.08
	1006.0
	1264.00
	708.50
	5.32E+02
	5.32E+02
	5.52E+02

	Wheel End (upright. etc)
	1
	0.00
	1.00
	36.27
	883.87
	1301.68
	715.94
	3.30E+05
	5.19E+05
	3.38E+05

	Tierod
	1
	0.50
	0.50
	5.62
	600.50
	1475.50
	800.14
	5.13E+03
	5.13E+03
	1.57E+01

	Half Shaft Assy - Front Axle
	1
	0.50
	0.50
	19.77
	553.16
	1263.88
	719.76
	1.68E+05
	1.68E+05
	1.51E+03

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	SUM
	1
	48.24
	106.68
	154.92
	676.40
	1250.89
	766.61
	6.37E+06
	1.18E+07
	9.66E+06




	

	
Table H1.19: Front ARB (VIPER Load Case).

	
	Front ARB
	on/
off 
	Sprung
	Un-sprung
	Mass
	CG Position (mm)
	Moment of Inertia (kg-)

	
	 
	(kg)
	(kg)
	(kg)
	x
	y
	z
	Ixx
	Iyy
	Izz

	Stabilizer Bar
	1
	0.50
	0.50
	12.48
	0.00
	817.52
	702.15
	7.98E+04
	1.94E+06
	2.02E+06

	Drop Link LH
	1
	0.00
	1.00
	2.62
	545.17
	1041.55
	628.56
	6.12E+02
	6.12E+02
	1.67E+00

	Drop Link RH
	1
	0.00
	1.00
	2.62
	545.17
	1041.55
	628.56
	6.12E+02
	6.12E+02
	1.67E+00

	 
	 
	 
	 
	 
	 
	
	 
	 
	
	 

	SUM
	1
	6.24
	11.48
	17.72
	0.00
	883.69
	680.41
	2.41E+08
	1.22E+07
	2.53E+08







	



Table H1.20:  Rear Suspension (VIPER Load Case).

	
	Rear Suspension
	on/
off 
	Sprung
	Unsprung
	Mass
	CG Position (mm)
	Moment of Inertia (kg-)

	
	 
	(kg)
	(kg)
	(kg)
	x
	y
	z
	Ixx
	Iyy
	Izz

	UCA
	1
	0.50
	0.50
	8.35
	461.40
	4544.40
	979.90
	8.74E+04
	1.49E+05
	1.49E+05

	LCA
	1
	0.50
	0.50
	31.47
	448.00
	4562.30
	594.70
	1.16E+06
	1.38E+06
	2.47E+06

	Integrated Air Spring & Damper
	1
	0.50
	0.50
	31.05
	556.65
	4682.33
	1007.10
	3.03E+05
	3.03E+05
	2.00E+00

	Brake Caliper
	1
	0.00
	1.00
	17.90
	932.08
	4476.51
	830.14
	1.08E+06
	1.01E+05
	9.76E+05

	Spindle (rotor & fasteners)
	1
	0.00
	1.00
	13.08
	1006.00
	4566.00
	708.50
	5.32E+02
	5.32E+02
	5.52E+02

	Wheel End (upright. etc)
	1
	0.00
	1.00
	36.27
	935.90
	4566.00
	708.50
	3.30E+05
	5.19E+05
	3.38E+05

	Tierod
	1
	0.50
	0.50
	4.50
	600.50
	4354.50
	800.14
	4.11E+03
	4.11E+03
	1.26E+01

	Half Shaft Assy - Rear Axle
	1
	0.50
	0.50
	19.77
	553.16
	4566.12
	719.76
	1.68E+05
	1.68E+05
	1.51E+03

	 
	 
	 
	 
	 
	 
	
	 
	 
	
	 

	SUM
	1
	47.57
	114.82
	162.39
	693.77
	4570.70
	774.81
	7.28E+06
	1.38E+07
	1.25E+07




	
Table H1.21: Steering (VIPER Load Case).


		Steering
	on/
off 
	Sprung
	Unsprung
	Mass
	CG Position (mm)
	Moment of Inertia (kg-)

	
	 
	(kg)
	(kg)
	(kg)
	x
	y
	z
	Ixx
	Iyy
	Izz

	Front Center Link
	1
	0.00
	1.00
	0.01
	0.03
	1565.99
	849.16
	1.00E-01
	1.00E-01
	1.00E-01

	Front Arm (L) - Pitman
	1
	0.50
	0.50
	0.01
	387.50
	1614.66
	872.96
	1.00E-01
	1.00E-01
	1.00E-01

	Front Arm (R) - Idler
	1
	0.50
	0.50
	0.01
	387.50
	1614.66
	872.96
	1.00E-01
	1.00E-01
	1.00E-01

	Ball Screw
	1
	0.00
	1.00
	0.01
	520.10
	1718.00
	1135.14
	1.00E-01
	1.00E-01
	1.00E-01

	Rack
	1
	1.00
	0.00
	0.01
	520.10
	1718.00
	1135.14
	1.00E-01
	1.00E-01
	1.00E-01

	Input Shaft
	1
	1.00
	0.00
	0.01
	520.10
	1771.93
	1175.00
	1.00E-01
	1.00E-01
	1.00E-01

	Intermediate Shaft
	1
	1.00
	0.00
	0.01
	520.10
	1872.66
	1250.00
	1.00E-01
	1.00E-01
	1.00E-01

	Steering Column
	1
	1.00
	0.00
	0.01
	520.10
	2144.79
	1420.45
	1.00E-01
	1.00E-01
	1.00E-01

	Column Housing
	1
	0.00
	1.00
	0.01
	520.10
	2144.79
	1420.45
	1.00E-01
	1.00E-01
	1.00E-01

	Steering Gear Housing
	1
	1.00
	0.00
	0.01
	520.10
	2138.00
	1110.00
	1.00E-01
	1.00E-01
	1.00E-01

	Steering Wheel
	1
	1.00
	0.00
	0.01
	520.10
	2350.00
	1540.90
	1.00E-01
	1.00E-01
	1.00E-01

	SUM
	1
	0.07
	0.04
	0.11
	378.26
	1877.59
	1162.01
	6.44E+04
	1.90E+04
	6.34E+04




	




Table H1.22:  Tire Front (VIPER Load Case).

		Tire Front
	on/ off 
	Sprung
	Un-sprung
	Mass
	CG Position
(mm)
	Moment of Inertia 
(kg-)

	
	 
	(kg)
	(kg)
	(kg)
	x
	y
	z
	Ixx
	Iyy
	Izz

	Rim
	1
	0.00
	1.00
	24.10
	976.50
	1264.00
	708.50
	3.51E+05
	6.91E+05
	6.91E+05

	Nuts
	8
	0.00
	1.00
	0.13
	976.50
	1264.00
	708.50
	3.51E+05
	6.91E+05
	6.91E+05

	Run-Flat
	1
	0.00
	1.00
	21.40
	976.50
	1264.00
	708.50
	3.51E+05
	6.91E+05
	6.91E+05

	Tire
	1
	0.00
	1.00
	56.10
	976.50
	1264.00
	708.50
	3.51E+05
	6.91E+05
	6.91E+05

	SUM
	1
	0.00
	102.62
	102.62
	976.50
	1264.00
	708.50
	3.86E+06
	7.60E+06
	7.60E+06




	
Table H1.23: Tire Rear (VIPER Load Case).

	
	Tire Rear
	on/off 
	Sprung
	Un-sprung
	Mass
	CG Position
(mm)
	Moment of Inertia 
(kg-)

	
	 
	(kg)
	(kg)
	(kg)
	x
	y
	z
	Ixx
	Iyy
	Izz

	Rim
	1
	0.00
	1.00
	24.10
	976.50
	4566.00
	708.50
	3.51E+05
	6.91E+05
	6.91E+05

	Nuts
	8
	0.00
	1.00
	0.13
	976.50
	4566.00
	708.50
	3.51E+05
	6.91E+05
	6.91E+05

	Run-Flat
	1
	0.00
	1.00
	21.40
	976.50
	4566.00
	708.50
	3.51E+05
	6.91E+05
	6.91E+05

	Tire
	1
	0.00
	1.00
	56.10
	976.50
	4566.00
	708.50
	3.51E+05
	6.91E+05
	6.91E+05

	SUM
	1
	0.00
	102.62
	102.62
	976.50
	4566.00
	708.50
	3.86E+06
	7.60E+06
	7.60E+06




	

	

	
Table H1.24: Other Systems (VIPER Load Case).
	Other Systems
	on/off 
	Sprung
	Unsprung
	Mass
	CG Position
(mm)
	Moment of Inertia
(kg-)

	
	 
	(kg)
	(kg)
	(kg)
	x
	y
	z
	Ixx
	Iyy
	Izz

	Powertrain
	1
	1.00
	0.00
	0.04
	0.00
	2649.71
	1070.25
	5.03E+04
	2.32E+03
	4.80E+04

	Driveline
	1
	1.00
	0.00
	0.10
	0.00
	3029.23
	791.83
	5.03E+04
	2.32E+03
	4.80E+04

	SUM
	1
	0.14
	0.00
	0.14
	0.00
	2920.80
	871.38
	4.95E+05
	1.44E+05
	6.18E+05




	


Table H1.25: Body (VIPER Load Case).

		Body
	on/
off 
	Sprung
	Un-sprung
	Mass
	CG Position
(mm) 
	Moment of Inertia 
(kg-)

	
	 
	(kg)
	(kg)
	(kg)
	x
	y
	z
	Ixx
	Iyy
	Izz

	Payload Instrumentation
	0
	1.00
	0.00
	90.91
	17.00
	2993.00
	1317.00
	1.88E-23
	0.00E+00
	1.88E-23

	Payload. CPG Testing
	0
	1.00
	0.00
	1488.59
	0.00
	4452.83
	1500.00
	 
	
	 

	Payload. Miscellaneous
	0
	1.00
	0.00
	567.50
	0.00
	4600.00
	1618.00
	1.95E+07
	1.99E+06
	1.75E+07

	Crew - Driver
	0
	1.00
	0.00
	165.00
	520.00
	2879.00
	1400.00
	6.09E+09
	2.29E+09
	6.56E+09

	Crew - Front Passenger
	0
	1.00
	0.00
	165.00
	-520.00
	2879.00
	1400.00
	6.09E+09
	2.29E+09
	6.56E+09

	Crew - Rear Left
	0
	1.00
	0.00
	165.00
	520.00
	3664.00
	1400.00
	6.09E+09
	2.29E+09
	6.56E+09

	Crew - Rear Right
	0
	1.00
	0.00
	165.00
	-520.00
	3664.00
	1400.00
	6.09E+09
	2.29E+09
	6.56E+09

	Body (VIPER condition)
	1
	1.00
	0.00
	4093.37
	6.39
	2812.82
	938.48
	2.45E+09
	7.31E+09
	6.92E+09

	SUM
	1
	4093.37
	0.00
	4093.37
	6.39
	2812.82
	938.48
	2.45E+09
	7.31E+09
	6.92E+09




	

	


H1.3.3. Curb Load Case
	Table H1.26: Curb Test Properties.

	
	Load Case 
	Curb

	Wheelbase (mm)
	3302.00

	Front Wheel Center 
Y-Displacement from Origin (mm)
	1264.00

	Front Corner Load (N)
	13288.12

	Rear Corner Load (N)
	12004.09

	Weight Distribution (% front)
	52.54 %

	








	




	

Table I.27: ADAMS Subsystems (Curb Load Case).

	
	ADAMS Subsystems
	On
/off 
	Sprung
	Un-sprung
	Mass
	CG Position (mm)
	Moment of Inertia (kg-)

	 
	 
	(kg)
	(kg)
	(kg)
	x
	y
	z
	Ixx
	Iyy
	Izz

	Front Suspension - Left
	1
	48.24
	106.68
	154.92
	676.40
	1250.89
	766.61
	6.37E+06
	1.18E+07
	9.66E+06

	Front Suspension - Right
	1
	48.24
	106.68
	154.92
	676.40
	1250.89
	766.61
	6.37E+06
	1.18E+07
	9.66E+06

	Front ARB
	1
	6.24
	11.48
	17.72
	0.00
	883.69
	680.41
	2.41E+08
	1.22E+07
	2.53E+08

	Rear Suspension - Left
	1
	47.57
	114.82
	162.39
	693.77
	4570.70
	774.81
	7.28E+06
	1.38E+07
	1.25E+07

	Rear Suspension - Right
	1
	47.57
	114.82
	162.39
	 693.77
	4570.70
	774.81
	7.28E+06
	1.38E+07
	1.25E+07

	Steering
	1
	0.07
	0.04
	0.11
	378.26
	1877.59
	1162.01
	6.44E+04
	1.90E+04
	6.34E+04

	Tire Front - Left
	1
	0.00
	102.62
	102.62
	976.50
	1264.00
	708.50
	3.86E+06
	7.60E+06
	7.60E+06

	Tire Front - Right
	1
	0.00
	102.62
	102.62
	976.50
	1264.00
	708.50
	3.86E+06
	7.60E+06
	7.60E+06

	Tire Rear - Left
	1
	0.00
	102.62
	102.62
	976.50
	4566.00
	708.50
	3.86E+06
	7.60E+06
	7.60E+06

	Tire Rear - Right
	1
	0.00
	102.62
	102.62
	976.50
	4566.00
	708.50
	3.86E+06
	7.60E+06
	7.60E+06

	Powertrain
	1
	0.04
	0.00
	0.04
	0.00
	2649.71
	1070.25
	5.03E+04
	2.32E+03
	4.80E+04

	Driveline
	1
	0.10
	0.00
	0.10
	0.00
	3029.23
	791.83
	5.03E+04
	2.32E+03
	4.80E+04

	Body ("sprung mass")
	1
	4093.37
	0.00
	4093.37
	6.39
	2812.82
	938.48
	2.45E+09
	7.31E+09
	6.92E+09

	SUM
	1
	4291.44
	864.97
	5156.41
	5.08
	2831.18
	898.65
	5.72E+09
	8.13E+09
	1.09E+10




	













	Table H1.28: Front Suspension (Curb Load Case).

		Front Suspension
	on/off 
	Sprung
	Unsprung
	Mass
	CG Position (mm)
	Moment of Inertia (kg-)

	
	 
	(kg)
	(kg)
	(kg)
	x
	y
	z
	Ixx
	Iyy
	Izz

	UCA
	1
	0.50
	0.50
	8.49
	526.99
	1300.83
	975.33
	8.88E+04
	1.52E+05
	1.52E+05

	LCA
	1
	0.50
	0.50
	31.55
	476.41
	1263.68
	582.43
	1.17E+06
	1.39E+06
	2.47E+06

	Integrated Air Spring & Damper
	1
	0.50
	0.50
	31.05
	556.65
	1147.67
	1007.10
	3.03E+05
	3.03E+05
	2.00E+00

	Brake caliper
	1
	0.00
	1.00
	9.09
	932.15
	1123.82
	756.32
	9.89E+02
	9.89E+02
	9.89E+02

	Spindle (rotor & fasteners)
	1
	0.00
	1.00
	13.08
	1006.00
	1264.00
	708.50
	5.32E+02
	5.32E+02
	5.52E+02

	Wheel End (upright. etc)
	1
	0.00
	1.00
	36.27
	883.87
	1301.68
	715.94
	3.30E+05
	5.19E+05
	3.38E+05

	Tierod
	1
	0.50
	0.50
	5.62
	600.50
	1475.50
	800.14
	5.13E+03
	5.13E+03
	1.57E+01

	Half Shaft Assy - Front Axle
	1
	0.50
	0.50
	19.77
	553.16
	1263.88
	719.76
	1.68E+05
	1.68E+05
	1.51E+03

	SUM
	1
	48.24
	106.68
	154.92
	676.40
	1250.89
	766.61
	6.37E+06
	1.18E+07
	9.66E+06





	Table H1.29: Front ARB  (Curb Load Case).

	
	Front ARB
	on/off 
	Sprung
	Unsprung
	Mass
	CG Position (mm)
	Moment of Inertia (kg-)

	
	 
	(kg)
	(kg)
	(kg)
	x
	y
	z
	Ixx
	Iyy
	Izz

	Stabilizer Bar
	1
	0.50
	0.50
	12.48
	0.00
	817.52
	702.15
	7.98E+04
	1.94E+06
	2.02E+06

	Drop Link LH
	1
	0.00
	1.00
	2.62
	545.17
	1041.55
	628.56
	6.12E+02
	6.12E+02
	1.67E+00

	Drop Link RH
	1
	0.00
	1.00
	2.62
	545.17
	1041.55
	628.56
	6.12E+02
	6.12E+02
	1.67E+00

	SUM
	1
	6.24
	11.48
	17.72
	0.00
	883.69
	680.41
	2.41E+08
	1.22E+07
	2.53E+08





	

Table H1.30: Rear Suspension (Curb Load Case).

		Rear Suspension
	on/-off 
	Sprung
	Un-sprung
	Mass
	CG Position (mm)
	Moment of Inertia (kg-)

	
	 
	(kg)
	(kg)
	(kg)
	x
	y
	z
	Ixx
	Iyy
	Izz

	UCA
	1
	0.50
	0.50
	8.35
	461.40
	4544.40
	979.90
	8.74E+04
	1.49E+05
	1.49E+05

	LCA
	1
	0.50
	0.50
	31.47
	448.00
	4562.30
	594.70
	1.16E+06
	1.38E+06
	2.47E+06

	Integrated Air Spring & Damper
	1
	0.50
	0.50
	31.05
	556.65
	4682.33
	1007.10
	3.03E+05
	3.03E+05
	2.00E+00

	Brake Caliper
	1
	0.00
	1.00
	17.90
	932.08
	4476.51
	830.14
	1.08E+06
	1.01E+05
	9.76E+05

	Spindle (rotor & fasteners)
	1
	0.00
	1.00
	13.08
	1006.00
	4566.00
	708.50
	5.32E+02
	5.32E+02
	5.52E+02

	Wheel End (upright. etc)
	1
	0.00
	1.00
	36.27
	935.90
	4566.00
	708.50
	3.30E+05
	5.19E+05
	3.38E+05

	Tierod
	1
	0.50
	0.50
	4.50
	600.50
	4354.50
	800.14
	4.11E+03
	4.11E+03
	1.26E+01

	Half Shaft Assy - Rear Axle
	1
	0.50
	0.50
	19.77
	553.16
	4566.12
	719.76
	1.68E+05
	1.68E+05
	1.51E+03

	SUM
	1
	47.57
	114.82
	162.39
	693.77
	4570.70
	774.81
	7.28E+06
	1.38E+07
	1.25E+07




	
Table H1.31: Steering (Curb Load Case).

		Steering
	on/off 
	Sprung
	Unsprung
	Mass
	CG Position (mm)
	Moment of Inertia (kg-)

	
	 
	(kg)
	(kg)
	(kg)
	x
	y
	z
	Ixx
	Iyy
	Izz

	Front Center Link
	1
	0.00
	1.00
	0.01
	0.03
	1565.99
	849.16
	1.00E-01
	1.00E-01
	1.00E-01

	Front Arm (L) - Pitman
	1
	0.50
	0.50
	0.01
	387.50
	1614.66
	872.96
	1.00E-01
	1.00E-01
	1.00E-01

	Front Arm (R) - Idler
	1
	0.50
	0.50
	0.01
	387.50
	1614.66
	872.96
	1.00E-01
	1.00E-01
	1.00E-01

	Ball Screw
	1
	0.00
	1.00
	0.01
	520.10
	1718.00
	1135.14
	1.00E-01
	1.00E-01
	1.00E-01

	Rack
	1
	1.00
	0.00
	0.01
	520.10
	1718.00
	1135.14
	1.00E-01
	1.00E-01
	1.00E-01

	Input Shaft
	1
	1.00
	0.00
	0.01
	520.10
	1771.93
	1175.00
	1.00E-01
	1.00E-01
	1.00E-01

	Intermediate Shaft
	1
	1.00
	0.00
	0.01
	520.10
	1872.66
	1250.00
	1.00E-01
	1.00E-01
	1.00E-01

	Steering Column
	1
	1.00
	0.00
	0.01
	520.10
	2144.79
	1420.45
	1.00E-01
	1.00E-01
	1.00E-01

	Column Housing
	1
	0.00
	1.00
	0.01
	520.10
	2144.79
	1420.45
	1.00E-01
	1.00E-01
	1.00E-01

	Steering Gear Housing
	1
	1.00
	0.00
	0.01
	520.10
	2138.00
	1110.00
	1.00E-01
	1.00E-01
	1.00E-01

	Steering Wheel
	1
	1.00
	0.00
	0.01
	520.10
	2350.00
	1540.90
	1.00E-01
	1.00E-01
	1.00E-01

	SUM
	1
	0.07
	0.04
	0.11
	378.26
	1877.59
	1162.01
	6.44E+04
	1.90E+04
	6.34E+04




	
Table H1.32: Tire Front (Curb Load Case).

		Tire Front
	on/
off 
	Sprung
	Un-
sprung
	Mass
	CG Position (mm)
	Moment of Inertia (kg-)

	
	 
	(kg)
	(kg)
	(kg)
	x
	y
	z
	Ixx
	Iyy
	Izz

	Rim
	1
	0.00
	1.00
	24.10
	976.50
	1264.00
	708.50
	3.51E+05
	6.91E+05
	6.91E+05

	Nuts
	8
	0.00
	1.00
	0.13
	976.50
	1264.00
	708.50
	3.51E+05
	6.91E+05
	6.91E+05

	Run-Flat
	1
	0.00
	1.00
	21.40
	976.50
	1264.00
	708.50
	3.51E+05
	6.91E+05
	6.91E+05

	Tire
	1
	0.00
	1.00
	56.10
	976.50
	1264.00
	708.50
	3.51E+05
	6.91E+05
	6.91E+05

	SUM
	1
	0.00
	102.62
	102.62
	976.50
	1264.00
	708.50
	3.86E+06
	7.60E+06
	7.60E+06




	

Table H1.33: Tire Rear (Curb Load Case).

		Tire Rear
	on/off 
	Sprung
	Unsprung
	Mass
	CG Position (mm)
	Moment of Inertia (kg-)

	
	 
	(kg)
	(kg)
	(kg)
	x
	y
	z
	Ixx
	Iyy
	Izz

	Rim
	1
	0.00
	1.00
	24.10
	976.50
	4566.00
	708.50
	3.51E+05
	6.91E+05
	6.91E+05

	Nuts
	8
	0.00
	1.00
	0.13
	976.50
	4566.00
	708.50
	3.51E+05
	6.91E+05
	6.91E+05

	Run-Flat
	1
	0.00
	1.00
	21.40
	976.50
	4566.00
	708.50
	3.51E+05
	6.91E+05
	6.91E+05

	Tire
	1
	0.00
	1.00
	56.10
	976.50
	4566.00
	708.50
	3.51E+05
	6.91E+05
	6.91E+05

	SUM
	1
	0.00
	102.62
	102.62
	976.50
	4566.00
	708.50
	3.86E+06
	7.60E+06
	7.60E+06




	

Table H1.34: Other Systems  (Curb Load Case)

		Other Systems
	on/off 
	Sprung
	Unsprung
	Mass
	CG Position (mm)
	Moment of Inertia (kg-)

	
	 
	(kg)
	(kg)
	(kg)
	x
	y
	z
	Ixx
	Iyy
	Izz

	Powertrain
	1
	1.00
	0.00
	0.04
	0.00
	2649.71
	1070.25
	5.03E+04
	2.32E+03
	4.80E+04

	Driveline
	1
	1.00
	0.00
	0.10
	0.00
	3029.23
	791.83
	5.03E+04
	2.32E+03
	4.80E+04

	SUM
	1
	0.14
	0.00
	0.14
	0.00
	2920.80
	871.38
	4.95E+05
	1.44E+05
	6.18E+05




	






Table H1.35: Body  (Curb Load Case).

		Body
	on/
off 
	Sprung
	Un-
sprung
	Mass
	CG Position (mm)
	Moment of Inertia (kg-)

	
	 
	(kg)
	(kg)
	(kg)
	x
	y
	z
	Ixx
	Iyy
	Izz

	Payload Instrumentation
	0
	1.00
	0.00
	90.91
	17.00
	2993.00
	1317.00
	1.88E-23
	0.00E+00
	1.88E-23

	Payload. CPG Testing
	0
	1.00
	0.00
	1488.59
	0.00
	4452.83
	1500.00
	 
	
	 

	Payload. Miscellaneous
	0
	1.00
	0.00
	567.50
	0.00
	4600.00
	1618.00
	1.95E+07
	1.99E+06
	1.75E+07

	Crew - Driver
	0
	1.00
	0.00
	165.00
	520.00
	2879.00
	1400.00
	6.09E+09
	2.29E+09
	6.56E+09

	Crew - Front Passenger
	0
	1.00
	0.00
	165.00
	-520.00
	2879.00
	1400.00
	6.09E+09
	2.29E+09
	6.56E+09

	Crew - Rear Left
	0
	1.00
	0.00
	165.00
	520.00
	3664.00
	1400.00
	6.09E+09
	2.29E+09
	6.56E+09

	Crew - Rear Right
	0
	1.00
	0.00
	165.00
	-520.00
	3664.00
	1400.00
	6.09E+09
	2.29E+09
	6.56E+09

	Body (VIPER condition)
	1
	1.00
	0.00
	4093.37
	6.39
	2812.82
	938.48
	2.45E+09
	7.31E+09
	6.92E+09

	SUM
	1
	4093.37
	0.00
	4093.37
	6.39
	2812.82
	938.48
	2.45E+09
	7.31E+09
	6.92E+09






H1.3.4. Gross Vehicle Weight (GVW) Load Case

	Table H1.36: GVW Test Properties. 

		Load Case 
	GVW

	Wheelbase (mm)
	3302.00

	Front Wheel Center 
Y-Displacement from Origin (mm)
	1264.00

	Front Corner Load (N)
	14115.11

	Rear Corner Load (N)
	16388.67

	Weight Distribution (% front)
	46.27 %












	Table H1.37: ADAMS Subsystems (GVW Load Case).
	ADAMS Subsystems
	on/ off 
	Sprung
	Un-
sprung
	Mass
	CG Position (mm)
	Moment of Inertia (kg-)

	 
	 
	(kg)
	(kg)
	(kg)
	x
	y
	z
	Ixx
	Iyy
	Izz

	Front Suspension - Left
	1
	48.24
	106.68
	154.92
	676.40
	1250.89
	766.61
	6.37E+06
	1.18E+07
	9.66E+06

	Front Suspension - Right
	1
	48.24
	106.68
	154.92
	676.40
	1250.89
	766.61
	6.37E+06
	1.18E+07
	9.66E+06

	Front ARB
	1
	6.24
	11.48
	17.72
	0.00
	883.69
	680.41
	2.41E+08
	1.22E+07
	2.53E+08

	Rear Suspension - Left
	1
	47.57
	114.82
	162.39
	693.77
	4570.70
	774.81
	7.28E+06
	1.38E+07
	1.25E+07

	Rear Suspension - Right
	1
	47.57
	114.82
	162.39
	693.77
	4570.70
	774.81
	7.28E+06
	1.38E+07
	1.25E+07

	Steering
	1
	0.07
	0.04
	0.11
	378.26
	1877.59
	1162.01
	6.44E+04
	1.90E+04
	6.34E+04

	Tire Front - Left
	1
	0.00
	102.62
	102.62
	976.50
	1264.00
	708.50
	3.86E+06
	7.60E+06
	7.60E+06

	Tire Front - Right
	1
	0.00
	102.62
	102.62
	976.50
	1264.00
	708.50
	3.86E+06
	7.60E+06
	7.60E+06

	Tire Rear - Left
	1
	0.00
	102.62
	102.62
	976.50
	4566.00
	708.50
	3.86E+06
	7.60E+06
	7.60E+06

	Tire Rear - Right
	1
	0.00
	102.62
	102.62
	976.50
	4566.00
	708.50
	3.86E+06
	7.60E+06
	7.60E+06

	Powertrain
	1
	0.04
	0.00
	0.04
	0.00
	2649.71
	1070.25
	5.03E+04
	2.32E+03
	4.80E+04

	Driveline
	1
	0.10
	0.00
	0.10
	0.00
	3029.23
	791.83
	5.03E+04
	2.32E+03
	4.80E+04

	Body ("sprung mass")
	1
	5155.87
	0.00
	5155.87
	-11.57
	3066.13
	1057.58
	1.05E+10
	9.91E+09
	1.52E+10

	SUM
	1
	5353.94
	864.97
	6218.91
	-9.58
	3038.06
	1004.20
	1.38E+10
	1.08E+10
	1.92E+10




	

	
Table H1.38: Front Suspension (GVW Load Case).

		Front Suspension
	on/off 
	Sprung
	Unsprung
	Mass
	CG Position (mm) 
	 
Moment of Inertia (kg-)  

	
	 
	(kg)
	(kg)
	(kg)
	x
	y
	z
	Ixx
	Iyy
	Izz

	UCA
	1
	0.50
	0.50
	8.49
	526.99
	1300.83
	975.33
	8.88E+04
	1.52E+05
	1.52E+05

	LCA
	1
	0.50
	0.50
	31.55
	476.41
	1263.68
	582.43
	1.17E+06
	1.39E+06
	2.47E+06

	Integrated Air Spring & Damper
	1
	0.50
	0.50
	31.05
	556.65
	1147.67
	1007.10
	3.03E+05
	3.03E+05
	2.00E+00

	Brake caliper
	1
	0.00
	1.00
	9.09
	932.15
	1123.82
	756.32
	9.89E+02
	9.89E+02
	9.89E+02

	Spindle (rotor & fasteners)
	1
	0.00
	1.00
	13.08
	1006.00
	1264.00
	708.50
	5.32E+02
	5.32E+02
	5.52E+02

	Wheel End (upright. etc)
	1
	0.00
	1.00
	36.27
	883.87
	1301.68
	715.94
	3.30E+05
	5.19E+05
	3.38E+05

	Tierod
	1
	0.50
	0.50
	5.62
	600.50
	1475.50
	800.14
	5.13E+03
	5.13E+03
	1.57E+01

	Half Shaft Assy - Front Axle
	1
	0.50
	0.50
	19.77
	553.16
	1263.88
	719.76
	1.68E+05
	1.68E+05
	1.51E+03

	SUM
	1
	48.24
	106.68
	154.92
	676.40
	1250.89
	766.61
	6.37E+06
	1.18E+07
	9.66E+06




	Table H1.39: Front ARB (GVW Load Case).

		Front ARB
	on/off 
	Sprung
	Unsprung
	Mass
	CG Position (mm) 
	 
Moment of Inertia (kg-)    

	
	 
	(kg)
	(kg)
	(kg)
	x
	y
	z
	Ixx
	Iyy
	Izz

	Stabilizer Bar
	1
	0.50
	0.50
	12.48
	0.00
	817.52
	702.15
	7.98E+04
	1.94E+06
	2.02E+06

	Drop Link LH
	1
	0.00
	1.00
	2.62
	545.17
	1041.55
	628.56
	6.12E+02
	6.12E+02
	1.67E+00

	Drop Link RH
	1
	0.00
	1.00
	2.62
	-545.17
	1041.55
	628.56
	6.12E+02
	6.12E+02
	1.67E+00

	SUM
	1
	6.24
	11.48
	17.72
	0.00
	883.69
	680.41
	2.41E+08
	1.22E+07
	2.53E+08




	



	Table H1.40: Rear Suspension (GVW Load Case).

		Rear Suspension

	on/
off 
	Sprung
	Un-sprung
	Mass
	CG Position 
(mm)
	Moment of Inertia
(kg-)     

	
	 
	(kg)
	(kg)
	(kg)
	x
	y
	z
	Ixx
	Iyy
	Izz

	UCA
	1
	0.50
	0.50
	8.35
	461.40
	4544.40
	979.90
	8.74E+04
	1.49E+05
	1.49E+05

	LCA
	1
	0.50
	0.50
	31.47
	448.00
	4562.30
	594.70
	1.16E+06
	1.38E+06
	2.47E+06

	Integrated Air Spring & Damper
	1
	0.50
	0.50
	31.05
	556.65
	4682.33
	1007.10
	3.03E+05
	3.03E+05
	2.00E+00

	Brake Caliper
	1
	0.00
	1.00
	17.90
	932.08
	4476.51
	830.14
	1.08E+06
	1.01E+05
	9.76E+05

	Spindle (rotor & fasteners)
	1
	0.00
	1.00
	13.08
	1006.00
	4566.00
	708.50
	5.32E+02
	5.32E+02
	5.52E+02

	Wheel End (upright. etc)
	1
	0.00
	1.00
	36.27
	935.90
	4566.00
	708.50
	3.30E+05
	5.19E+05
	3.38E+05

	Tierod
	1
	0.50
	0.50
	4.50
	600.50
	4354.50
	800.14
	4.11E+03
	4.11E+03
	1.26E+01

	Half Shaft Assy - Rear Axle
	1
	0.50
	0.50
	19.77
	553.16
	4566.12
	719.76
	1.68E+05
	1.68E+05
	1.51E+03

	SUM
	1
	47.57
	114.82
	162.39
	693.77
	4570.70
	774.81
	7.28E+06
	1.38E+07
	1.25E+07




	










Table H1.41: Steering (GVW Load Case).

		Steering

	on/ off
	Sprung
	Un-
sprung
	Mass
	CG Position
 (mm) 
	Moment of Inertia 
(kg-)     

	
	 
	(kg)
	(kg)
	(kg)
	x
	y
	z
	Ixx
	Iyy
	Izz

	Front Center Link
	1
	0.00
	1.00
	0.01
	0.03
	1565.99
	849.16
	1.00E-01
	1.00E-01
	1.00E-01

	Front Arm (L) - Pitman
	1
	0.50
	0.50
	0.01
	387.50
	1614.66
	872.96
	1.00E-01
	1.00E-01
	1.00E-01

	Front Arm (R) - Idler
	1
	0.50
	0.50
	0.01
	387.50
	1614.66
	872.96
	1.00E-01
	1.00E-01
	1.00E-01

	Ball Screw
	1
	0.00
	1.00
	0.01
	520.10
	1718.00
	1135.14
	1.00E-01
	1.00E-01
	1.00E-01

	Rack
	1
	1.00
	0.00
	0.01
	520.10
	1718.00
	1135.14
	1.00E-01
	1.00E-01
	1.00E-01

	Input Shaft
	1
	1.00
	0.00
	0.01
	520.10
	1771.93
	1175.00
	1.00E-01
	1.00E-01
	1.00E-01

	Intermediate Shaft
	1
	1.00
	0.00
	0.01
	520.10
	1872.66
	1250.00
	1.00E-01
	1.00E-01
	1.00E-01

	Steering Column
	1
	1.00
	0.00
	0.01
	520.10
	2144.79
	1420.45
	1.00E-01
	1.00E-01
	1.00E-01

	Column Housing
	1
	0.00
	1.00
	0.01
	520.10
	2144.79
	1420.45
	1.00E-01
	1.00E-01
	1.00E-01

	Steering Gear Housing
	1
	1.00
	0.00
	0.01
	520.10
	2138.00
	1110.00
	1.00E-01
	1.00E-01
	1.00E-01

	Steering Wheel
	1
	1.00
	0.00
	0.01
	520.10
	2350.00
	1540.90
	1.00E-01
	1.00E-01
	1.00E-01

	SUM
	1
	0.07
	0.04
	0.11
	378.26
	1877.59
	1162.01
	6.44E+04
	1.90E+04
	6.34E+04




	

Table H1.42: Tire Front (GVW Load Case).

		Tire Front
	on/ off
	Sprung
	Un-
sprung
	Mass

	CG Position
(mm)
	Moment of Inertia
(kg-)

	
	 
	(kg)
	(kg)
	(kg)
	x
	y
	z
	Ixx
	Iyy
	Izz

	Rim
	1
	0.00
	1.00
	24.10
	976.50
	1264.00
	708.50
	3.51E+05
	6.91E+05
	6.91E+05

	Nuts
	8
	0.00
	1.00
	0.13
	976.50
	1264.00
	708.50
	3.51E+05
	6.91E+05
	6.91E+05

	Run-Flat
	1
	0.00
	1.00
	21.40
	976.50
	1264.00
	708.50
	3.51E+05
	6.91E+05
	6.91E+05

	Tire
	1
	0.00
	1.00
	56.10
	976.50
	1264.00
	708.50
	3.51E+05
	6.91E+05
	6.91E+05

	SUM
	1
	0.00
	102.62
	102.62
	976.50
	1264.00
	708.50
	3.86E+06
	7.60E+06
	7.60E+06




	

Table H1.43: Tire Rear (GVW Load Case). 

		Tire Rear
	on/ off 
	Sprung 
	Unsprung
	Mass
	CG Position
 (mm) 
	Moment of Inertia 
(kg-)     

	
	 
	(kg)
	(kg)
	(kg)
	x
	y
	z
	Ixx
	Iyy
	Izz

	Rim
	1
	0.00
	1.00
	24.10
	976.50
	4566.00
	708.50
	3.51E+05
	6.91E+05
	6.91E+05

	Nuts
	8
	0.00
	1.00
	0.13
	976.50
	4566.00
	708.50
	3.51E+05
	6.91E+05
	6.91E+05

	Run-Flat
	1
	0.00
	1.00
	21.40
	976.50
	4566.00
	708.50
	3.51E+05
	6.91E+05
	6.91E+05

	Tire
	1
	0.00
	1.00
	56.10
	976.50
	4566.00
	708.50
	3.51E+05
	6.91E+05
	6.91E+05

	SUM
	1
	0.00
	102.62
	102.62
	976.50
	4566.00
	708.50
	3.86E+06
	7.60E+06
	7.60E+06




	



Table H1.44: Other Systems (GVW Load Case).

		Other Systems
	on/ off
	Sprung
	Unsprung
	Mass
	CG Position
(mm)
	Moment of Inertia
(kg-)

	
	
	(kg)
	(kg)
	(kg)
	x
	y
	z
	Ixx
	Iyy
	Izz

	Powertrain
	1
	1.00
	0.00
	0.04
	0.00
	2649.71
	1070.25
	5.03E+04
	2.32E+03
	4.80E+04

	Driveline
	1
	1.00
	0.00
	0.10
	0.00
	3029.23
	791.83
	5.03E+04
	2.32E+03
	4.80E+04

	SUM
	1
	0.14
	0.00
	0.14
	0.00
	2920.80
	871.38
	4.95E+05
	1.44E+05
	6.18E+05




	

	
Table H1.45: Body (GVW Load Case).

		Body
	on/ off 
	Sprung 
	Un-sprung
	Mass
	CG Position
 (mm) 
	Moment of Inertia 
(kg-)     

	
	 
	(kg)
	(kg)
	(kg)
	x
	y
	z
	Ixx
	Iyy
	Izz

	Payload Instrumentation
	0
	1.00
	0.00
	90.91
	17.00
	2993.00
	1317.00
	1.88E-23
	0.00E+00
	1.88E-23

	Payload. CPG Testing
	0
	1.00
	0.00
	1488.59
	0.00
	4452.83
	1500.00
	 
	
	 

	Payload. Miscellaneous
	1
	1.00
	0.00
	567.50
	0.00
	4600.00
	1618.00
	1.95E+07
	1.99E+06
	1.75E+07

	Crew - Driver
	0
	1.00
	0.00
	165.00
	520.00
	2879.00
	1400.00
	6.09E+09
	2.29E+09
	6.56E+09

	Crew - Front Passenger
	1
	1.00
	0.00
	165.00
	-520.00
	2879.00
	1400.00
	6.09E+09
	2.29E+09
	6.56E+09

	Crew - Rear Left
	1
	1.00
	0.00
	165.00
	520.00
	3664.00
	1400.00
	6.09E+09
	2.29E+09
	6.56E+09

	Crew - Rear Right
	1
	1.00
	0.00
	165.00
	-520.00
	3664.00
	1400.00
	6.09E+09
	2.29E+09
	6.56E+09

	Body (VIPER condition)
	1
	1.00
	0.00
	4093.37
	6.39
	2812.82
	938.48
	2.45E+09
	7.31E+09
	6.92E+09

	SUM
	1
	5155.87
	0.00
	5155.87
	-11.57
	3066.13
	1057.58
	1.05E+10
	9.91E+09
	1.52E+10




	




H1.4.       STEERING

1.	Key Steering System Parameters
a. Upper and lower I-shaft (intermediate shaft) angles are within 10°  of each other.			
(1) Upper I shaft angle is 18.8 deg	
(2) Lower I shaft angle is 26.5 deg	
b. Full steer is achieved with inside turn angle of 34° and outside turn angle of 30°.	
c. 52% Ackermann								
d. Turn Circle is 49.2 ft								
e. Nominal clearances of 25.0mm were met for all steering system parts with some excursions for the following part interactions:				
(1) Line anchor points = 0mm							
(2) Pitman arm to structure, full jounce, full steer = 19.6mm
(3) Pitman arm to structure, castle nut to structure full jounce, full steer = 6.0mm								
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	Figure H1.6: Steering System.




H1.5.       SUSPENSION

1.	Key Suspension Package Dimensions
a. Total width (including tires) is 90.1 inches
b. Track width is 76.9 inches
c. Wheelbase is 130 inches
d. Kingpin angle is 11.4°
e. Ground offset is 57.1mm
f. Castor angle is 2°
g. Mechanical trail is 16.2mm
h. Maximum suspension articulation is +/-180mm
i. Highway ride height is at 0mm
j. Obstacle Ride Height is at +70.5mm
k. Vehicle approach angle at obstacle condition is 60°
l. Vehicle departure angle at obstacle condition is 63°
m. Vehicle breakover angle at obstacle condition is 14.3°
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	Figure H1.7: Suspension System.
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	Figure H1.8: Stabilizer Bar Properties.

	






Table H1.46: Stabilizer Bar Data.


		Axle Data

	Vehicle Track Width (mm)
	1950.0

	Max Bump @ TCP (mm)
	180.0

	Max Rebound @ TCP (mm)
	180.0

	ARB to Whl Motion Ratio (mmbar/mmtp)
	0.6

	Target Axle Roll K Contribution (Nm/deg)
	2000.0
	114580000 Nmm/rad

	Bar Data

	a (mm)
	170.0
	 (mm)
	330.0

	b (mm)
	170.0
	 (mm)
	371.2

	c (mm)
	285.0
	L (mm)
	1250.0

	Inner bend radius of bar  (mm)
	170.0
	Rubber Mounting Radial Stiffness (N/mm)
	5000.0

	Material 

	Youngs Modulus E (MPa)
	200000
	Material Density  (kg/
	7.90E-06







	TableH1.47: Stabilizer Bar Properties.


		Required Bar Roll System Rate (Nmm/rad)
	130784754

	Contribution to Bar Rate (Nmm/rad)
	812250000

	Required Roll Bar Rate (Nmm/rad)
	155884570

	Required Solid Bar OD d  (mm)
	38.27

	Solid Bar Mass m (kg)
	15.02

	Required Hollow Bar 
	105315.89

	Hollow Bar OD 
	40.00

	Hollow Bar ID 
	25.37

	Hollow Bar Mass 
	9.80

	Bar End Force @ Max Articulation P (N)
	18079.7







	Table H1.48: Stabilizer Bar Deflection Data.

		
	BUMP
	REBOUND
	AVERAGE 

	Bar End Deflections (mm)
	108
	108
	108

	Effective Bar End Deflections Due To Rubber (mm)
	90.61
	90.61
	90.61








	Table H1.49: Bushing Parameters.

		BUSHING PARAMETERS

	Design
	
	Tested

	
	Rates
N/mm
	Size
mm
	Position
	Tenneco P/N
	Rates
N/mm
	Difference

	Radial
	22.000
	63
	UCA
	CT00B901160
	22.782
	103.55%

	Axial
	8.150
	
	
	
	8.000
	98.16%

	Radial
	75.000
	85
	LCA
	CT00B901220
	66.616
	88.82%

	Axial
	42.000
	
	
	
	41.723
	99.34%







	
Table H1.50: Bushing Rotational Stiffness and Damping Values.

	
	
	Length
mm
	Rotational Stiffness
N/mm
	Rotational Damping
N-s/mm

	
	 
	X
	Y
	Z
	X
	Y
	Z

	UCA
	57.50
	328.659
	328.659
	0
	32.866
	32.866
	0

	LCA
	80.00
	1.860.270
	1.860.270
	0
	186.027
	186.027
	0







	
Table H1.51: Bushing Translational Stiffness and Damping Values.

	
	
	Translational Stiffness
N/mm
	Translational Damping
N-s/mm

	
	X
	Y
	Z
	X
	Y
	Z

	UCA
	22.782
	22.782
	8.000
	2.278
	2.278
	800

	LCA
	66.616
	66.616
	41.723
	6.662
	6.662
	4.172





H1.6.   		  SPRING RATES
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	Figure H1.9: Coil + Air Springs – Test Results.
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	Figure H1.10: Air Springs Only - Test 
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	Figure H1.11: Spring Characteristics 18 psi.
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	Figure H1.12: Spring Characteristics 34 psi.
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	Figure H1.13: Spring Characteristics 50 psi.



H1.7.        DAMPER DATA

	Table H1.52: Tested Values.

	
	
	Rebound 
(N)
	Compression (N)

	Velocity (m/s)
	Low Freq
	High Freq
	Low Freq
	High Freq

	0.02
	766
	652
	986
	654

	0.05
	3621
	1649
	2935
	2672

	0.13
	12628
	2975
	6669
	5789

	0.22
	14045
	4718
	8620
	8376

	0.33
	15444
	7496
	10548
	10335






	

	Figure H1.14: Frequency Selective Damper Characteristics.

















H1.8.        DRIVE TRAIN

	Table H1.53: Transmission Shift Strategy

	
	TRANS OUTPUT
SHAFT RPM
	
	
	
	
	
	
	
	
	

	upshift
	0
	0.3
	0.4
	0.5
	0.6
	0.7
	0.8
	0.9
	0.95
	1
	<--% throttle

	1
	271
	271
	304
	357
	418
	437
	452
	466
	466
	466
	

	2
	506
	506
	569
	667
	780
	836
	950
	969
	969
	969
	

	3
	1246
	1246
	1246
	1246
	1280
	1380
	1520
	1720
	1720
	1720
	

	4
	1700
	1700
	1700
	1700
	1700
	1750
	1960
	2320
	2320
	2320
	

	5
	2100
	2100
	2100
	2100
	2150
	2250
	2536
	3070
	3070
	3070
	

	6
	
	
	
	
	
	
	
	
	
	
	

	downshift
	0
	0.3
	0.4
	0.5
	0.6
	0.7
	0.8
	0.9
	0.95
	1
	<--% throttle

	1
	
	
	
	
	
	
	
	
	
	
	

	2
	225
	225
	225
	225
	225
	225
	225
	225
	225
	225
	

	3
	250
	250
	342
	492
	584
	655
	700
	744
	778
	812
	

	4
	1080
	1080
	1080
	1080
	1090
	1100
	1175
	1250
	1300
	1300
	

	5
	1400
	1400
	1400
	1400
	1450
	1500
	1650
	1870
	1870
	1870
	

	6
	1700
	1700
	1700
	1700
	1700
	1776
	2020
	2247
	2700
	2700
	

	TC lockup
	0
	0.3
	0.4
	0.5
	0.6
	0.7
	0.8
	0.9
	0.95
	1
	<--% throttle

	1
	6350
	6350
	6350
	6350
	6350
	6350
	6350
	6350
	6350
	6350
	

	2
	6350
	6350
	6350
	6350
	6350
	6350
	6350
	6350
	6350
	6350
	

	3
	1120
	1120
	1120
	1120
	1140
	1200
	1350
	1420
	1420
	1420
	

	4
	1500
	1500
	1500
	1500
	1500
	1500
	1600
	1600
	1600
	1600
	

	5
	2000
	2000
	2000
	2000
	2000
	2000
	2100
	2250
	2250
	2250
	

	6
	2000
	2000
	2000
	2000
	2000
	2150
	2500
	3068
	3068
	3068
	

	TC unlock
	0
	0.3
	0.4
	0.5
	0.6
	0.7
	0.8
	0.9
	0.95
	1
	<--% throttle

	1
	111
	111
	111
	111
	111
	111
	111
	111
	111
	111
	

	2
	580
	580
	580
	580
	580
	580
	580
	580
	580
	580
	

	3
	655
	655
	655
	655
	655
	655
	655
	655
	655
	655
	

	4
	1050
	1050
	1050
	1050
	1050
	1050
	1050
	1050
	1050
	1050
	

	5
	1500
	1500
	1500
	1500
	1500
	1500
	1500
	1500
	1500
	1500
	

	6
	1600
	1600
	1600
	1600
	1600
	1600
	1600
	1600
	1600
	1600
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	Figure H1.15: Drive Train.



	Table H1.54: Powertrain Data.

	
	Final Drive Gear Ratio(2)
	4.88

	Final Drive Efficiency - halfshaft
	0.995

	Axle  Ratios
	4.88

	Axle Efficiency
	0.965

	Transmission Spin Losses
	 

	Propshaft
	0.992






	Table H1.55: Transmission Gear Ratios (individual)

	
	Gear (3)
	Ratio
	Efficiency

	1
	3.74
	0.91

	2
	2.003
	0.92

	3
	1.343
	0.925

	4
	1
	0.93

	5
	0.773
	0.925

	6
	0.634
	0.92

	7
	NA
	NA

	8
	NA
	NA

	9
	NA
	NA

	10
	NA
	NA

	Reverse
	NA
	NA






	Table H1.56: Transfer Case Gear Ratios (individual).

	
	Gear
	Ratio
	Efficiency

	LOW
	2.72
	0.944

	HIGH
	1.00
	0.99




	
Table H1.57: Torque Converter Characteristics.

		Speed Ratio
	Torque Ratio
	K-factor [rpm / (Nm)^0.5]

	0
	1.747
	83.9

	0.121
	1.65
	82.7

	0.242
	1.574
	82.4

	0.365
	1.481
	82.1

	0.484
	1.386
	82.5

	0.599
	1.294
	83.3

	0.708
	1.205
	84.6

	0.787
	1.127
	88.9

	0.848
	1.065
	94.2

	0.874
	1.035
	97.2

	0.895
	1.009
	100.4

	0.91
	0.994
	104.2

	0.917
	0.992
	108.9

	0.924
	0.993
	113.6

	0.93
	0.993
	118.3

	0.935
	0.993
	122.9

	0.94
	0.993
	127.7

	0.944
	0.992
	132.6

	0.947
	0.991
	137.3

	0.949
	0.99
	142.3

	0.951
	0.99
	147.1

	0.953
	0.989
	151.8

	0.956
	0.993
	156.6

	0.958
	0.991
	161.3

	0.96
	0.991
	166.1

	0.962
	0.992
	171.1

	0.964
	0.996
	175.9

	0.965
	0.995
	180.8

	0.967
	0.994
	185.6

	0.968
	0.994
	190.5

	0.97
	0.993
	195.3







1.	Key Driveline Package Dimensions												
a. Transmission and transfer case are installed on an angle of 5.5° with the rest of the powertrain.								
b. Propshaft base running angles are <10° for the front and rear shafts.	
c. The front axle pinion input is 3.0° up from horizontal.				
d. The rear axle pinion input is 7.1° up from horizontal.				
(1) Nominal clearances of 25.4 mm were met for all driveline parts with some excursions for the following part interactions.			
(2) Axle to skid plate = 14.05 mm						
(3) Axle to ultra-plate structure = 14.5 mm					
(4) Aisin Transmission pan = 21.0 mm 												
												

	[image: ]

	Figure H1.16: Tractive Effort
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	Figure .17: Gradeability Performance


H1.9.        FED ENGINE DATA
	Table H1.58: General  Engine Data

		Numbers of Cylinders
	4

	Displacement (L)
	4.5

	Aspiration
	Turbocharged and Charge Air Cooled

	Bore (mm)
	107

	Stroke (mm)
	124

	Approximate Engine Weight – Dry (kg)
	366

	Approximate Engine Weight – Wet (kg)
	385

	Center of Gravity
	

	From front face of block (mm)
	271

	Above crankshaft centerline (mm)
	158

	Moment of Inertia of complete engine

	X moment of inertia (Roll) (kg-)
	14.7

	Y moment of inertia (Pitch)  (kg-)
	25

	Z moment of inertia (Yaw) (kg-)
	19.1

	Maximum static mounting surface bending moment

	Rear face of block (Nm)
	1.356

	Bold pad for front support (Nm)
	141

	Maximum crankshaft thrust bearing load limit

	Intermittent load (N)
	6.670

	Maximum torque available from front of crankshaft (no side load)
	

	Mass moment of inertia – rotating components (excluding flywheel) (kg)
	0.15

	Altitude capability
	See rating




	Table H1.59: Cooling System.

		Minimum operating block coolant temperature
	70 deg C

	Coolant Capacity
	7 L

	Engine cooling circuit thermostat opening temperature
	83 deg C

	Engine cooling circuit thermostat fully open temperature
	95 deg C

	Minimum fill rate (low level alarm required for most engines)
	19 L/min

	Minimum coolant expansion space (% total system capacity)
	6%

	Minimum drawdown (%total cooling system capacity)
	11%

	Maximum dearation time
	25 minutes

	Minimum pressure cap setting at sea level for 107degC top tank temp.
	100 kPa

	Coolant temp for full on Fan
	99 deg C

	CAC outlet temperature for full on Fan
	75 deg C
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	Figure H1.18: Engine Torque and Power Characteristics.
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	Figure H1.19: Engine Lug Torque and Power Characteristics.



	Table H1.60: Engine Data.

	
	
	Units

	Engine Inertia 
	0.35
	 
	kg*m2

	Rotating Wheel Inertia 
	14.6
	 
	kg*m2

	Engine Rated  Power -- @ rpm
	155.5 @ 2200 rpm
	kW

	Engine rated Torque -- @ rpm
	794.1 @ 1500 rpm
	Nm

	Idle Engine Speed (RPM) and Fuel Flow
	800
	 
	rpm

	Engine displacement 
	4.5
	 
	L

	Engine Maximum rpm
	2500
	 
	rpm







H1.10.      ANCILLARY AND OTHER DATA
	Table H1.61: Aerodynamics.

		
	
	Units

	Vehicle Frontal Area 
	3.8
	m2

	Frontal Drag Coefficient. Cd
	0.6
	 







H1.11.       TIRE DATA
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	Figure H1.20: Tire Data.
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	Figure H1.21: Tire Deflection vs. Vertical Load.
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Figure H1.22: Goodyear Fuel Max 335/65R22.5 Sample Tire Print (15 psi. 3000 lbs).
	Table H1.62: Pac2002 Longitudinal Force Coefficients.

		LONGITUDINAL COEFFICIENTS

	Derived
	Fx
	
	Given
	Fx

	PSI
	40.6
	60.0
	
	PSI
	40.0
	70.0
	95.0

	Bar
	2.80
	4.14
	
	Bar
	2.76
	4.83
	6.55

	PCX1
	1.4
	1.4000E+00
	
	PCX1
	1.4
	1.4
	1.4

	PDX1
	0.982585
	9.3385E-01
	
	PDX1
	0.98412
	0.90872
	0.84003

	PDX2
	-0.04343
	-4.3779E-02
	
	PDX2
	-0.04341
	-0.04396
	-0.06596

	PEX1
	-6.89564
	-5.8966E+00
	
	PEX1
	-6.9271
	-5.3813
	-4.5309

	PEX2
	-4.57513
	-7.0247E+00
	
	PEX2
	-4.498
	-8.288
	-3.0987

	PEX3
	0.007316
	-2.1695E-01
	
	PEX3
	0.014378
	-0.33261
	0.20647

	PEX4
	0
	0.0000E+00
	
	PEX4
	0
	0
	0

	PKX1
	8.553352
	7.5991E+00
	
	PKX1
	8.5834
	7.107
	6.3425

	PKX2
	9.98E-05
	2.0158E-05
	
	PKX2
	0.000102
	-2.1E-05
	-2E-05

	PKX3
	-0.06762
	-1.1869E-01
	
	PKX3
	-0.06602
	-0.14503
	-0.16666

	PHX1
	0
	0.0000E+00
	
	PHX1
	0
	0
	0

	PHX2
	0
	0.0000E+00
	
	PHX2
	0
	0
	0

	PVX1
	0
	0.0000E+00
	
	PVX1
	0
	0
	0

	PVX2
	0
	0.0000E+00
	
	PVX2
	0
	0
	0

	RBX1
	10
	1.0000E+01
	
	RBX1
	10
	10
	10

	RBX2
	6
	6.0000E+00
	
	RBX2
	6
	6
	6

	RCX1
	1
	1.0000E+00
	
	RCX1
	1
	1
	1

	RHX1
	0
	0.0000E+00
	
	RHX1
	0
	0
	0

	PTX1
	0
	0.0000E+00
	
	PTX1
	0
	0
	0

	PTX2
	0
	0.0000E+00
	
	PTX2
	0
	0
	0

	PTX3
	0
	0.0000E+00
	
	PTX3
	0
	0
	0






	Table H1.63: Pac2002 Lateral Force Coefficients.

		LATERAL COEFFICIENTS

	Derived
	Fy
	
	Given
	Fy

	PSI
	40.6
	60.0
	
	PSI
	40.0
	70.0
	95.0

	Bar
	2.80
	4.14
	
	Bar
	2.76
	4.83
	6.55

	PCY1
	1.5249
	1.2742E+00
	
	PCY1
	1.5328
	1.1449
	0.54764

	PDY1
	-0.7104
	-7.3151E-01
	
	PDY1
	-0.70977
	-0.74238
	-1.1188

	PDY2
	0.1404
	1.0076E-01
	
	PDY2
	0.14161
	0.080332
	0.072812

	PDY3
	-4.3804
	-1.6121E+00
	
	PDY3
	-4.4676
	-0.18433
	-1.7244

	PEY1
	0.0850
	6.9355E-02
	
	PEY1
	0.085482
	0.061291
	0.056372

	PEY2
	-0.0419
	-4.5834E-02
	
	PEY2
	-0.04176
	-0.04787
	-0.06561

	PEY3
	0.8208
	2.3519E-01
	
	PEY3
	0.83929
	-0.06686
	-0.28765

	PEY4
	99.5444
	8.9965E+01
	
	PEY4
	99.846
	85.025
	63.843

	PKY1
	-14.5132
	-1.2265E+01
	
	PKY1
	-14.584
	-11.106
	-9.5432

	PKY2
	2.1277
	2.3291E+00
	
	PKY2
	2.1214
	2.4329
	2.4559

	PKY3
	0.6889
	3.9846E-01
	
	PKY3
	0.69802
	0.24868
	0.62823

	PHY1
	0.0047
	4.1814E-03
	
	PHY1
	0.004716
	0.003914
	0.00355

	PHY2
	0.0002
	1.9571E-03
	
	PHY2
	9.74E-05
	0.002887
	0.004517

	PHY3
	-0.0423
	-3.8875E-02
	
	PHY3
	-0.04242
	-0.0371
	-0.03547

	PVY1
	0.0137
	7.8797E-03
	
	PVY1
	0.01392
	0.00486
	0.003104

	PVY2
	-0.0114
	-3.3858E-03
	
	PVY2
	-0.01162
	0.000732
	0.009559

	PVY3
	-0.2553
	-2.1044E-01
	
	PVY3
	-0.25674
	-0.18729
	-0.13882

	PVY4
	-0.0353
	-1.3928E-01
	
	PVY4
	-0.03204
	-0.1929
	-0.25693

	RBY1
	0
	0.0000E+00
	
	RBY1
	0
	0
	0

	RBY2
	0
	0.0000E+00
	
	RBY2
	0
	0
	0

	RBY3
	0
	0.0000E+00
	
	RBY3
	0
	0
	0

	RCY1
	0
	0.0000E+00
	
	RCY1
	0
	0
	0

	RHY1
	0
	0.0000E+00
	
	RHY1
	0
	0
	0

	RVY1
	0
	0.0000E+00
	
	RVY1
	0
	0
	0

	RVY2
	0
	0.0000E+00
	
	RVY2
	0
	0
	0

	RVY3
	0
	0.0000E+00
	
	RVY3
	0
	0
	0

	RVY4
	0
	0.0000E+00
	
	RVY4
	0
	0
	0

	RVY5
	0
	0.0000E+00
	
	RVY5
	0
	0
	0

	RVY6
	0
	0.0000E+00
	
	RVY6
	0
	0
	0

	PTY1
	0
	0.0000E+00
	
	PTY1
	0
	0
	0

	PTY2
	0
	0.0000E+00
	
	PTY2
	0
	0
	0









	
Table H1.64: Pac2002 Aligning Torque Coefficients.

		ALIGNING COEFFICIENTS

	Derived
	Mz
	
	Given
	Mz

	PSI
	40.6
	60.0
	
	PSI
	40.0
	70.0
	95.0

	Bar
	2.80
	4.14
	
	Bar
	2.76
	4.83
	6.55

	QBZ1
	12.9542
	1.0231E+01
	
	QBZ1
	13.04
	8.8264
	8.5499

	QBZ2
	-4.2227
	-2.8746E+00
	
	QBZ2
	-4.2651
	-2.1794
	-2.0123

	QBZ3
	-10.7976
	-9.9609E+00
	
	QBZ3
	-10.824
	-9.5293
	-9.7502

	QBZ4
	0.7522
	5.8091E-01
	
	QBZ4
	0.75764
	0.49255
	0.40886

	QBZ5
	-1.3100
	-5.2975E-01
	
	QBZ5
	-1.3346
	-0.12732
	-0.75474

	QBZ9
	0.5000
	5.0000E-01
	
	QBZ9
	0.50001
	0.49999
	0.49999

	QCZ1
	1.4000
	1.4000E+00
	
	QCZ1
	1.4
	1.4
	1.4

	QDZ1
	0.0778
	7.9179E-02
	
	QDZ1
	0.077735
	0.079901
	0.080379

	QDZ2
	-0.0221
	-2.4616E-02
	
	QDZ2
	-0.02201
	-0.02592
	-0.02931

	QDZ3
	-0.0303
	-3.1977E-02
	
	QDZ3
	-0.0302
	-0.03286
	-0.03207

	QDZ4
	0.2777
	1.3990E-01
	
	QDZ4
	0.28203
	0.068831
	0.29184

	QDZ6
	-0.0013
	-2.2134E-03
	
	QDZ6
	-0.0013
	-0.00267
	-0.00258

	QDZ7
	-6.83E-05
	-1.0696E-03
	
	QDZ7
	-3.7E-05
	-0.00159
	-0.00148

	QDZ8
	-0.0104
	-1.7916E-02
	
	QDZ8
	-0.01017
	-0.02179
	-0.02047

	QDZ9
	0.0358
	2.3003E-02
	
	QDZ9
	0.03622
	0.016395
	0.004416

	QEZ1
	-0.2794
	-2.0626E-01
	
	QEZ1
	-0.28175
	-0.16852
	-0.01791

	QEZ2
	-0.3846
	-5.8411E-01
	
	QEZ2
	-0.37831
	-0.68701
	-0.73133

	QEZ3
	-1.2737
	-3.2451E+00
	
	QEZ3
	-1.2116
	-4.2618
	-4.7227

	QEZ4
	0.6893
	4.5327E-01
	
	QEZ4
	0.69676
	0.33152
	0.32329

	QEZ5
	17.5560
	7.8689E+00
	
	QEZ5
	17.861
	2.8728
	2.5289

	QHZ1
	0.0027
	1.2666E-03
	
	QHZ1
	0.002778
	0.000511
	-0.00115

	QHZ2
	-0.0071
	-6.9367E-03
	
	QHZ2
	-0.00706
	-0.00687
	-0.00574

	QHZ3
	0.0551
	9.0016E-02
	
	QHZ3
	0.054028
	0.10801
	0.12163

	QHZ4
	0.2091
	1.6710E-01
	
	QHZ4
	0.2104
	0.14545
	0.10576

	SSZ1
	0.00
	0.0000E+00
	
	SSZ1
	0
	0
	0

	SSZ2
	0.00
	0.0000E+00
	
	SSZ2
	0
	0
	0

	SSZ3
	0.00
	0.0000E+00
	
	SSZ3
	0
	0
	0

	SSZ4
	0.00
	0.0000E+00
	
	SSZ4
	0
	0
	0

	QTZ1
	0.00
	0.0000E+00
	
	QTZ1
	0
	0
	0

	MBELT
	0.00
	0.0000E+00
	
	MBELT
	0
	0
	0










	Table H1.65: Pac2002 Other Parameters.

		OTHER PARAMETERS

	Derived
	-
	
	Given
	-

	PSI
	40.6
	60.0
	
	PSI
	40.0
	70.0
	95.0

	Bar
	2.80
	4.14
	
	Bar
	2.76
	4.83
	6.55

	Unl. Rad
	0.4987
	0.4987
	
	Unl. Rad
	0.4987
	0.4987
	0.4990

	Vertical
	
	Vertical

	Stiffness
	4.1136E+05
	5.6519E+05
	
	Stiffness
	4.0652E+05
	6.4452E+05
	8.4855E+05

	BREFF
	8.400
	8.400
	
	BREFF
	8.400
	8.400
	8.399

	DREFF
	0.212
	0.199
	
	DREFF
	0.212
	0.192
	0.163

	FREFF
	0.007
	0.002
	
	FREFF
	0.007
	0.000
	0.000

	FNOMIN
	17074
	21674
	
	FNOMIN
	16929
	24046
	29912

	Slip Angle Range
	
	Slip Angle Range

	ALPMIN
	-0.19757
	-0.19499
	
	ALPMIN
	-0.19765
	-0.19366
	-0.19392

	ALPMAX
	0.20045
	0.19769
	
	ALPMAX
	0.20054
	0.19626
	0.19687

	Inclination Angle Range
	
	Inclination Angle Range

	CAMMIN
	-0.12167
	-0.12166
	
	CAMMIN
	-0.12167
	-0.12166
	-0.12169

	CAMMAX
	0.12253
	0.12250
	
	CAMMAX
	0.12253
	0.12249
	0.12244

	Vertical Force Range
	
	Vertical Force Range

	FZMIN
	8426
	10752
	
	FZMIN
	8353
	11951
	8852

	FZMAX
	24016
	30578
	
	FZMAX
	23809
	33962
	42193







H1.12.       CAD DATA COORDINATE SYSTEM REFERENCE POINTS


[image: ]

Figure H1.23: CAD Data Y-Z Plane Reference Point.




[image: ]
Figure H1.24: CAD Data X-Z Plane Reference Point.




[image: ]

Figure H1.25: CAD Data X-Y Plane Reference Point.
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H2.1.	SOIL DATA

Averaged Becker-Wong parameters for soft soil tests 1) Variable Hill Climb, 2NS Sand, Dry; 2) Fine Grain Pit, Dry; 3) Coarse Grain Pit, Dry and; 4) Fine Grain Pit, Wet obtained using a bevameter are shown in Table H2.1. Table H2.1 shows the average of two measurements. Pictures of the bevameter used are shown in Figure H2.1. Comparison between the raw Bevameter data and the fitted Becker-Wong functions, and the MATLAB codes used to calculate Bekker-Wong parameters from the raw bevameter data are presented in the following sections.
	Table H2.1: Averaged Bekker-Wong Parameters (Bevameter Data) of Test Sets.

		
	Sinkage Plates
	Grouser Shear Ring
	Rubber Ring

	Location
	n
	Kc(lb/in n+1)
	Kc(lb/in n+2)
	ε
	C (psi)
	Phi (deg)
	K avg (in)
	C (psi)
	Phi (deg)
	K avg (in)

	Variable Hill Climb, 2NS Sand, Dry
	0.5
	46.9
	10.2
	0.9
	0.2
	32.0
	0.8
	0.0
	26.7
	0.3

	Fine Grain Pit, Dry
	1.8
	420.9
	-106.8
	0.9
	0.2
	36.7
	0.7
	0.0
	28.8
	0.3

	Coarse Pit, Dry
	0.6
	34.7
	17.6
	0.9
	0.2
	31.4
	0.8
	0.0
	26.7
	0.4

	Fine Grain Pit, Wet
	3.3
	0.1
	0.1
	0.8
	0.5
	35.2
	1.2
	0.1
	28.8
	0.3
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Figure H2.1: Bevameter (KRC).
H2.2. COMPARISON BETWEEN RAW BEVAMETER DATA AND FITTED BEKKER-WONG CURVES

Plots are shown below for bevameter data in both Engineering and SI units.
H2.2.1. Representative Repetitive Pressure-Sinkage Curves for 2NS Sand

[image: ]
Figure H2.2: Raw and Fitted Pressure-Sinkage Curves for 2NS Sand.

[image: ]
Figure H2.3: Raw and Fitted Pressure-Sinkage Curves for 2NS Sand (SI).

H2.2.2. Representative Shear Stress Curves for 2NS Sand

[image: ]
Figure H2.4: Raw and Fitted Shear Stress Curves for 2NS Sand.

[image: ]
Figure H2.5: Raw and Fitted Shear Stress Curves for 2NS Sand (SI).

H2.2.3.  Averaged Mohr-Coulomb Relationships for 2NS Sand 

[image: ]
Figure H2.6: Averaged Mohr-Coulomb Relationship for 2NS Sand.

[image: ]
Figure H2.7: Averaged Mohr-Coulomb Relationship for 2NS Sand (SI).

H2.3. MATLAB CODES TO CONVERT RAW BEVAMETER DATA TO BEKKER-WONG (BW) PARAMETERS

H2.3.1. MATLAB Code to Calculate BW Parameters from Compression Tests
clear variables
 
% Process Compression Tests
% Save the current directory as a variable (z)
z=cd;
% GUI to choose the directory path and file for the 4" test
[file4, path4] = uigetfile('*.csv','Select the 4" Sinkage Test');
if isequal(file4,0) || isequal(path4,0)
       disp('User pressed cancel')
else 

% load the 4" file to process
cd(path4);
x=csvread(file4,8,1);
Z4=x(3:length(x)-1,1);
F4=abs(x(3:length(x)-1,2));
Z42=Z4.^2;
P4=F4/12.566;
P42=P4.^2;
logZ4=log(Z4);
logP4=log(P4);
logZ42=logZ4.^2;
b1=2;

% Set up Keq fittype and options for 4" Plate.
ft = fittype( 'power1' );
opts = fitoptions( 'Method', 'NonlinearLeastSquares' );
opts.Algorithm = 'Levenberg-Marquardt';
opts.Display = 'Off';
opts.Robust = 'Bisquare';
 
% Fit model to data.
[fitresult, gof] = fit( Z4, P4, ft, opts );
Keq4=fitresult.a;
n4=fitresult.b;
P4keq=Keq4.*Z4.^n4;
 
% GUI to choose the directory path and file for the 6" test
[file6, path6] = uigetfile('*.csv','Select the 6" Sinkage Test');
if isequal(file6,0) || isequal(path6,0)
       disp('User pressed cancel')
else 
    
% load the 6" file to process
cd(path6);
x=csvread(file6,8,1);
Z6=x(3:length(x)-1,1);
F6=abs(x(3:length(x)-1,2));
P6=F6/28.274;
Z62=Z6.^2;
P62=P6.^2;
logZ6=log(Z6);
logP6=log(P6);
logZ62=logZ6.^2;
b2=3;
 
% Set up Keq fittype and options for 6" Plate.
ft = fittype( 'power1' );
opts = fitoptions( 'Method', 'NonlinearLeastSquares' );
opts.Algorithm = 'Levenberg-Marquardt';
opts.Display = 'Off';
opts.Robust = 'Bisquare';
 
% Fit model to data.
[fitresult, gof] = fit( Z6, P6, ft, opts );
Keq6=fitresult.a;
n6=fitresult.b;
P6keq=Keq6.*Z6.^n6;
 
% Compute average n and Keq from 4 and 6 inch Plates
Keqavg=(Keq4+Keq6)/2;
navg=(n4+n6)/2;
 
% Extract BW parameters using Weighted Least-Squares Method
%Raw Data
n1=((sum(P42)*sum(P42.*logP4.*logZ4))-(sum(P42.*logP4)*sum(P42.*logZ4)))/((sum(P42)*sum(P42.*logZ42))-(sum(P42.*logZ4))^2);
n2=((sum(P62)*sum(P62.*logP6.*logZ6))-(sum(P62.*logP6)*sum(P62.*logZ6)))/((sum(P62)*sum(P62.*logZ62))-(sum(P62.*logZ6))^2);
nav=(n1+n2)/2;
keq1=exp(((sum(P42.*logP4)-(nav*sum(P42.*logZ4)))/sum(P42)));
keq2=exp(((sum(P62.*logP6)-(nav*sum(P62.*logZ6)))/sum(P62)));
Kc2=((keq1-keq2)/(b2-b1))*b1*b2;
Kp2=keq1-((keq1-keq2)/(b2-b1))*b2;
keqavg=(keq1+keq2)/2;
 
%Calculate Pressures from BW Values and Evaluate Goodness-of-Fit
p1=Z4.^nav.*(Kc2/b1+Kp2);
p2=Z6.^nav.*(Kc2/b2+Kp2);
 
e4=1-((sum((P4-p1).^2)/(length(P4)-2))^0.5/(sum(P4./length(P4))));
e6=1-((sum((P6-p2).^2)/(length(P6)-2))^0.5/(sum(P6./length(P6))));
eavg=(e4+e6)/2;
 
% Plot Results
figure(1)
plot(Z4,P4,Z4,p1,Z4,P4keq)
title(file4,'Interpreter','none')
xlabel('Sinkage (inches)')
ylabel('Pressure (psi)')
legend('Raw','Calculated (BW)','Calculated (Keq4)')
 
figure(2)
plot(Z6,P6,Z6,p2,Z6,P6keq)
title(file6,'Interpreter','none')
xlabel('Sinkage (inches)')
ylabel('Pressure (psi)')
legend('Raw','Calculated (BW)','Calculated (Keq6)')
 
figure(3)
Pavgkeq=Keqavg*Z4.^navg;
plot(Z4,P4,Z4,p1,Z6,P6,Z6,p2,Z4,Pavgkeq)
xlabel('Sinkage (inches)')
ylabel('Pressure (psi)')
legend('Raw, 4in','Calculated, 4in (BW)','Raw, 6in','Calculated, 6in (BW)','Calculated (Keq, Avg)','Location','NorthWest')
 
figure(4)
plot(Z4,P4,Z4,P4keq,Z6,P6,Z6,P6keq,Z4,Pavgkeq)
xlabel('Sinkage (inches)')
ylabel('Pressure (psi)')
legend('Raw, 4in','Calculated, 4in (Keq)','Raw, 6in','Calculated, 6in (Keq)','Calculated (Keq, Avg)','Location','NorthWest')
end
end
 
cd(z);

H2.3.2. MATLAB Code to Calculate BW Parameters from Shear Tests.

% Process Bevameter Shear Tests
 
clear all
 
% Pre-allocate empty variables
N=[0 0 0];
Tau=[0 0 0];
K=[0 0 0];
tmax=[0 0 0];
 
% Save the current directory as a variable (z)
z=cd;
 
% GUI to choose the directory path and file for the 1.25 psi test
[file1, path1] = uigetfile('*.csv','Select the 1.25 PSI Shear Test');
if isequal(file1,0) || isequal(path1,0)
       disp('User pressed cancel')
else     
% load the 1.25 psi file to process
cd(path1);
x=csvread(file1,8,1); 
ang1=x(2:370,1);
rad1=ang1*pi/180;
j1=rad1*6;
T1=x(2:370,3);
Tau1=T1*0.003144;
N(1)=1.25;
Tau(1)=mean(Tau1(225:365));
 
% GUI to choose the directory path and file for the 2.5 psi test
[file2, path2] = uigetfile('*.csv','Select the 2.5 PSI Shear Test');
if isequal(file2,0) || isequal(path2,0)
       disp('User pressed cancel')
else 
% load the 2.5 psi file to process
cd(path2);
x=csvread(file2,8,1); 
ang2=x(2:370,1);
rad2=ang2*pi/180;
j2=rad2*6;
T2=x(2:370,3);
Tau2=T2*0.003144;
N(2)=2.5;
Tau(2)=mean(Tau2(225:365));
 
% GUI to choose the directory path and file for the 3.75 psi test
[file3, path3] = uigetfile('*.csv','Select the 3.75 PSI Shear Test');
if isequal(file3,0) || isequal(path3,0)
       disp('User pressed cancel')
else     
% load the 3.75 psi file to process
cd(path3);
x=csvread(file3,8,1); 
ang3=x(2:370,1);
rad3=ang3*pi/180;
j3=rad3*6;
T3=x(2:370,3);
Tau3=T3*0.003144;
N(3)=3.75;
Tau(3)=mean(Tau3(225:365));
N2=[0 N];
% Compute Jenosi K and tmax values for Shear Stress vs Shear Displacement
% Set up fittype and options for T1.
ft = fittype( 'a*(1-exp(-j1/K))', 'independent', 'j1', 'dependent', 'Tau1' );
opts = fitoptions( 'Method', 'NonlinearLeastSquares' );
opts.Algorithm = 'Levenberg-Marquardt';
opts.Display = 'Off';
opts.StartPoint = [j1(3) Tau1(3)];
 
% Fit model to data.
[fitresult1,~] = fit(j1,Tau1,ft,opts );
K(1)=fitresult1.K;
tmax(1)=fitresult1.a;
 
% Set up fittype and options for T2.
ft = fittype( 'a*(1-exp(-j2/K))', 'independent', 'j2', 'dependent', 'Tau2' );
opts = fitoptions( 'Method', 'NonlinearLeastSquares' );
opts.Algorithm = 'Levenberg-Marquardt';
opts.Display = 'Off';
opts.StartPoint = [j2(3) Tau2(3)];
 
% Fit model to data.
[fitresult2,~] = fit(j2,Tau2,ft,opts );
K(2)=fitresult2.K;
tmax(2)=fitresult2.a;
 
% Set up fittype and options for T3.
ft = fittype( 'a*(1-exp(-j3/K))', 'independent', 'j3', 'dependent', 'Tau3' );
opts = fitoptions( 'Method', 'NonlinearLeastSquares' );
opts.Algorithm = 'Levenberg-Marquardt';
opts.Display = 'Off';
opts.StartPoint = [j3(3) Tau3(3)];
 
% Fit model to data.
[fitresult3,gof] = fit(j3,Tau3,ft,opts );
K(3)=fitresult3.K;
tmax(3)=fitresult3.a;
 
% Fit Bekker Wong Parameters to Linear Trend of Shear vs Normal Stress
lint=polyfit(N,tmax,1);
fitt=polyval(lint,N2);
C= lint(2);
Phi=atan(lint(1))*180/pi;
 
figure(1)
plot(ang1,Tau1,ang2,Tau2,ang3,Tau3)
%title(file,'Interpreter','none')
xlabel('Angle (degrees)')
ylabel('Shear Stress (psi)')
%legend(N(1) N(2) N(3))
 
figure(2)
plot(ang1,T1,ang2,T2,ang3,T3)
%title(file,'Interpreter','none')
xlabel('Angle (degrees)')
ylabel('Torque (in-lb)')
%legend(N(1) N(2) N(3))
 
figure(3)
plot(N,Tau,'bo',N2,fitt,'r')
xlabel('Normal Stress (psi)')
ylabel('Shear Stress (psi)')
 
figure(4)
plot(fitresult1,j1,Tau1)
%title(file,'Interpreter','none')
xlabel('Shear displacement (inches)')
ylabel('Shear Stress (psi)')
figure(5)
plot(fitresult2,j2,Tau2)
%title(file,'Interpreter','none')
xlabel('Shear displacement (inches)')
ylabel('Shear Stress (psi)')
figure(6)
plot(fitresult3,j3,Tau3)
%title(file,'Interpreter','none')
xlabel('Shear displacement (inches)')
ylabel('Shear Stress (psi)')
%legend(N(1) N(2) N(3))
end
end 
end
 
cd(z);
 

H2.4. SURFACE FRICTION

1.	Surface friction for hard surfaces are measured using Saab Friction Tester. The Saab Friction Tester measures friction by loading a wheel located in the rear center of the vehicle with a known normal load and measures the torque on that wheel as it drives over the test surface and converts it to a coefficient of friction.
2.	The tire is a hard rubber straight ribbed tire and so coefficient of friction values should be viewed as relative to that tire with the understanding that a vehicle with different rubber compounds and different tread patterns will experience a different coefficient of friction. With this in mind, it is best to use the data as a comparison of relative change over time rather than an exact value.

	[image: Saab Side.jpg]

	Figure H2.8: Saab Friction Test Vehicle.
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	Figure H2.9: Saab Friction Test Vehicle (Lower-Rear View).
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	Figure H2.10: Saab Friction Test Tire.

	

Table H2.2: Coefficients of Friction Measured by the Saab Friction Test Vehicle.

	
	Surface
	Measured Values
	Tests

	
	1
	2
	3
	Avg
	

	Pavement- Old Asphalt
	0.92
	0.95
	0.95
	0.94
	Braking, Aceleration, and Paved Lane Change

	Pavement- New Asphalt
	0.97
	0.95
	0.93
	0.95
	Wall-to-Wall Turning and Steady-State Cornering

	Gravel VDA North Side
	0.37
	0.41
	0.33
	0.37
	Gravel Lane Change

	30% Compacted Rock
	0.45
	0.45
	0.43
	0.44
	30% Side Slope
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H3.1.	 INTRODUCTION 

1.	The Fuel Efficiency Demonstrator, Alpha (FED-A),  was selected for the NG-NRMM Cooperative Demonstration of Technology (CDT) that was organized by NATO’s Applied Vehicle Technology (AVT) Research Task Group AVT-308.  The CDT took place September 25-27, 2018. The CDT and all vehicle instrumentation and testing were conducted at Michigan Technological University/Keweenaw Research Center (MTU/KRC).

2.	The intention of this document is to provide and highlight stand-alone necessary information for a user’s vehicle dynamics model correlation in various directions of motion under different types of test events associated with the FED-A vehicle. For each test event, the corresponding driver’s control inputs (steering wheel angle, throttle or braking efforts) are provided. The road profiles are also described in terms of their types of surface and compliances if applicable. When correlating the test time history data, the users of this document should understand the test condition, vehicle setup and instrumentation to ensure the simulation has correct road profile condition, driver’s control inputs and vehicle response output definition. This document does not provide any correlation metric between the test data and the simulation results, but only provides the collected time history data from each event.
3.	Testing was conducted by MTU/KRC to provide the mobility characteristics of the FED-A vehicle.  Table H3.1 presents a summary of the subtests that were performed and corresponding objectives for each subtest.


















	
Table H3.1: FED-A Mobility Test Objectives.


	Subtest
	Objective

	H3.3 Automotive Performance

	H3.3.1 Speed and Acceleration
	To provide the operating characteristics under full throttle acceleration conditions

	H3.3.2 Braking
	To provide the operating characteristics during maximum effort braking conditions

	H3.3.3 Gradeability
	To provide the operating characteristics on longitudinal grades 

	H3.4 Obstacles

	H3.4.1 Vertical Step
	To provide the operating characteristics while negotiating vertical obstacles

	H3.4.2 V-ditch
	To provide the operating characteristics while negotiating a large V-ditch obstacle

	H3.5 Vehicle Handling Response

	H3.5.1 Constant Cornering
	a. To provide the handling characteristics during a steady state cornering test
b. To provide the minimum turning circle diameters 

	H3.5.2 NATO Lane Change
	To provide the dynamic stability during emergency lane change maneuver

	H3.6 Vehicle Dynamic Response

	H3.6.1 Half Rounds
	To provide the operating characteristics while negotiating half-rounds and provide the speed of the vehicle that generates 2.5 g peak acceleration at the driver’s seat

	H3.6.2 RMS Courses
	To provide the operating characteristics while negotiating RMS courses and provide the speeds of the vehicle that generate 6W absorbed power at the driver’s seat

	H3.7 Trafficability

	H3.7.1 Drawbar
	To provide the maximum tractive effort and response of the system on both coarse-grained sand and fine-grained soil surfaces



H3.2.	  TEST ASSET AND DATA COLLECTED

H3.2.1.	Data Structure 
1.	Objective 
To provide information regarding the structure of the test data set

2.	Data Format 
Test data is provided in MATLAB nested structured format.  A generic example of a MATLAB nested structure is provided in Figure H3.1. The general syntax for accessing data in a particular field is:  StructName.NestedStructName.FieldName.
[image: ]

Figure H3.1: Generic Example of a MATLAB Nested Structure.

3.	Using CH1 as an example, Figure H3.2 provides a specific overview of the nested structure for a particular channel.

[image: ]

Figure H3.2:  A specific overview of the nested structure for a particular channel (CH1).

4.	Accessing commonly used values in the nested structure (example for CH1);

a.	CH 1 Name = 
(1)	CH1.function_record.name
b.	CH 1 Ordinate values =
(1)	CH1.y_values.values
c.	CH 1 Ordinate Unit =
(1)	CH1.y_values.quantity.label
d.	CH 1 Abcissa Uni =
(1)	CH1.x_values.quantity.label 

5.	So, the proper units for the signals are defined in the MATLAB structural variable under the handle: y_values.quantity.label.  

6.	Of the 97 channels presented for the runs, there are approximately 15 channels that are either dimensionless (transmission gear selected, DGPS Solution type, etc).  The rest are exported with the correct units in the y_values.quantity.label.  Figure H3.3 provides the y_values.quantity.label shown for each signal.


7.	Using the y_values.quantity.label will provide the correct units with a few exceptions that exported as “Not Applicable”.  

8.	Here is a listing of those channels and the correct units for each:

a. Signal_50         10000:XSI 1::VBOX3i_0x332::YawRate_IMU         deg/sec
b. Signal_52         10002:XSI 1::VBOX3i_0x331::PitchRate_IMU        deg/sec
c. Signal_54         10004:XSI 1::VBOX3i_0x330::RollRate_IMU          deg/sec
d. Signal_67         10017:XSI 1::VBOX3i_0x307::Yaw_Rate                deg/sec                
e. Signal_72         10022:XSI 1::VBOX3i_0x305::Distance                   m
f. Signal_78         10028:XSI 1::VBOX3i_0x303::Altitude                     m

9.	There are redundant sensing technologies used on the vehicle.  It is believed that there is value in offering both “legacy” analog measurements as well as newer GPS-based and IMU-compensated versions.  It is difficult to say whether one is better than the other or not.

10.	With regard to the specific locations, the driver’s seat base is used for evaluating the 2.5g shock response to half-round obstacles and the driver’s seat pad is used for evaluating 6W absorbed power.  Both of those are important.  Passenger seat base and pad were also recorded.

11.	There are interior scans of the vehicle and measurements to the sensors installed on the vehicle.  Specific locations for the sensors are provided in Section H3.8.

12.	The following Vbox channels for acceleration are reported relative to the ground plane and are independent of vehicle pitch and roll angles:
a. 10023:XSI 1::VBOX3i_0x304::Lateral_Acceleration_g
b. 10024:XSI 1::VBOX3i_0x304::Longitudinal_Acceleration_g
                
13.	All other accelerometer responses are uncorrected and reported in the frame of the sensors themselves (mounted to the vehicle), so when the vehicle pitches/rolls their sensing axes also rotate.


	MATLAB
Structure
	
function_Record.name
	
Signal Description
	
Units

	CH0
	Light Beam
	Optical Probe used for Triggering
	V  

	CH1
	Drawbar 
	Bridge Loadcell for Drawbar Pulls
	N

	CH2
	Pedal Force
	Bridge Loadcell on Brake Pedal
	N 

	CH3
	LF Travel
	Left Front Strut Length
	mm  

	CH4
	RF Travel
	Right Front Strut Length
	mm  

	CH5
	LR Travel
	Left Rear Strut Length
	mm  

	CH6
	RR Travel
	Right Rear Strut Length
	mm  

	CH7
	Drv Seat Base:+X
	Driver's Seat Base Acceleration- Longitudinal
	g  

	CH8
	Drv Seat Base:+Y
	Driver's Seat Base Acceleration- Lateral
	g  

	CH9
	Drv Seat Base:+Z
	Driver's Seat Base Acceleration- Vertical
	g  

	CH10
	Pass Seat Base:+X
	Passenger's Seat Base Acceleration- Longitudinal
	g  

	CH11
	Pass Seat Base:+Y
	Passenger's Seat Base Acceleration- Lateral
	g  

	CH12
	Pass Seat Base:+Z
	Passenger's Seat Base Acceleration- Vertical
	g  

	CH13
	LF Torque
	Left Front Halfshaft Torque
	Nm  

	CH14
	RF Torque
	Right Front Halfshaft Torque
	Nm  

	CH15
	LR Torque
	Left Rear Halfshaft Torque
	Nm  

	CH16
	RR Torque
	Right Rear Halfshaft Torque
	Nm  

	CH17
	Steering Wheel
	Steering Wheel Angle
	°  

	CH18
	Pitman Arm
	Pitman Arm Angle
	°  

	CH19
	LF Spindle:+Y
	Left Front Spindle Acceleration- Lateral
	g  

	CH20
	LF Spindle:+Z
	Left Front Spindle Acceleration- Vertical
	g  

	CH21
	LF Spindle:+X
	Left Front Spindle Acceleration- Longitudinal
	g  

	CH22
	RF Spindle:+Y
	Right Front Spindle Acceleration- Lateral
	g  

	CH23
	RF Spindle:+Z
	Right Front Spindle Acceleration- Vertical
	g  

	CH24
	RF Spindle:+X
	Right Front Spindle Acceleration- Longitudinal
	g  

	CH25
	LR Spindle:+Y
	Left Rear Spindle Acceleration- Lateral
	g  

	CH26
	LR Spindle:+Z
	Left Rear Spindle Acceleration- Vertical
	g  

	CH27
	LR Spindle:+X
	Left Rear Spindle Acceleration- Longitudinal
	g  

	CH28
	RR Spindle:+Y
	Right Rear Spindle Acceleration- Lateral
	g  

	CH29
	RR Spindle:+Z
	Right Rear Spindle Acceleration- Vertical
	g  

	CH30
	RR Spindle:+X
	Right Rear Spindle Acceleration- Longitudinal
	g  

	CH31
	Drv Seat Pad:+X
	Driver's Seat Pad Acceleration- Longitudinal
	g  

	CH32
	Drv Seat Pad:+Y
	Driver's Seat Pad Acceleration- Lateral
	g  

	CH33
	Drv Seat Pad:+Z
	Driver's Seat Pad Acceleration- Vertical
	g  

	CH34
	Pass Seat Pad:+X
	Passenger's Seat Pad Acceleration- Longitudinal
	g  

	CH35
	Pass Seat Pad:+Y
	Passenger's Seat Pad Acceleration- Lateral
	g  

	CH36
	Pass Seat Pad:+Z
	Passenger's Seat Pad Acceleration- Vertical
	g  

	CH37
	CG Long Accel:+X
	Longitudinal Acceleration at CG from MotionPak
	g  

	CH38
	CG Lat Accel:+Y
	Lateral Acceleration at CG from MotionPak
	g  

	CH39
	CG Vert Accel:+Z
	Vertical Acceleration at CG from MotionPak
	g  

	CH40
	CG Pitch Rate:+RY
	Pitch Rate at CG from MotionPak
	rpm   

	CH41
	CG Roll Rate:+RX
	Roll Rate at CG from MotionPak
	rpm   

	CH42
	CG Yaw Rate:+RZ
	Yaw Rate at CG from MotionPak
	rpm   

	CH43
	Virtual
	Math Channel used for Real-time display of Driver's Seat Base
	g  



Figure H3.3:  Channel Map (1 of 2).

	MATLAB
Structure
	
function_Record.name
	
Signal Description
	
Units

	CH44
	VBOX3i_0x332::YawRate_IMU
	Yaw Rate at CG from Vbox IMU
	NA

	CH45
	VBOX3i_0x332::Zaccel_IMU
	Vertical Acceleration at CG from Vbox IMU
	g  

	CH46
	VBOX3i_0x331::PitchRate_IMU
	Pitch Rate at CG from Vbox IMU
	NA

	CH47
	VBOX3i_0x331::Yaccel_IMU
	Lateral Acceleration at CG from Vbox IMU
	g  

	CH48
	VBOX3i_0x330::RollRate_IMU
	Roll Rate at CG from Vbox IMU
	NA

	CH49
	VBOX3i_0x330::Xaccel_IMU
	Longitudinal Acceleration at CG from Vbox IMU
	g  

	CH50
	VBOX3i_0x323::Pitch_Ang_IMU
	Pitch Angle at CG from Vbox IMU
	°  

	CH51
	VBOX3i_0x323::Roll_Ang_IMU
	Roll Angle at CG from Vbox IMU
	°  

	CH52
	VBOX3i_0x323::Heading_IMU
	Heading Angle at CG from Vbox IMU
	°  

	CH53
	VBOX3i_0x314::Slip_Angle_COG
	Vehicle Slip Angle at CG from Vbox IMU
	°  

	CH54
	VBOX3i_0x309::Position_Longitude_48bit
	GPS Longitude (High Res)
	s

	CH55
	VBOX3i_0x308::Solution_Type
	Measure of Vbox RTK Lock
	NA

	CH56
	VBOX3i_0x308::Position_Latitude_48bit
	GPS Latitude (High Res)
	s

	CH57
	VBOX3i_0x307::Longitudinal_Velocity
	Longitudinal Velocity
	km/h

	CH58
	VBOX3i_0x307::Lateral_Velocity
	Lateral Velocity
	km/h

	CH59
	VBOX3i_0x307::Roll_Angle
	Roll Angle from Vbox GPS
	°  

	CH60
	VBOX3i_0x307::Yaw_Rate
	Yaw Rate at CG from Vbox GPS
	NA

	CH61
	VBOX3i_0x306::Pitch_Angle
	Pitch Angle at CG from Vbox GPS
	°  

	CH62
	VBOX3i_0x306::Slip_Angle
	Vehicle Slip Angle at CG from Vbox GPS
	°  

	CH63
	VBOX3i_0x306::True_Heading
	Heading Angle at CG from Vbox GPS
	°  

	CH64
	VBOX3i_0x305::Distance
	Distance Travelled from Vbox
	NA

	CH65
	VBOX3i_0x304::Lateral_Acceleration
	Lateral Acceleration at CG from Vbox GPS
	g  

	CH66
	VBOX3i_0x304::Longitudinal_Acceleration
	Longitudinal Acceleration at CG from Vbox GPS
	g  

	CH67
	VBOX3i_0x303::Vertical_Velocity
	Vertical Velocity from Vbox
	km/h

	CH68
	VBOX3i_0x303::Altitude
	GPS Altitude
	NA

	CH69
	VBOX3i_0x302::Speed
	GPS Speed
	km/h

	CH70
	VBOX3i_0x302::Heading
	GPS Heading
	°  

	CH71
	VBOX3i_0x302::Position_Longitude
	GPS Longitude  
	s

	CH72
	VBOX3i_0x301::Position_Latitude
	GPS Latitude  
	s

	CH73
	VBOX3i_0x301::Time_Since_Midnight_UTC
	GPS Time
	s

	CH74
	VBOX3i_0x301::Satellites
	GPS # of Satellites
	NA

	CH75
	Aisin_308h::Engine_rpm
	Engine RPM from CAN bus
	rpm   

	CH76
	Aisin_210h::Throttle_Position
	Throttle Position (%) from CAN bus
	% 

	CH77
	Aisin_208h::Whl_Spd_Rear_Left
	Left Rear Wheel Speed from CAN bus
	rpm   

	CH78
	Aisin_208h::Whl_Spd_Rear_Right
	Right Rear Wheel Speed from CAN bus
	rpm   

	CH79
	Aisin_200h::Whl_Spd_Frnt_Right
	Right Front Wheel Speed from CAN bus
	rpm   

	CH80
	Aisin_200h::Whl_Spd_Frnt_Left
	Left Front Wheel Speed from CAN bus
	rpm   

	CH81
	ETC2::Trans_Current_Gear
	Transmission Current Gear from CAN bus
	NA

	CH82
	ETC2::Trans_Gear_Ratio
	Transmission Gear Ratio from CAN bus
	NA

	CH83
	ETC2::Trans_Selected_Gear
	Transmission Selected Gear from CAN bus
	NA

	CH84
	ETC1::TC_Lockup_Engaged
	Torque Converter Lockup Status from CAN bus
	NA

	CH85
	EEC1::Eng_ActTq
	Actual Engine Torque (%) from CAN bus
	% 

	CH86
	EEC2::Acc_PedPos
	Accelerator Pedal Position (%) from CAN bus
	% 



Figure H3.3:  Channel Map (2 of 2).


H3.2.2. Vehicle Mobility Test Data Set
11.	Data for eleven different types of vehicle tests is provided as shown below for a total of 43 runs as shown in Figure H3.4.
a. Longitudinal Acceleration 
(1) Two Runs – Up & Down Slight Grade
b. Braking
(1) Two Runs – 20 & 40 mph
c. Long Grade – 60%
(1) Two Runs – Forward Up and Reverse Up
d. Variable Sand Grade
(1) Two Runs – Forward Up and Reverse Up
e. Vertical Step
(1) Two Runs – 12” & 18” Both Forward
f. V-Ditch
(1) Two Runs – Forward & Reverse
g. Constant Cornering
(1) Four Runs – Clockwise & Counter Clockwise @ 13 & 27 mph
h. Double Lane Change - Paved & Gravel
(1) Five Runs – Two Speeds on Paved & Three Speeds on Packed Gravel
i. Half Rounds
(1) Eight Runs – 4”, 8”, 10” and 12” each at 2 Speeds
j. RMS 
(1) Eight Runs – Three Asymmetric & Five Symmetric
k. Drawbar
(1) Six Runs – Two Different Test Methods in Three Different Soils and Moisture Conditions


	Test
	New File List

	1
	CDT Consolidation Data Set\Acceleration Down.mat

	2
	CDT Consolidation Data Set\Acceleration_Up.mat

	3
	CDT Consolidation Data Set\Braking_20mph.mat

	4
	CDT Consolidation Data Set\Braking_40mph.mat

	5
	CDT Consolidation Data Set\Slope60_Fwd_Up.mat

	6
	CDT Consolidation Data Set\Slope60_Rev_Up.mat

	7
	CDT Consolidation Data Set\Sand_Grade_Fwd_Up.mat

	8
	CDT Consolidation Data Set\Sand_Grade_Rev_Up.mat

	9
	CDT Consolidation Data Set\Step12_Fwd.mat

	10
	CDT Consolidation Data Set\Step18_Fwd.mat

	11
	CDT Consolidation Data Set\Vditch_Fwd.mat

	12
	CDT Consolidation Data Set\Vditch_Rev.mat

	13
	CDT Consolidation Data Set\Constant_Cornering_CCW_13mph.mat

	14
	CDT Consolidation Data Set\Constant_Cornering_CCW_27mph.mat

	15
	CDT Consolidation Data Set\Constant_Cornering_CW_13mph.mat

	16
	CDT Consolidation Data Set\Constant_Cornering_CW_27mph.mat

	17
	CDT Consolidation Data Set\Lane_Change_Paved_20mph.mat

	18
	CDT Consolidation Data Set\Lane_Change_Paved_40mph.mat

	19
	CDT Consolidation Data Set\Lane_Change_Gravel_ 20mph.mat

	20
	CDT Consolidation Data Set\Lane_Change_Gravel_30mph.mat

	21
	CDT Consolidation Data Set\Lane_Change_Gravel_40mph.mat

	22
	CDT Consolidation Data Set\Half_Round_4in_20mph.mat

	23
	CDT Consolidation Data Set\Half_Round_4in_35mph.mat

	24
	CDT Consolidation Data Set\Half_Round_8in_13mph.mat

	25
	CDT Consolidation Data Set\Half_Round_8in_23mph.mat

	26
	CDT Consolidation Data Set\Half_Round_10in_11mph.mat

	27
	CDT Consolidation Data Set\Half_Round_10in_16mph.mat

	28
	CDT Consolidation Data Set\Half_Round_12in_11mph.mat

	29
	CDT Consolidation Data Set\Half_Round_12in_16mph.mat

	30
	CDT Consolidation Data Set\Asymmetric_RMS1_15_10mph.mat

	31
	CDT Consolidation Data Set\Asymmetric_RMS15_2_5mph.mat

	32
	CDT Consolidation Data Set\Asymmetric_RM15_2_11mph.mat

	33
	CDT Consolidation Data Set\Symmetric_RMS15_7mph.mat

	34
	CDT Consolidation Data Set\Symmetric_RMS15_12mph.mat

	35
	CDT Consolidation Data Set\Symmetric_RMS1_10mph.mat

	36
	CDT Consolidation Data Set\Symmetric_RMS2_10mph.mat

	37
	CDT Consolidation Data Set\Symmetric_RMS3_10mph.mat

	38
	CDT Consolidation Data Set\Drawbar_FGS Wet.mat

	39
	CDT Consolidation Data Set\Drawbar_FGS_Dry.mat

	40
	CDT Consolidation Data Set\Drawbar_CGS Dry.mat

	41
	CDT Consolidation Data Set\Drawbar_FGS_Dry_SS.mat

	42
	CDT Consolidation Data Set\Drawbar_CGS_Dry_SS.mat

	43
	CDT Consolidation Data Set\Drawbar_FGS_Wet_SS.mat



Figure H3.4:  Model Correlation Tests. 
H3.2.3. Vehicle Preparation and Instrumentation 
1.	Objective 
To provide information on the instrumentation used and how the vehicle was prepared for testing and data acquisition.

2.	Test Procedures and Data Required
All instrumentation items listed in Tables H3.2 and H3.3 were collected throughout all tests and subtests.   

	Table H3.2: Instrumentation of the FED-A.

	Measurement
	EU
	MFG
	Model
	Location/Description

	Vehicle Speed
	mph
	Racelogic
	VBox 3i RTK
	Doppler-based GPS speed sensor

	Pitch Angle
	deg
	Racelogic
	VBox 3i RTK
	Vehicle CG, IMU-compensated Dual Antenna GPS

	Roll Angle
	deg
	Racelogic
	VBox 3i RTK
	Vehicle CG, IMU-compensated Dual Antenna GPS

	Heading
	deg
	Racelogic
	VBox 3i RTK
	Vehicle CG, IMU-compensated Dual Antenna GPS

	GPS Lat/Long
	deg
	Racelogic
	VBox 3i RTK
	Vehicle CG, 2cm Accuracy with DGPS correction

	GPS Elevation
	ft
	Racelogic
	VBox 3i RTK
	Vehicle CG, 2cm Accuracy with DGPS correction

	Tri-axial – Spindle Acceleration
	g
	PCB
	T356A02
	LF, RF, LR, RR Wheel Locations

	Suspension Travel
	mm
	Firestone
	Intelliride Sensors
	LF, RF, LR, RR (Lower A-arms)

	Motion Pak accelerometers, x/y/z axes
	g
	Systron Donner
	MP-GDDDQVVV-100
	Vehicle CG

	Motion Pak rates, roll/pitch/yaw
	deg/s
	Systron Donner
	MP-GDDDQVVV-100
	Vehicle CG

	SeatPad Tri-axial Accelerometer
	g
	PCB
	356B41
	Driver and Passenger Seat
0.5 to 1000Hz, 100mV/g, Conforms to ISO 10326-1

	SeatTrack Tri-axial Accelerometer
	g
	PCB
	T356A15
	Driver and Passenger Seat
2 to 5000Hz, 100mV/g

	Steering-Wheel (Handle) Angle
	deg
	RLS Renishaw
	MR047B040A076B0
LM13IC10BCA10F00
	Radial Magnetic Encoder and Reader Head

	Pitman Arm Angle
	deg
	Koyo
	TRD-N5000-RZVWD
	5000 PPR Incremental (Quadrature) Encoder

	Wheel Torque 
	lb-ft
	Vishay
	Foil Strain Gages
	LF, RF, LR, RR Wheel Locations
Half-Shaft Telemetry Units

	Brake Pedal Force
	lb
	Futek
	FSH03184
	Low Profile Pedal Force Sensor, 300lb Range

	Drawbar Force
	lb
	Sensotec
	RI/6020-06
	Cable Pull Tension Loadcell

	LEGEND:
	EU – Engineering Unit
deg – degrees 
g – acceleration due to gravity 
GPS – Global Positioning Unit 
mm - millimeters
	MFG – Manufacturer 
mph – miles per hour 
NA – Not applicable 
s – seconds 
ft – feet
lb – pound



	
Table H3.3: Vehicle Network Monitoring.


	Source
	Parameter
	Description
	EU
	Bus Hz

	J1939
	Acc_PedPos
	Accelerator Pedal Position
	%
	20

	J1939
	Eng_Spd
	Engine Speed
	rpm
	50

	J1939
	Eng_ActTq
	Engine Torque
	%
	50

	J1939
	Trans_Output_Speed
	Transmission Output Speed
	rpm
	100

	J1939
	Trans_Current_Gear
	Transmission Gear Range Attained
	/
	10

	J1939
	TC_Lockup_Engaged
	Torque Converter Lock/Unlock
	/
	100

	J1939
	Trans_Gear_Ratio
	Transmission Actual Gear Ratio
	/
	10

	Aisin
	Whl_Spd_Rear_Left
	Wheel Speed- Rear L
	rpm
	50

	Aisin
	Whl_Spd_Rear_Right
	Wheel Speed- Rear R
	rpm
	50

	Aisin
	Whl_Spd_Frnt_Left
	Wheel Speed- Front L
	rpm
	50

	Aisin
	Whl_Spd_Frnt_Right
	Wheel Speed- Front R
	rpm
	50



3.	The data is labeled by the reference axes defined in ISO 8855:2011 (Road vehicles –Vehicle dynamics and road-holding ability), per Figure H3.5 and H3.6.
a. X (Long) - Positive Forward Travel
b. Y (Lat) - Positive Passenger to Driver
c. Z (Vert) - Positive Up
[image: Vehicle Axis System ISO 8855-2011). | Download Scientific Diagram]
Figure H3.5:  Test Data Coordinate System.

[image: ]
Figure H3.6:  Test Data Coordinate System Shown on FED-A. 

H3.2.4. Physical Characteristics
1.	Objectives
To provide information regarding the test asset configuration with payload/ballast to obtain the required Vehicle Test Weight (VTW) of approximately 12,100 lb (5,488 kg) including occupants, instrumentation and data acquisition hardware.

2.	To provide the weight distribution, Center of Gravity (CG), and basic physical dimensions and characteristics of the test item.  Applicable portions of the following documents were used as general guides for the conduct of this test:
a. TOP 2-2-800, Wheeled Vehicle CG 
b. TOP 2-2-801, Weight Distribution and Ground Pressure (Wheeled & Tracked Vehicles) 
c. TOP 2-2-802, Stowage
d. TOP 2-2-500, Vehicle Characteristics 

3.	The basic physical dimensions of the host vehicle with the respective capability installed is provided in Figure H3.7.

[image: ]

Figure H3.7: Basic Physical Dimensions.

4.	The weight distribution of each test configuration was provided by sequential wheel weighing on a calibrated scale (accuracy of ±50 pounds).  The test item weight distribution and total weight at VTW is provided in Figure H3.8.
5.	The CG is provided at VTW in two orthogonal planes.  The weight method used to provide the CG in the lateral and longitudinal planes IAW TOP 2-2-800.  Height of the vehicle from a flat and level surface while at rest was recorded at four corner locations that are easily referenced (Figure H3.9).














	
	VIPER (lbs)
	As Delivered (lbs)
	As Prepped (lbs)

	Total Weight
	11,370
	11,685
	12,085

	Front Axle
	5,973
	6,075
	6,260

	Rear Axle
	5,397
	5,610
	5,825

	Front (Driver's Left)
	2,983
	2,920
	3,125

	Front (Driver's Right)
	2,990
	3,155
	3,135

	Rear (Driver's Left)
	2,730
	2,900
	2,965

	Rear (Driver's Right)
	2,667
	2,720
	2,860

	Driver's Right
	5,657
	5,875
	5,995

	Driver's Left
	5,713
	5,820
	6,090

	
	
	
	

	
	VIPER (in)
	As Delivered (in)
	As Prepped (in)

	Axle to Axle
	130.00
	130.00
	130

	Outside to Outside
	90.10
	90.10
	90.1

	Long. CG (from FA)
	61.79
	67.59
	62.66

	Lat. CG (From CL, Driver Neg.)
	-0.19
	0.17
	-0.35

	Vert. CG
	38.18
	NA
	39.4

	
	
	
	

	Note: VIPER 
	No Occupants, 5/8 Full Fuel Tank, High Ride Height

	Note: As Delivered
	No Occupants, Full Fuel Tank
	

	Note: As Prepped
	200 lb Occupants in Driver and Passenger Seat, Full Tank, Instrumentation Installed, High Ride Height



Figure H3.8: Test Asset Weight Distribution and CG Measurements @ High Ride Height.















	
	
	Wheel Hub Centers
	Hand Measured
Tire Pressure
	Vehicle Set
Tire Pressure

	
	
	
	
	
	35 psi
	60 psi

	
	
	
	
	Driver (Left) Front
	18.1
	18.5

	
	
	
	
	Passenger (Right) Front
	18.2
	18.2

	
	
	
	
	Driver (Left) Rear
	18.3
	18.6

	
	
	
	
	Passenger (Right) Rear
	18.3
	18.8

	
	
	Tow Points
	
	
	

	
	
	
	
	
	35 psi
	60 psi

	
	
	
	
	Driver (Left) Front
	24.4
	24.9

	
	
	
	
	Passenger (Right) Front
	24.4
	25.2

	
	
	
	
	Driver (Left) Rear
	42.8
	43.2

	
	
	
	
	Passenger (Right) Rear
	42.9
	43.4



Figure H3.9: Tire Squat Dimensions @ High Ride Height (Vertical distances in inches from point on ground under each measurement point).

H3.3. AUTOMOTIVE PERFORMANCE TESTS CONDUCTED

H3.3.1. Acceleration
1.	Objective  
To provide acceleration characteristics of the test item on a paved surface.

2.	Test Procedures and Data Required
Applicable portions of TOP 2-2-602, Acceleration; Maximum and Minimum Speeds was used as a general guide for the conduct of this test.

3.	Tire pressure was 60 psi with differentials unlocked; the gear box was set in high range.  From a resting (stopped) condition, the test vehicle operator applied 100% throttle to accelerate the system until a speed of 70 mph (113 kph) was reached.  Two runs are provided in each direction of the course to obtain an average and to negate the effects of any slight grades on the course. Figures H3.10 and H3.11 provide characteristic information (Pedal Position, Transmission Gear, Engine Torque and RPM, Vehicle Speed and Acceleration) for the test runs provided.  For details regarding the instrumentation used to collect the data provided, please refer to Section H3.8.

[image: ]
Figure H3.10: Data Traces for Test 1 - Paved Acceleration Down.
[image: ]
[bookmark: _Toc507792364]Figure H3.11: Data Traces for Test 2 - Paved Acceleration Up.

H3.3.2. Braking
1.	Objective
To provide braking characteristics of the test item during maximum effort braking

2.	Test Procedures and Data Required
Applicable portions of the following documents were used as general guides for the conduct of this test:
a. TOP 2-2-608, Braking, Wheeled Vehicles 
b. SAE J299, Stopping Distance Test Procedure 

3.	Prior to testing, all tires were inflated to 60 psi tire pressure.  Braking operations were performed at various speeds. From a steady state condition, the test vehicle operator applied 100% brake pedal to decelerate the system until a complete stop was attained.  Two runs are provided in each direction of the course to obtain an average and to negate the effects of any slight grades on the course. Figures H3.12 and H3.13 provide characteristic information (Pedal Position, Steering Wheel Angle, Vehicle Speed, Distance Traveled, Pitch Rate and Yaw Rate) for the test runs provided.  For details regarding the instrumentation used to collect the data provided please refer to Section H3.8.



[image: ]
Figure H3.12: Data Traces for Test 3 - Braking 20 mph.

[image: ]
		Figure H3.13: Data Traces for Test 4 - Braking Test 40 mph.

H3.3.3. Gradeability
1.	Objective
To provide the operating characteristics of the test item while negotiating longitudinal grades and side slopes
2.	Test Procedures and Data Provided
The test item conducted slope operations IAW TOP 2-2-610, Gradeability and Side Slope Performance.  
3.	The tire pressure was adjusted to 60 psi for paved portions of this subtest and 35 psi for the unpaved portions.  The vehicle’s differentials were set to the locked setting and the gear box was set in low range. All gradeability testing was performed with fuel tank and lubricating oils at their respective full levels. 
4.	Two Longitudinal Grade test runs are provided; a 60-percent paved (2 Runs - Fwd Up & Rev Up) and a Variable Sand Grade up to 30% (2 Runs – Fwd Up & Rev Up)
5.	The following procedures were used to assess the longitudinal grade characteristics of the test item.  Prior to negotiating the course, the vehicle was positioned on level ground and all gauges were monitored to provide a base line condition. 
a. The test item was maneuvered onto a 60-percent paved longitudinal grade (Shown in Figure H3.14) in the forward direction. Once the vehicle was completely on the grade, the service brakes were applied and the transmission was shifted into neutral for 2 minutes.  The parking brake was then applied and the service brakes were slowly released and the engine was shut down for a period of 2 minutes.  At the conclusion of the 2-minute stationary test, the engine was restarted and the test item was operated approximately 8 to 10 feet up the slope. The test items were visually inspected for any fluid leakage throughout longitudinal grade operations. Testing was repeated with the test item backing up the longitudinal grade.

b. The test item was evaluated on a variable-slope (0 to 30%) longitudinal sand grade (Shown in Figure H3.15) by making a running approach to the designated grade at a pre-provided speed of 5 mph. Once on the grade, throttle was applied and held to maintain a constant 5 mph speed until the vehicle ascended the grade or the tractive limit was reached.  Testing was repeated with the test item backing up the longitudinal grade.
6.	Figures H3.14 through H3.17 provide characteristic information (Vehicle Speed, Steering Wheel Angle, Engine Torque, Engine RPM, Spindle Acceleration, and Suspension Travel at each of the four wheel locations (Left Front (LF), Right Front (RF), Left Rear (LR), and Right Rear (RR)), Longitudinal & Lateral Acceleration and Pitch Rate of the Vehicle for the four test runs provided.  For details regarding the instrumentation used to collect the data provided please refer to Section H3.8.
[image: ]
Figure H3.14:  60 Percent Paved Longitudinal Grade.
[image: C:\Users\sabradle\Documents\Military\Mobility\NATO NG NRMM\Testing\Test Photos\FED A\IMG_20180601_122544443.jpg]
Figure H3.15:  Variable (0-30) Percent Sand Longitudinal Grade.
[image: ]
Figure H3.16: Data Traces for Test 5 - 60 Percent Longitudinal Paved Grade – Forward Up.
[image: ]
Figure H3.17:  Data Traces for Test 6 - 60 Percent Longitudinal Paved Grade – Reverse Up.
[image: ]
Figure H3.18:  Data Traces for Test 7 - Variable Up to 30 Percent Longitudinal Sand Grade – Forward Up.
[image: ]
Figure H3.19:  Data Traces for Test 8 - Variable Up to 30 Percent Longitudinal Sand Grade – Reverse Up.

H3.4. 	OBSTACLES: TESTS CONDUCTED

H3.4.1. Vertical Steps
1.	Objective 
To provide the operating characteristics of the test item while negotiating vertical obstacles

2.	Test Procedures and Data Provided
Vertical step testing was conducted IAW TOP 2-2-611, Standard Obstacles.  Data for two vertical step runs are provided (12” and 18” as shown in Figure H3.20).  Both test runs provided were conducted in the forward direction.

3.	The tire pressure was adjusted to 35 psi and are re-inspected prior to the start of the test.  The vehicle’s differentials used the unlocked setting and the gear box was set in low range.

4.	The wheels of the test item were sequentially placed in contact with the vertical wall and sufficient power was applied to climb the obstacles. Any contact made by the test item (other than the wheels) with the wall or the ground was noted. The application of any steering during the climbing attempts was kept to a minimum

5.	Figures H3.21 through H3.22 provide characteristic information (Vehicle Speed, Steering Wheel Angle, Engine Torque, Engine RPM, Spindle Acceleration, and Suspension Travel at each of the four wheel locations (Left Front (LF), Right Front (RF), Left Rear (LR), and Right Rear (RR)), Longitudinal & Lateral Acceleration and Pitch Rate of the Vehicle for the two test runs provided.  For details regarding the instrumentation used to collect the data provided please refer to Section H3.8.
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Figure H3.20:  Vertical Step Course (6”, 12”, 18” & 24”).
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Figure H3.21:  Data Traces for Test 9 - 12” Vertical Step Negotiation Forward.
[image: ]
Figure H3.22:  Data Traces for Test 10 - 18” Vertical Step Negotiation Forward.
[bookmark: _Toc507792373]

H3.4.2.	 V-Ditch
1.	Objective
To provide the operating characteristics of the test item while negotiating V-ditch obstacles.

2.	Test Procedures and Data Provided
The test item conducted V-ditch operations IAW TOP 2-2-611, Standard Obstacles.  Two V-ditch test runs are provided, forward and reverse at an approach angle of 90 degrees to the center line of the course.

3.	The tire pressure was adjusted to 35 psi and was re-inspected prior to the start of the test.  The vehicle’s differentials used the unlocked setting and the gear box was set in high range.

4.	The test item negotiated through the 35% V-ditch with a 25.5-foot span as shown in Figure H3.23.  V-ditch negotiation was conducted by initially placing the tires in contact with the obstacle and applying sufficient power to try to overcome the obstacle. The test item was operated slowly into and through the V-ditch obstacle while observing for any contact or interference. Any contact made by the test items (other than the tires) with the V-ditch or the ground was noted.

5.	Figures H3.24 through H3.25 provide characteristic information (Vehicle Speed, Steering Wheel Angle, Engine Torque, Engine RPM, Spindle Acceleration, and Suspension Travel at each of the four wheel locations (Left Front (LF), Right Front (RF), Left Rear (LR), and Right Rear (RR)), Longitudinal & Lateral Acceleration and Pitch Rate of the Vehicle for the two test runs provided.  For details regarding the instrumentation that collected the data provided please refer to Section H3.8.
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Figure H3.23: V-ditch.
[image: ]
Figure H3.24:  Data Traces for Test 11 - V-Ditch Negotiation Forward.
[image: ]
Figure H3.25:  Data Traces for Test 12 - V-Ditch Negotiation Reverse.

H3.5.	VEHICLE HANDLING DYNAMICS TESTS

H3.5.1. Constant Radius Cornering
1.	Objective  
To provide handling characteristics for the test item during a steady state cornering test

2.	Test Procedures and Data Provided
Applicable portions of the following documents were used as general guides for the conduct of this test:
a. TOP 2-2-609, Steering 
b. SAE J2181, Steady State Circular Test Procedures for Trucks and Buses

3.	The tire pressures were set to 60 psi, and the vehicle’s differentials were set to the unlocked setting and the gear box was set in high range.  Results for tests are provided for both a right (CW) and left (CCW) steer direction at road speeds of 13 and 27 mph.

4.	The maximum angles of steer achieved by the front wheels and the number of degrees the steering wheel rotates from stop to stop was provided using steering plates.  A steer ratio was calculated from the measurements as described in TOP 2-2-609.  The wheel base of the vehicle was measured.

5.	The test item was operated at a constant road speed around an asphalt circular test course having a diameter of 60 metres (197 feet).  

6.	Figures H3.26 through H3.29 provide characteristic information (Vehicle Speed, Steering Wheel Angle, Engine Torque, Engine RPM, Spindle Acceleration, and Suspension Travel at each of the four wheel locations (Left Front (LF), Right Front (RF), Left Rear (LR), and Right Rear (RR)), Lateral Acceleration and Pitch Rate of the Vehicle for the four test runs provided.  For details regarding the instrumentation used to collect the data provided, please refer to Section H3.8.
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Figure H3.26: Data Traces for Test 13 - Constant Cornering Test (CCW @ 13 mph).
[image: ]
Figure H3.27: Data Traces for Test 14 - Constant Cornering Test (CCW @ 27 mph).
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Figure H3.28: Data Traces for Test 15 - Constant Cornering Test (CW @ 13 mph).
[image: ]
Figure H3.29: Data Traces for Test 16 - Constant Cornering Test (CW @ 27 mph).


H3.5.2. NATO Lane Change
1.	Objective
To provide the dynamic stability characteristic data for the test item while negotiating an emergency lane change maneuvering on both paved and off-road surfaces
 
2.	Test Procedures and Data Required
Applicable portions of the following documents were used as general guides for the conduct of this test:
a. AVTP 03-160W, Dynamic Stability 
b. TOP 2-2-609 Steering 

3.	Tire pressures were adjusted to 60 psi and were inspected and adjusted prior to the start of lane change maneuvering.  Lane change testing was performed on a dry paved and improved gravel courses with the test item at VTW. The vehicle’s differentials were in the un-locked setting and the gear box was set to high range for lane change tests.  

4.	The test item negotiated a double lane change course on a level paved and gravel surface as described in the NATO AVTP 03-160W (see Figure H3.30).  Five test runs are provided.

5.	Tests were conducted through the test course at set speeds negotiating the course without the vehicle operator losing control or making contact with the cones.  During each lane change maneuver, the vehicle operator attempted to maintain a constant road speed while applying the smoothest steering inputs necessary to simulate an emergency lane change maneuver.  A total of five tests runs are provided; two conducted on a paved surface at 20 & 40 mph and three conducted on packed gravel at 20, 30, & 40 mph. 

6.	Figures H3.31 through H3.35 provide characteristic information for a left turn first test (Throttle Position, Vehicle Speed, Steering Wheel Angle, Roll Angle, Lateral Acceleration and Pitch Rate of the Vehicle for the five test runs provided.  For details regarding the instrumentation used to collect the data provided, please refer to Section H3.8.
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Figure H3.30: Lane Change Course Layout.
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Figure H3.31: Data Traces for Test 17 - Paved Double Lane Change Test - 20 mph.
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Figure H3.32: Data Traces for Test 18 - Paved Double Lane Change Test - 40 mph.
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Figure H3.33: Data Traces for Test 19 - Gravel Double Lane Change Test - 20 mph.
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Figure H3.34: Data Traces for Test 20 - Gravel Double Lane Change Test - 30 mph.
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Figure H3.35: Data Traces for Test 21 - Gravel Double Lane Change Test - 40 mph.

H3.6.	VEHICLE DYNAMIC RESPONSE TESTS

H3.6.1. Half Rounds
1.	Objective  
To provide the operating characteristics of the test item while negotiating half-rounds and provide the speed of the vehicle that generates 2.5 g peak acceleration at the driver’s seat.

2.	Test Procedures and Data Required
The test item conducted half round testing IAW TOP 1-1-014, Ride Dynamics.

3.	The tire pressure was adjusted to 35 psi and was re-inspected prior to the start of the test.  The vehicle’s differentials were set to the unlocked setting and the gear box was set in high range.

4.	The test item negotiated the half-round obstacle at a constant speed for a sufficient period of time prior to the shock event.  The half-round obstacles were traversed with wheel paths crossing the obstacle simultaneously.  Data is provided for a total of eight half round test runs (4 in, 8 in, 10 in, and 12 at two different speeds).  Speeds to the half round runs provide are as follows.
a. 4” Half Round – 20 & 35 mph
b. 8” Half Round – 13 & 23 mph
c. 10” Half Round – 11 & 17 mph
d. 12” Half Round – 11 & 16 mph  

5.	Figures H3.36 through H3.43 provide characteristic information (Vehicle Speed, Steering Wheel Angle, Spindle Acceleration, and Suspension Travel at each of the four wheel locations (Left Front (LF), Right Front (RF), Left Rear (LR), and Right Rear (RR)), Roll Angle & Yaw Rate of the vehicle, and Driver & Passenger seat base Vertical Acceleration for the eight test runs provided.  For details regarding the instrumentation used to collect the data provided, please refer to Section H3.8.
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Figure H3.36: Data Traces for Test 22 - Half Round Test (4” Half Round @ 20 mph).
[image: ]
Figure H3.27: Data Traces for Test 23 - Half Round Test (4” Half Round @ 35 mph).
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Figure H3.38: Data Traces for Test 24 - Half Round Test (8” Half Round @ 13 mph).
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Figure H3.39: Data Traces for Test 25 - Half Round Test (8” Half Round @ 23 mph).
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Figure H3.40: Data Traces for Test 26 - Half Round Test (10” Half Round @ 11 mph).

[image: ]
Figure H3.41: Data Traces for Test 27 - Half Round Test (10” Half Round @ 17 mph).
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Figure H3.42: Data Traces for Test 28 - Half Round Test (12” Half Round @ 11 mph).
[image: ]
Figure H3.43: Data Traces for Test 29 - Half Round Test (12” Half Round @ 16 mph).

H3.6.2.	 RMS Courses
1.	Objective  
To provide the operating characteristics of the test item while negotiating RMS courses and provide the speeds of the vehicle that generate 6W absorbed power at the driver’s seat.

2.	Test Procedures and Data Provided
The test item conducted RMS testing IAW TOP 1-1-014, Ride Dynamics.

3.	The tire pressure was adjusted to 35 psi and was re-inspected prior to the start of the test.  The vehicle’s differentials were set to the unlocked setting and the gear box.
4.	The test item negotiated each RMS courses in a straight line at a constant speed for a period of at least 1 minute.  Testing will be conducted on a total of seven courses (5 symmetric and 2 asymmetric).  Data is provided for a total of eight RMS test runs (Three Asymmetric & Five Symmetric).  Speeds for the RMS runs provided follow.
a. Asymmetric Course (1) – 10 mph
b. Asymmetric Course (2) – 5 & 11 mph
c. Symmetric Course (1.5) – 7 & 12 mph
d. Symmetric Course (1) – 10 mph
e. Symmetric Course (2) – 10 mph
f. Symmetric Course (3) – 10 mph

5.	Figures H3.44 through H3.51 provide characteristic information (Vehicle Speed, Steering Wheel Angle, Spindle Acceleration, and Suspension Travel at each of the four wheel locations (Left Front (LF), Right Front (RF), Left Rear (LR), and Right Rear (RR)), Roll Angle & Yaw Rate of the vehicle, and Driver & Passenger seat base Vertical Acceleration for the eight test runs provided.  For details regarding the instrumentation used to collect the data provided, please refer to Section H3.8.
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Figure H3.44: Data Traces for Test 30  - Asymmetric RMS Course (1) – 10 mph.
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Figure H3.45: Data Traces for Test 31 - Asymmetric RMS Course (2) – 5 mph.
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Figure H3.46: Data Traces for Test 32 - Asymmetric RMS Course (2) – 11 mph.
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Figure H3.47: Data Traces for Test 33 - Symmetric RMS Course (1.5) – 7 mph.
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Figure H3.48: Data Traces for Test 34 - Symmetric RMS Course (1.5) – 12 mph.
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Figure H3.49: Data Traces for Test 35 - Symmetric RMS Course (1) – 10 mph.
[image: ]
Figure H3.50: Data Traces for Test 36 - Symmetric RMS Course (2) – 10 mph.
[image: ]
Figure H3.51: Data Traces for Test 37 - Symmetric RMS Course (3) – 10 mph.


H3.7. TRAFFICABILITY TESTS

H3.7.1.	 Drawbar Pulls
1.	Objective  
To provide the maximum tractive effort of the test item and response of the system on both coarse-grained sand and fine-grained soil surfaces

2.	Test Procedures and Data Provided
Applicable portions of the following documents were used as general guides for the conduct of this test:  ITOP 2-2-604, 4.3 Drawbar Pull in Soft Soil.

3.	The tire pressure was adjusted to 35 psi and was re-inspected prior to the start of the test.  The rolling distance of one wheel revolution (no slip) was recorded at this tire pressure.  The vehicle’s differentials were set to the locked setting for all drawbar pulls and the gear box was set in low range.

4.	The tests are conducted at full throttle.   A restraint vehicle was used to apply the drawbar load to the test article. The test item negotiated each RMS course in a straight line at a constant speed for a period of at least one minute.  Test data is provided for both coarse-grained sand and fine-grained soil surfaces. Prior to the start of testing, a surface conditioning procedure was used to maintain a consistent surface during testing.  These procedures were utilized throughout draw bar testing as needed to insure a consistent surface.  Fine grain soil surfaces are provided under two moisture conditions, normally dry and wet. 

5.	Data is provided for a total of six drawbar test runs (Two Types of Drawbar Tests for Three soil conditions - fine grain wet, fine grain dry and coarse grain dry). 

6.	Figures H3.52 through H3.57 provide characteristic information (Vehicle Speed, Fore/Aft Accelerations, Wheel Speed and Axle Torque at each of the four wheel locations (Left Front (LF), Right Front (RF), Left Rear (LR), and Right Rear (RR)), Pitch Rate of the vehicle, and Drawbar Load for the five test runs provided.  For details regarding the instrumentation used to collect the data provided, please refer to Section H3.8.
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Figure H3.52: Data Traces for Test 38 – Pull to Stop Drawbar Pull Test – FG Soil Wet.
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Figure H3.53: Data Traces for Test 39 – Pull to Stop Drawbar Pull Test – FG Soil Dry.
[image: ]
Figure H3.54: Data Traces for Test 40 – Pull to Stop Drawbar Pull Test – CG Soil Dry.
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Figure H3.55: Data Traces for Test 41 – Steady State Drawbar Pull Test – FG Soil Dry.
[image: ]
Figure H3.56: Data Traces for Test 42 - Steady State Drawbar Pull Test – CG Soil Dry.
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Figure H3.57: Data Traces for Test 43 - Steady State Drawbar Pull Test – FG Soil Wet.


H3.8. INSTRUMENTATION DETAILS
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H5	ACRONYMS

	Acronym
	Meaning

	ARB
	Anti-roll bar

	AVT
	NATO Applied Vehicle Technology

	AVTP
	NATO Allied Vehicle Testing Publication

	BW
	Bekker-Wong

	CAE
	Computer-Aided Engineering

	CDT
	Cooperative Demonstration of Technology

	CPG
	Churchill Proving Grounds

	CG
	Center of Gravity

	FED-A
	Fuel Efficient Ground Vehicle Demonstrator-Alpha

	GVSC
	Ground vehicle Systems Center

	GVW
	Gross Vehicle Weight
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	Keweenaw Research Center

	LCA
	Lower Control Arm

	MOI
	Moment of Inertia

	MTU
	Michigan Technological University

	NG-NRMM
	Next-Generation NATO Reference Mobility Model 

	SAE
	Society of Engineers

	SI
	International System of Units

	TOP
	Test Operating Procedure

	UCA
	Upper Control Arm

	V&V
	Verification and Validation

	VIPER
	Vehicle Inertial Properties Evaluation Rig

	VTW
	Vehicle Test Weight
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Vehicle Network (CAN-bus)

Vehicle Network Monitoring

Source

Parameter Description EU Bus Hz
11939 Acc_PedPos Accelerator Pedal Position % 20
11939 Eng_Spd Engine Speed rpm 50
11939 Eng_ActTq Engine Torque % 50
11939 Trans_Output_Speed Transmission Output Speed rpm 100
11939 Trans_Current_Gear | Transmission Gear Range Attained / 10
11939 TC_lockup_Engaged | Torque Converter Lock/Unlock / 100
J1939 Trans_Gear_Ratio Transmission Actual Gear Ratio / 10
Aisin WhI_Spd_Rear_Left Wheel Speed- Rear L rpm 50
Aisin WhI_Spd_Rear_Right Wheel Speed- Rear R rpm 50
Aisin WhI_Spd_Frnt_Left Wheel Speed- Front L rpm 50
Aisin Whi_Spd_Frnt_Right Wheel Speed- Front R rpm 50
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IMU / DC Accelerometer near COG

Systron Donner, Inc.
BEI MotionPak Multi-Axis Sensor

Model- 160260-138
S/N-198

http://www.systron.com/multi-axis-
sensors/motionpak-multi-axis-inertial-

sensing-system-non-itar

+/- 5g Acceleration Range
+/- 100 deg/sec Angular Rate Range

Sensor Location X(in) | Y(in) | z(in)
MotionPak 637 | 03 44.8

Dimensions defined at high ride-height and per Test Coordinate System
X~ Longitudinal Pos. FWD, Y~ Lateral Pos Pas. to Driver, Z— Vertical Pos. Up
Origin On Ground, Centered Cross Car, Beneath Front Tire Centers
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Seat Pad Accelerations

PCB Piezotronics
Triaxial ICP Seat Pad Accelerometers (2):

Driver’s Seat-
Model- 356B41
S/N-241197

Passenger’s Seat-
Model- 356B40
S/N-58168

http://www.pcb.com/Products.aspx?m=356B41

100 mV/g Sensitivity
+/- 10 g pk Amplitude Range
0.5 to 1000 Hz Frequency Range (+/-5%)
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Seat Base Accelerations

PCB Piezotronics
Triaxial ICP Accelerometers (2):

Model- T356A15

S/N-
33813 (Driver’s Seat)
33814 (Passenger’s Seat)

http://www.pcb.com/products.aspx?m=356a15

100 mV/g Sensitivity
+/- 50 g pk Amplitude Range
2to 5000 Hz Frequency Range (+/-5%)

Rubberized floor liner material removed;
Accelerometer mounted directly to metallic floor surface

Sensor Location X(in) | Y(n) | z(n)
Driver’s Seat Base 583 19.5 24.0
Passenger's Seat Base -59.2 -19.5 24.0

Dimensions defined at high ride-height and per Test Coordinate System
X~ Longitudinal Pos. FWD, Y~ Lateral Pos Pas. to Driver, Z— Vertical Pos. Up
Origin On Ground, Centered Cross Car, Beneath Front Tire Centers
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Spindle Accelerations

PCB Piezotronics
Triaxial ICP Accelerometers (4):

Model- T356A02
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32575 (LF)
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Drawbar Force Loadcell

PCB Piezotronics 20,0001bf / 89 kN Capacity
Rod-End Load Cell 50% static overload protection
Non-Linearity <0.25% FS
Model- 1381-04A Hysteresis <0.15 % FS
S/N-630 Non-Repeatability <0.05 %RO

http://www.pcb.com/Products.aspx?m=1381-04A

Spherical rod-ends and clevises used on both ends to ensure pure tensile
load during drawbar pulls

A standard military drawbar was connected to the towing lugs on the rear of
the FED-A, in conjunction with the loadcell, for application of drawbar loads.
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Vehicle Dynamics Measurement

Racelogic
VBOX 3i Dual Antenna, RTK w/IMU integration

Model- VB3i-V4 SLRTK
S/N-059625

https://www.vboxautomotive.co.uk/index.php/en
products/data-loggers/vbox-3i-dual-antenna

Velocity Absolute Positioning

« Accuracy: 0.1 km/h « Accuracy with RTK DGPS: 2 cm*

« Update rate: 100 Hz « Update rate: 100 Hz

« Resolution: 0.01 km/h « Resolution: 1.8 mm
*959% CEP

Distance Acceleration

« Accuracy: 0.05% (<50cm/km)  * Accuracy: 0.50%

« Update rate: 100 Hz « Update rate: 100 Hz

« Resolution: 1cm « Resolution:0.01g

Heading Pitch/Roll Angle

* Accuracy: 0.1 deg « <0.07 deg rms

« Resolution: 0.01 deg (@ 1.2m antenna spacing)





