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SECTION 1.  INTRODUCTION

1.1  SYSTEM DESCRIPTION

The Mine Resistant Ambush Protected (MRAP) Vehicle Auxiliary Power Unit (APU) and Winch System is intended to provide electrical power and self recovery capabilities for the Force Protection Industries Buffalo Category III vehicle.  The APU/Winch System will provide 12 kilowatts (kW) threshold / 15 kW objective of regulated electrical power at 28 volts direct current (VDC) to support all onboard Government Furnished Equipment, hotel loads, and provide self recovery capability up to 42,500 lbs in order to greatly enhance the Buffalo self recovery platform.
1.2  SUMMARY

A.  The test will be conducted at TBD on APU/Winch Systems from multiple different vendors, scheduled to start TBD.  The purpose of the test is to verify conformance of each vendors’ APU/Winch System to the performance requirements.  The resulting information will be used to assist the decision making process on selecting a APU/Winch System vendor.  To the maximum extent possible, all APU/Winch Systems will be tested under identical conditions.
B.  The MRAP APU/Winch System Test will consist of two phases.  Phase I will be performed on the APU/Winch System prior to vehicle installation.  It will consist of the following subtests:

(1) Initial Inspection

(2) Physical Characteristics
(3) Technical Performance (includes extreme temperature and high altitude)
(4) Blowing Sand and Dust
(5) Blowing Rain
(6) Blowing Sand, Dust and Rain
(7) Water Intrusion (optional)
(8) Slope (optional)
Based on Phase I test results, one APU/Winch System will be selected and will be subjected to Phase II testing.  Phase II testing will be conducted with the APU/Winch System integrated on an MRAP Category III Buffalo.  Phase II testing consists of the following subtests:

(1) Vehicle Integration

(2) Technical Performance

(3) Maintenance Requirements

(4) Limited Endurance
(5) Vibration

(6) Noise
(7) Fording
(8) System Safety
(9) E3 Analysis (optional)
(10) Survivability Analysis (optional)

(11) Center of Gravity (optional)

(12) Lane Change (optional)

(13) Ride and Handling (optional)
(14) Shock Loading (optional)
(15) Fleet Angle/Rope Hold Down (optional)
(16) Final Inspection

Two quick-look test reports will be written, one at the conclusion of Phase I testing and one at the conclusion of Phase II testing.  A final detailed test report will be written after all testing is completed.
C. A summary of the test objectives is presented in Table 1.2-1.
Table 1.2-1. Test Objectives

	Subtest
	Objective

	Phase I
	Initial Inspection (para 2.1.1)
	If the APU/Winch System is adequately equipped for testing.

	
	Physical Characteristics (para 2.1.2)
	Determine the weight, dimensions, and center of gravity (CG) of the APU/Winch System.

	
	Technical Performance (para 2.1.3)
	If the APU subsystem can produce a constant 12 kW at 28 VDC and produce the hydraulic flow and pressure required for the winch.

	
	Blowing Sand and Dust (para 2.1.4)
	If the APU/Winch System can withstand the effects of a blowing sand and/or dust environment.

	
	Blowing Rain (para 2.1.5)
	If the APU/Winch System can withstand the effects of a blowing rain environment.

	
	Blowing Sand, Dust and Rain (para 2.1.6)
	If the APU/Winch System can withstand the effects of a blowing sand, dust and rain environment.

	
	Water Intrusion (para 2.1.7)
	If the Winch subsystem can operate/withstand the effects of water Intrusion due to submersion of the winch system in water.

	
	Slope (para 2.1.8)
	If the APU/Winch System can operate on a longitudinal 40% threshold / 60% objective grade slope and a transverse 30% grade slope.

	Phase II
	Vehicle Integration (para 2.2.1)
	If the APU/Winch System can be integrated on an MRAP CAT III Buffalo vehicle.

	
	Technical Performance (para 2.2.2)
	If the APU subsystem can produce the hydraulic flow and pressure required for the winch.  If the Winch can satisfactorily pull 42,500 lbs.

	
	Maintenance Characteristics (para 2.2.3)
	If the APU subsystem can meet the Preventative Maintenance Checks and Services required in service manual in under 10 man-minutes, with all enclosures, noise reduction, and safety apparatus in place.

	
	Limited Endurance (para 2.2.4)
	If the APU/Winch System does not incur any degradation or damage from 96-hours of rigorous use.

	
	Vibration (para 2.2.5)
	If the APU/Winch System can withstand the effects of vibration conditions.

	
	Noise (para 2.2.6)
	If the APU/Winch System does not exceed 85 decibels (dB) at the driver’s station.

	
	Fording (para 2.2.7)
	If the APU/Winch System can operate when the vehicle is fording salt or fresh water to depths of up to 36 inches.

	
	System Safety (para 2.2.8)
	Ensure the APU/Winch System does not pose any personnel or equipment hazards.

	
	E3 Analysis (optional) (para 2.2.9)
	TBD

	
	Survivability Analysis (para 2.2.10)
	TBD

	
	Center of Gravity (optional) (para 2.2.11)
	Determine the Center of Gravity of the Buffalo vehicle with the APU/Winch System installed.

	
	Double Lane Change (optional) (para 2.2.12)
	Determine the double lane change characteristics of the Buffalo vehicle with the APU/Winch System installed.

	
	Ride and Handling (optional) (para 2.2.13)
	Determine if the weight and the center of gravity of the APU/Winch system has no effect on suspension and steering.

	
	Shock Loading (optional) (para 2.2.14)
	If the APU/Winch system can handle a shock load of TBD.

	
	Fleet Angle/Rope Hold Down (optional) (para 2.2.15)
	If the APU/Winch system can perform at 90% capacity with a maximum fleet angle of 15 degrees.  Determine the performance of the level rope winding device.  

	
	Final Inspection (para 2.2.16)
	Determine whether the APU/Winch System incurs any damage or degradation as a result of the testing.


D. Test data collected during test operations will be reported via Test Incident Reports (TIRs) prepared in accordance with Department of the Army Pamphlet 73-1, daily status reports, and the final report.  All documentation, photographs, videos, and data will be available through the Versatile Information Systems Integrated On-line Nationwide (VISION) Digital Library System (VDLS) online at https://vdls.atc.army.mil. All endurance test incidents will be reviewed and scored by a formal scoring conference.

E. The following instrumentation, at a minimum, will be utilized during the conduct of the test:

(1) Pressure Transducers
(2) Load Cells
(3) Thermocouple Probes

(4) Flow Meters
(5) Microphones
F. The following vehicles have been designated for use by the Joint Program Office (JPO) MRAP for this test:

(1) FPI Buffalo Category III (CAT III) 6x6, Item No. TBD, serial No. TBD
G. The independent test agency (TBD) will provide the facilities, instrumentation, and personnel needed to conduct testing.  Personnel from TBD include: test officer, data collector, instrumentation personnel, test vehicle operators, and test vehicle maintenance.

1.3  UNIQUE TEST PERSONNEL REQUIREMENTS
There are no unique test personnel requirements.  Representatives from the vendors will not be allowed at the test site.  The vendors’ representatives may be allowed at a designated area within the test agency facilities in the case the test agency maintenance personnel are unable to complete the installation process during Phase II testing.  However, use of vendor representatives to install the APU/Winch System constitutes a failure for installation.

SECTION 2.  SUBTESTS

2.1  PHASE I TESTING

2.1.1  INITIAL INSPECTION

2.1.1.1  Objective
Detailed visual and operational inspections will be performed to determine if the APU/Winch System is adequately equipped for Phase I testing and if all subsystems are functioning properly.

2.1.1.2  Criterion Summary
Data will be evaluated for compliance with the criterion in Appendix A, subtest 2.1.1.  A summary of the criterion for this test is provided in Table 2.1.1-1.

Table 2.1.1-1. Summary of Criterion for Initial Inspection Test
	Criterion (App A, Item No.)
	Summary

	1 – Initial Inspection
	If the APU/Winch System is complete and ready for test operations as delivered for Phase I testing, the criterion shall be met.


2.1.1.3  Test Procedures and Data Required
A.  An inventory of all provided APU/Winch System components will be made upon receipt of the test item to determine if the required manuals, support parts, and equipment have been provided for testing.  Using the appropriate manual, a visual inspection will be made of the test components.  All major component and subassembly serial numbers will be recorded.

B.  Before operations, preventive maintenance checks and services (PMCS) will be performed in accordance with the manuals.  Visual and functional inspections will be performed to ensure the equipment is properly prepared to commence operator training and testing.  Components and assemblies will not be disassembled for inspection unless a safety or functional problem exists.

C.  The following data are required:

· Record of any physical damage upon receipt.

· Major component and subassembly serial numbers.

· Inventory of any spare parts, consumables, support equipment, and manuals.

· Characteristic photographs of the APU/Winch System upon arrival.

2.1.2  PHYSICAL CHARACTERISTICS

2.1.2.1  Objective
The objective of this test is to determine the weight, Center of Gravity (CG), and physical dimensions of the APU/Winch System.

2.1.2.2  Criteria Summary
Data will be evaluated for compliance with the criteria in Appendix A, subtest 2.1.2. A summary of the criteria for this test is provided in Table 2.1.2-1.

Table 2.1.2-1. Summary of Criterion for Physical Characteristics Test
	Criterion (App A, Item No.)
	Summary

	2 – Weight
	If the APU subsystem, including any sound deadening material and attached hoses, weighs less than 1800 lbs, and the Winch subsystem weighs less than 1600 lbs (T) 1350 lbs (O), both when full of all required fluids, and APU/Winch System weighs less than 3400 lbs (T) 3150 (O), as described in Appendix A, item 2, then the criterion shall be met.

	3 – Dimensions
	If the dimensions of the APU subsystem, including the radiator, and the Winch subsystem match the requirements listed in Appendix A, item 3, the criterion shall be met.


2.1.2.3 Test Procedures and Data Required
A. Testing will be conducted using Test Operations Procedure (TOP) 1-2-504 and TOP 2-2-712 as a general guide.

B. Weight.  The APU subsystem, including any sound deadening material and the hydraulic hoses to the winch, will be full of all fluids and weighed in the transport configuration.  The Winch subsystem will be weighed in the transport configuration and ready for use with a full hydraulic fluid tank(s).
C. APU CG.
(1) The APU subsystem will be configured in its fully operational mode.

(2) Load distribution (weight) data will be used to compute the longitudinal and lateral CG of the APU subsystem.

(3) The vertical CG will be obtained by the suspension method.

(a) The lengthwise end of the system will be suspended with a shop crane by cables of unequal length.

(b) A vertical line projected through the CG of the shop crane suspension hook pivot will pass through the CG of the freely suspended system. The line will be scribed on a plane surface mounted on the APU subsystem.

(c) The APU subsystem will be lowered to the shop floor and the unequal length of cables will be interchanged. The APU subsystem will then be suspended again.

(d) A second vertical line will be projected. The intersection of the two projected lines will locate the CG in the horizontal (longitudinal) and vertical dimensions.

D. Winch subsystem:  The winch wire rope will be checked to determine if it can safely handle the loads specified for the winch.  The ratio by which the rated breaking strength of the wire rope should not exceed the capacity of the winch is the safety factor.  This safety factor should be determined and compared to the prescribed safety factor before any loads are applied to the wire rope.  The rated breaking strength of the wire rope will be determined by manufacturer’s specification.  Snatch blocks, pulleys (if used), and winch drums will be inspected to ensure they are correct for the designated wire rope type, size, and load, and that they are in suitable operating condition.
E. The following data are required:

· Weight of the APU subsystem and Winch subsystem.

· Overall and reducible dimensions of the APU subsystem.

· Overall dimensions of the Winch subsystem to include:

· Length, width, height, and volume of the Winch.

· Drum length and its flange and barrel diameters
· Wire rope useable length and its diameter

· Winch capacity

· Wire rope capacity (per manufacturers data)
· Number of wire rope layers on the drum

· Freeboard (distance between outer wire rope layer and outer diameter of drum flange) with the wire rope fully retracted

· Decrease in angle of departure and approach (as appropriate to winch location)

· Ambient air temperature

· Weather conditions throughout all test phases
2.1.3  TECHNICAL PERFORMANCE

2.1.3.1  Objective
The objective of this test is to verify proper operation of the APU/Winch System at rated DC load at ambient and extreme (temperature and altitude) environmental conditions.  This portion of the test will be conducted apart from the vehicle on a test bed or test stand.
2.1.3.2  Criteria Summary
Data will be evaluated for compliance with the criteria in Appendix A, subtest 2.1.3.  A summary of the criteria for this test is provided in Table 2.1.3-1.

Table 2.1.3-1. Summary of Criterion for Technical Performance Test

	Criterion (App. A, Item No.)
	Summary

	4 – Power Output and Hydraulic Flow Rate and Pressure at:

· Ambient Temperature

· Extreme Temperature

· High Altitude
	The criterion shall be met if the APU’s hydraulic pump produces the minimum flow and pressure required by the winch, and the APU produces 12 kW (threshold), 15 kW (objective) at 28 VDC stable power, that will not degrade performance by more than:
· 30% when operating at high altitude

· 15% when operating at extreme temperature.


2.1.3.3  Test Procedures and Data Required
A.  Testing procedures will be conducted using MIL-STD-705C for generator testing as a guide.  Reference corresponding TOP.
B.  Safety.  The APU/Winch subsystem will be inspected for any safety hazards to operating personnel.  Safety hazards will be documented and classified in accordance with MIL-STD-882D.


(1) During the test, all necessary safety precautions will be taken.  Snatch blocks may fail and be thrown great distances, or the wire rope may fail and whip around any nearby object.  Test personnel must wear gloves, safety hats, and safety shoes if deemed necessary by test personnel, and must remain outside of established minimum safety perimeters around tested equipment.


(2) Adequate guards or shields must be provided to protect the operator should a wire rope fail, particularly when the controls are located near the winch.


(3)  Moving parts that may become a hazard to operating personnel should be fully enclosed or properly guarded.
C.  Instrumentation. The APU subsystem output voltage and current will be monitored as functions of time by an Advanced On-Board Data Acquisition System (ADOCS) throughout all required operations.  A 16-bit signal conditioning package will process current and voltage signals from current and voltage sensors into root mean square (RMS) values and express them as functions of time.
D.  The APU subsystem will undergo the following test methods outlined in MIL-STD-705C:
(1) Method 608.1, for frequency and voltage regulation stability test (short term)
(2) Method 640.1d, for measuring the maximum power test.

(3) Method 608.2a, for frequency and voltage regulation stability test (long term)

E.  The following instrumentation is required for data acquisition purposes during all APU subsystem performance tests:

(1) Thermocouples positioned on the APU subsystem at the following locations:
· Exhaust
· Intake Air
· Control Box Air
· Fuel
· Ambient Air
· Hydraulic hoses leading to Winch subsystem
(2) Voltage sense leads to measure the generator output voltage.
(3) Current transformers to measure generator output current.
(4) Hydraulic flow measurement and recording device(s)

(5) Hydraulic pressure measurement and recording device(s)

F.  The following data are required:

· Photographs of APU and data plate
· APU output voltage and current

· Gear case and hydraulic system temperatures
· Any safety hazards noted
· Weather Conditions
2.1.4  BLOWING SAND AND DUST

2.1.4.1  Objective
The objective of this test is to determine if the APU/Winch System can withstand being exposed to severe wind-driven sand and dust without deterioration in performance.

2.1.4.2  Criterion Summary
Data will be evaluated for compliance with the criterion in Appendix A, subtest 2.1.4.  A summary of the criterion for this test is provided in Table 2.1.4-1.

Table 2.1.4-1. Summary of Criterion for Blowing Sand and Dust Test
	Criterion (App. A, Item No.)
	Summary

	5 - Blowing Sand and Dust
	If the performance of the APU/Winch System is not affected by the blowing sand or dust environment, the criterion shall be met.


2.1.4.3 Test Procedures and Data Required
A.  Testing will be conducted using MIL-STD-810F, Test Method 510.4 (Procedure I for

blowing dust, and Procedure II for blowing sand), as general guidance.

B.  Particulate size will be assured through the use of sand and dust stocks procured from sources of acknowledged quality and consistency. The wind speed will be monitored by means of a hot wire anemometer and regulated by the engine speed of the fan. Air temperatures will be measured by thermocouples connected to a data logger or hand-held reader. Testing will not take place in ambient relative humidity (RH) in excess of 50 percent or average winds that exceed 15 mph. The test item will be placed no farther than 10 ft from the sand and dust feed to ensure adequate impact velocity. The specific test parameters for particulate concentration and wind speed are provided in Table 2.1.4-2.
Table 2.1.4-2. Specific Test Parameters for Blowing Sand and Dust Test
	Test Method
	Wind Speed

(mph)
	Particulate Concentration

(g/m3)

	Sand
	40
	2.2 ± 0.5

	Dust
	20
	10.0 ± 7.0


C.  Blowing sand.

(1) The APU/Winch System configured in an operational mode will be positioned in front of the wind machine.  Each side of the APU/Winch System will be exposed to the blowing sand environment for a period of 45 minutes with the APU/Winch System operating at 50-percent of rated load. The vehicle will then be rotated 90° and the test will be repeated. This test procedure will be repeated until all exposed sides of the APU/Winch System operating at 50-percent load are exposed to a blowing sand environment.

(2) The testing outlined in paragraph 2.5c (1) will be repeated with the APU/Winch System operating at rated load.

(3) After all exposed sides of the APU/Winch System are exposed to the blowing sand environment, the APU/Winch System will be inspected for the penetration of sand into the housing, air filter, and control panels.

D.  Blowing dust.

(1) The APU/Winch System configured in an operational mode will be positioned in front of the wind machine and each side of the APU/Winch System will be exposed to the blowing dust environment for a period of 45 minutes with the APU/Winch System operating at 50-percent of rated load. The APU/Winch System will then be rotated 90° and the test will be repeated. This test procedure will be repeated until all exposed sides of the APU/Winch System operating at 50-percent load are exposed to the blowing dust environment.

(2) The test procedure outlined in paragraph 2.5.3d (1) will be repeated with the APU/Winch System operating at rated load.

(3) After all exposed sides of the APU/Winch System are exposed to the blowing dust environment, the APU/Winch System will be inspected for the penetration of dust into the housing, air filter, and control panels.

E.  The following data are required:

· Concentrations of the respective particulates, gram per cubic meter (g/m3).  

· Wind speed, miles per hour or feet per second.  

· Ambient conditions; temperature and RH.  

· Photographs of any sand and dust penetration into the housing, filters, or control panels.  

· Descriptions of any damaged or malfunctions caused by the blowing sand and dust.

2.1.5  BLOWING RAIN

2.1.5.1 Objective
The objective of this test is to determine if the APU/Winch System performance deteriorates during or after exposure to a blowing rain environment.

2.1.5.2 Criterion Summary
Data will be evaluated for compliance with the criterion in Appendix A, subtest 2.1.5.  A summary of the criteria for this test is provided in Table 2.1.5-1.

Table 2.1.5-1. Summary of Criterion for Blowing Rain Test

	Criterion (App. A, Item No.)
	Summary

	6 - Blowing Rain
	If the performance of the APU/Winch System is not affected by blowing rain, the criterion shall be met.


2.1.5.3 Test Procedures and Data Required
A.  Test procedures were derived from MIL-STD-810F, Test Method 506.4, Procedure I.  Testing will not be conducted in inclement weather.

B.  The APU/Winch System, will be positioned on a level surface in front of the wind machine. The steady-state, free-fall rate of rain produced by the facility will be adjusted to 4-in/hour. The fans will be operated to provide a steady-state wind speed of 40 mph at the first exposed face of the APU/Winch System.  Wind-driven rain simulation will be continued for 30 minutes.

C.  The APU/Winch System will be operated at rated load and rated voltage for the last 10 minutes of the of the 30-minute test.

D.  Steps (B) and (C) will be repeated until all exposed sides of the APU/Winch System are exposed to the blowing rain environment.

E.  Following the completion of the rain test, the APU/Winch System control panel will be inspected for water penetration.

F.  The following data are required:

· Rainfall rate, inches per hour.

· Wind speed, miles per hour.

· Ambient air temperature, °F.

· Photographs of any water penetration into the APU/Winch System control panel.

· Descriptions of any damaged or malfunctions caused by the blowing rain.
2.1.6  BLOWING SAND, DUST AND RAIN
2.1.6.1  Objective
The objective of this test is to determine if the APU/Winch System can operate without significant performance deterioration in an alternating or simultaneous blowing sand, dust and rain environment. The intent of this test is to stress the APU/Winch System air induction and filtration system in environments likely to be encountered in operational desert environments. 

2.1.6.2  Criterion Summary
Data will be evaluated for compliance with the criterion in Appendix A, subtest 2.1.6. A

summary of the criterion for this test is provided in Table 2.1.6-1.
Table 2.1.6-1. Summary of Criterion for Blowing Sand, Dust and Rain Test
	Criterion (App. A, Item No.)
	Summary

	7 – Blowing Sand, Dust and Rain
	If the performance of the APU/Winch System is not affected by the alternating or simultaneous blowing sand, dust and rain environment, the criterion shall be met.


2.1.6.3 Test Procedures and Data Required
A.  Testing will be conducted using MIL-STD-810F, Test Method 510.4 (Procedure I for

blowing dust, and Procedure II for blowing sand), as general guidance. This test will differ from otherwise standard blowing sand and dust tests in that all portions of a APU/Winch System will be wetted with water before and during the tests to simulate blowing rain. Specific test controls normally associated with a blowing rain test (such as regulated rainfall rate) are not required.
B.  Particulate size will be assured through the use of sand and dust stocks procured from sources of acknowledged quality and consistency. The wind speed will be monitored by means of a hot wire anemometer and regulated by the engine speed of the fan. Air temperatures will be measured by thermocouples connected to a datalogger or hand-held reader. Testing will not take place in average winds that exceed 15 mph. The test item will be placed no farther than 10 ft from the sand and dust feed to ensure adequate impact velocity. The specific test parameters for particulate concentration and wind speed are provided in Table 2.1.6-2 below.
Table 2.1.6-2. Specific Test Parameters for Blowing Sand, Dust and Rain
	Test Method
	Wind Speed

(mph)
	Particulate Concentration

(g/m3)

	Sand
	40
	2.2 ± 0.5

	Dust
	20
	10.0 ± 7.0

	Rain
	Wetted
	Wetted


C.  Blowing sand and rain.

(1) The APU/Winch System configured in an operational mode will be positioned in front of the wind machine.  The APU/Winch System will be wetted with water to simulate operation in a rainy environment. A suitable spray nozzle or equivalent device will be positioned to keep the APU/Winch System as wet as possible during testing. Each side of the APU/Winch System will be exposed to the blowing sand environment for a period of 45 minutes with the APU/Winch System operating at 50-percent of rated load. The vehicle will then be rotated 90° and the test will be repeated. This test procedure will be repeated until all exposed sides of the APU/Winch System operating at 50-percent load are exposed to a blowing sand and rain environment. 

(2) The testing outlined in paragraph 2.5c (1) will be repeated with the APU/Winch System operating at rated load.

(3) After all exposed sides of the APU/Winch System are exposed to the blowing sand and rain environment, the APU/Winch System will be inspected for the penetration of sand and/or sludge into the housing, air filter, and control panels.

D.  Blowing dust and rain.

(1) The APU/Winch System configured in an operational mode will be positioned in front of the wind machine. The APU/Winch System will be wetted with water to simulate operation in a rainy environment. A suitable spray nozzle or equivalent device will be positioned to keep the APU/Winch System as wet as possible during testing. Each side of the APU/Winch System will be exposed to the blowing dust environment for a period of 45 minutes with the APU/Winch System operating at 50-percent of rated load. The APU/Winch System will then be rotated 90° and the test will be repeated. This test procedure will be repeated until all exposed sides of the APU/Winch System operating at 50-percent load are exposed to the blowing dust and rain environment.

(2) The test procedure outlined in paragraph 2.5.3d (1) will be repeated with the APU/Winch System operating at rated load.

(3) After all exposed sides of the APU/Winch System are exposed to the blowing dust and rain environment, the APU/Winch System will be inspected for the penetration of dust and/or sludge into the housing, air filter, and control panels.

E.  The following data are required:

· Concentrations of the respective particulates, gram per cubic meter (g/m3).  

· Wind speed, miles per hour or feet per second.  

· Ambient conditions; temperature and RH.  

· Photographs of any sand, dust and/or sludge penetration into the housing, filters, or control panels.  

· Descriptions of any damaged or malfunctions caused by the blowing sand, dust and/or rain.

2.1.7  WATER INTRUSION (OPTIONAL)
2.1.7.1  Objective
The objective of this test is to determine if the if the Winch Subsystem can operate/withstand the effects of water Intrusion due to a submersion environment.   

2.1.7.2  Criterion Summary
Data will be evaluated for compliance with the criterion in Appendix A, subtest 2.1.7.  A summary of the criterion for this test is provided in Table 2.1.7-1.
Table 2.1.7-1. Summary of Criterion for Water Intrusion Test
	Criterion (App. A, Item No.)
	Summary

	8 – Water Intrusion (optional)
	If the performance of the Winch Subsystem is capable of operating/withstanding the effects of water submersion with no leakage or any other malfunction, the criterion shall be met.


2.1.7.3 Test Procedures and Data Required
A. The APU/Winch System will be installed in program intent locations and fully operational, including all fluids and enclosures, for testing of Water submersion.

B. The Winch Subsystem will be evaluated with the Winch submersed in water at a depth that is capable of covering the Winch assembly.  The Winch will be cycled in both directions.

C. The following data are required:

· Description of any faulty lubrication, leakage, or any other malfunctions

· Photographs of Hydraulic Oil Filter cut open after test.
2.1.8  SLOPE (OPTIONAL)
2.1.8.1  Objective
The objective of this test is to determine if the APU/Winch System mounted in program intent location is capable of maintaining a 30% transverse grade, a 40% longitudinal grade (O) or 60% longitudinal grade (T).  The intent is to investigate the stability of the vehicle along with functional operation.  It is required that the APU/Winch System can operate without evidence of faulty lubrication, leakage, or other malfunctions.   

2.1.8.2  Criterion Summary
Data will be evaluated for compliance with the criterion in Appendix A, subtest 2.1.8. A

summary of the criterion for this test is provided in Table 2.1.8-1.
Table 2.1.8-1. Summary of Criterion for Slope Test
	Criterion (App. A, Item No.)
	Summary

	9 – Slope (optional)
	If the performance of the APU/Winch System is not affected by longitudinal 40% threshold / 60% objective grade slope and transverse 30% grade slope, the criterion shall be met.


2.1.8.3 Test Procedures and Data Required
A. The APU/Winch system will be installed in program intent locations and fully operational, including all fluids and enclosures, for testing of slope performance utilizing a incline/slope table.

B. The APU/Winch will be evaluated at a 40% (T) and 60%(O) with APU/Winch system operating at 90% maximum load capability.
C. The APU/Winch will be evaluated at a 30% transverse slope with the APU/Winch system operating at 90% maximum load capability.

D. The following data are required:

· Photographs of APU/Winch system and slope table.

· Description of any faulty lubrication, leakage, or any other malfunctions

· Engine Oil Temperature in main gallery
· Engine Oil Pressure in main gallery
· Hydraulic Oil Temperature at exit of the pump
· Hydraulic Oil Pressure at exit of the pump 
· Any Safety concerns

· Descriptions of any damaged or malfunctions caused by the slope testing

2.2  PHASE II TESTING
2.2.1  VEHICLE INTEGRATION
2.2.1.1  Objective
The objective of this test is to verify that the APU/Winch System can be properly integrated onto an MRAP Category III Buffalo vehicle without the requiring any special penetrations of the ballistic enclosure of the vehicle.
2.2.1.2  Criteria Summary
Data will be evaluated for compliance with the criteria in Appendix A, subtest 2.2.1.  A summary of the criteria for this test is provided in Table 2.2.1-1.

Table 2.2.1-1. Summary of Criterion for Vehicle Integration
	Criterion (App. A, Item No.)
	Summary

	10 –  Vehicle Integration

	If the APU/Winch System can be successfully integrated onto a MRAP CAT III Buffalo vehicle per the performance specification interface drawings and without penetrating the ballistic enclosure of the vehicle, the criterion shall be met.


2.2.1.3 Test Procedures and Data Required
A.  The APU/Winch System will be installed using only the installation documents provided with the APU/Winch System Kit. 
B.  The following data are required:

· Photographs of the assembly process.
· Descriptions of any damage or malfunction to the ballistic enclosure of the vehicle.

· Description of any special tools required, not listed in the Installation Instructions.

· Description of any changes or modifications required to the installation Instructions.
· Description of any missing hardware or components from the installation kit.
· Description of any Safety concerns with the installation of the APU/Winch installation.
2.2.2  TECHNICAL PERFORMANCE

2.2.2.1  Objective
The objective of this test is to verify proper operation of the APU/Winch System at rated DC load at ambient and extreme (temperature and altitude) environmental conditions.  This portion of the test will be conducted after the APU/Winch System has been integrated onto the vehicle.
2.2.2.2  Criteria Summary
Data will be evaluated for compliance with the criteria in Appendix A, subtest 2.2.2.  A summary of the criteria for this test is provided in Table 2.2.2-1.

Table 2.2.2-1. Summary of Criterion for Technical Performance Test

	Criterion (App. A, Item No.)
	Summary

	11  Technical Performance
	If the APU subsystem can produce the hydraulic flow and pressure required for the winch and if the Winch can satisfactorily pull 42,500 lbs, the criterion shall be met.


2.2.2.3  Test Procedures and Data Required
A.  The Winch subsystem will be instrumented to measure the temperature in the winch gear case, along with the hydraulic reservoir temperature.  The temperatures will be monitored and the testing will be temporarily suspended if temperatures reach the critical temperatures for the respective fluids.


(1) The drum diameter and the distance between flanges will be measured prior to any winch pulls and upon completion of winch testing as a physical check for any permanent deformation of the winch drum. The distance between flanges will be measured at the root of the flange and at the top of the flange.

(2) The rated line pull for each layer will be determined based on the maximum rated line pull of the winch, drum diameter, and wire rope diameter. The line pull must not exceed the limit established in the applicable specification for the hydraulic relief valve control. The maximum rated line pull will be determined and each successive wire rope layer line pull will be determined based on the following constant maximum rated line pull equation:

P = Pmax(d + D) / (d(2n-1) + D)

Where:

P = rated line pull (pounds)

d = wire rope diameter (inches)

D = drum barrel diameter (inches)

n = number of layers 

Pmax = maximum (first layer) rated line pull (pounds)

B.  The APU/Winch System will be configured on the vehicle and the winch will be connected to a mobile dynamometer through a load cell.  The direction of pull will be horizontal within ±15 degrees and perpendicular to the center line of the winch drum within ±5 degrees.  The APU speed will be adjusted as required by the APU ’s technical manual. The following will be determined during the Winch subsystem testing:

(1) The maximum length of the winch wire rope will be measured by fully paying out the winch wire rope.  The maximum distance will be determined at the point when a minimum of 5 wraps remains on the drum or when the winch automatically stops feeding out.

(2) Winch line speed at 50 and 100 percent of maximum rated winch capacity for the first layer of wire rope and the full drum wire rope layer.  If the winch has multiple gears each of the foregoing tests of load percentages shall be performed at full selectable flow rate while the line speed is determined for each gear range.  The following data is required:

· Obtain line speeds by timing a mark on the wire rope as it passes two stakes suitably spaced or equivalent
· As a minimum, measure line speed for the first drum layer and full-drum layers verses hydraulic pressure, hydraulic flow volume and engine speed.

· Make a sufficient number of test runs to provide repeatable data
· For each test run, calculate and compare the average line speed for winching all layers to specifications
· Determine or calculate a line speed for each drum speed when multiple drum speeds are provided through varying gear ratios
(3) Winch capacity on the first drum layer will be determined by activating the winch and applying a load until the winch stalls.
· Accomplish load-capacity tests with the vehicle anchored and all but the minimum of five turns of wire rope unwound from the main winch drum
· Attach the wire rope to a dynamometer or other suitable loading device

· While winding the first layer of wire rope, increase the load until the overload safety device functions, or if the winch is not equipped with such a device, until the maximum rated capacity or overload value is reached

· At this time, check the automatic mechanical brake for its ability to stop and hold the load for 5 minutes after the removal of winch drive power

· Data required for winch capacity testing includes the following:
· Measure and record winch pull to actuate the overload device (or to reach the overload value) and the distance from the center of the winch drum to the center of the cable leading from the drum (torque arm)

· Also record the hydraulic oil pressure and temperature observed during the test for hydraulic winches.

(4) The winch brake will be checked by applying a load until the winch stalls, then releasing the hydraulic pressure with the load still applied. The load holding capability will be monitored for 5 minutes for any movement of the winch drum.
(5) A functional test of the winch will be performed by completing four complete line pulls at approximately 90 percent of capacity. The winch will be fully extended and retracted continuously at 90 percent of the rated load for each layer on the drum. This will be repeated for four trials. The wire rope will be inspected for damage, abrasions, and broken strands between each line pull. The average line speed for the entire pull will be calculated based on the distance retracted and the time to retract that distance.
(6) Winch overload protection devices are characteristically inaccurate and may impose loads in excess of the rated capacity on the winch, particularly mechanically driven winches that use a shear pin for overload protection.  The ability of the winch to withstand inadvertent overloading is determined by applying a test load 1.25 times the rated winch capacity while winding the first wire rope layer on the drum.  For this test, the overload device is modified or adjusted to accommodate the increase in loading.
(7) Evaluate the ability of the level wind device to provide proper wrapping of the wire rope under full load throughout the winch test.
(8) Conduct functional tests of winches under the following conditions:
· (optional) The winch subsystem may be tested under conditions (such as in deep mud) that immobilize the vehicle.  Using another vehicle or suitable anchor, extricate the immobilized vehicle under its own power. This may be simulated by pulling the vehicle up to 100% of GVW.

· (optional) The winch subsystem may be tested with larger fleet angles to determine the performance of roller fairlead.

· Data required: Make observations regarding safety, suitability, and ease of operation.

(9) For the test described below, record applied line loads, pressures for hydraulic winches, time duration, engine speed, and gear-case hydraulic oil or motor temperatures.  At test completion, examine winch drum for distortion or necking down and elongation.
(10) Obtain information for the human systems integration (HSI) throughout the engineering and safety phases of testing.  Obtain HSI guidance from TOP 1-2-610, MIL-STD-1472F, and MIL-HDBK-759C as necessary.
(11) Hydraulic pressure and flow rate supplying the winch will be determined by installing a pressure gauge and a flow meter in the hydraulic line as close to the winch as possible.

C. Conduct testing described in steps (A) through (G) for the following temperature and high altitude condition.  MIL-STD-810F will be used as a guide.

Table 2.2.2-2. Test Temperature and Altitude Conditions
	Test Sequence
	Test Condition

(Temperature, °F)
	Altitude (ft)

	1
	95
	MSL

	2
	120*
	MSL

	3
	130*
	MSL

	4
	-10*
	MSL

	5
	-25*
	MSL

	6
	95
	4,000

	7
	95
	8,000

	8
	95
	12,000


             *Min 12-hr cold/heat soak before performance test


MSL = Mean Sea Level

D. The following data are required:

· Photographs of winch and data plate
· Rated strength of wire rope
· Drum length and diameter (±0.1 inch)
· Wire rope usable length (±6 inch) and diameter (±0.1 inch)
· Rated winch capacity and number of wire rope layers
· Gear case and hydraulic system temperatures (±3.6°F) (hydraulically powered winches)
· Hydraulic pressure supplied to the winch at full load (42,500 lbs.) and maximum selectable drum speed operation
· Hydraulic fluid flow rate supplied to the winch at full load (42,500 lbs.) and maximum selectable drum speed operation
· Winch stall load (±50 pounds)
· Average line speed at each layer on the drum (±2 inch per second)
· Capability of brake to hold applied load
· Average line pull per layer (±50 pounds)
· Any safety hazards noted
· Weather Conditions
2.2.3  MAINTENANCE REQUIREMENTS
2.2.3.1  Objective

The objective of this test is to determine If the APU/Winch subsystem can meet the Preventative Maintenance Checks and Services required in service manual in fewer than 10 man-minutes, with all enclosures, noise reduction, and safety apparatus in place.   

2.2.3.2  Criterion Summary
Data will be evaluated for compliance with the criterion in Appendix A, subtest 2.2.3.  A summary of the criterion for this test is provided in Table 2.2.3-1.

Table 2.2.3-1. Summary of Criterion for Maintenance Requirements Test

	Criterion (App. A, Item No.)
	Summary

	12 – Maintenance Requirements
	If the APU/Winch subsystem can meet the Preventative Maintenance Checks and Services required in service manual in fewer than 10 man-minutes, with all enclosures, noise reduction, and safety apparatus in place, the criterion shall be met.


2.2.3.3 Test Procedures and Data Required
A. The APU/Winch system will be installed in program intent locations and fully operational, including all fluids and enclosures, for testing of the Preventative Maintenance Checks and Services required by the user manual.

B. Perform Maintenance tasks and record time record to complete all tasks.
C. The following data are required:
· Time required performing Maintenance and Service checks.

· Descriptions of any damaged or malfunctions caused by following the Maintenance and service procedures.

· Any Safety related concerns with performing Maintenance and service procedures.
2.2.4  LIMITED ENDURANCE
2.2.4.1 Objective
The objective of this test is to determine if the APU/Winch System can operate reliably when subjected to rigorous use in a simulated operational environment over a 96-hour period. 

2.2.4.2 Criteria Summary

Data will be evaluated for compliance with the criterion in Appendix A, subtest 2.2.4.  A summary of the criterion for this test is provided in Table 2.2.4-1.

Table 2.2.4-1. Summary of Criterion for Limited Endurance Test
	Criterion (App. A, Item No.)
	Summary

	13 – Limited Endurance
	If the APU/Winch System does not incur any degradation or damage from 96-hours of rigorous use, the criterion shall be met.


2.2.4.3 Test Procedures and Data Required
A.  An APU/Winch System will require nothing more than operator’s PMCS during the 96-hour limited endurance test. The APU/Winch System will be set up for operation in an outdoor environment. Normal operator’s checks will be performed prior to operation. 
B.  A suitable load bank will be connected to the APU subsystem output terminals to simulate a continuous full load (Possible simulation or actual GFE +12 Volts).  To begin the test, the Buffalo vehicle engine will be off and the APU subsystem will be started and run continuously at 95% of rated capacity until the Buffalo vehicle fuel tank requires re-filling or 20 hours have elapsed, whichever is shorter.  At that point the APU subsystem will be shut down only as long as minimally necessary to refuel the vehicle and to check the APU subsystem engine oil level for the proper quantity.  The APU subsystem is required to start with no special modifications(self-prime).
C.  Test of the APU/Winch System controls.  The Buffalo vehicle engine will be started and a suitable load bank (GFE + 12 volts) will be placed on the system.  The Buffalo vehicle will run until state of battery charge is at 95% of maximum battery capacity..  The Buffalo vehicle engine will be turned off while the suitable load bank (GFE + 12 volts) remains on.  Monitor Buffalo vehicle battery power and when the APU subsystem turns on automatically to ensure the Buffalo vehicle battery does not completely drain.  Engage the winch subsystem to 90% maximum load capability.  During winch operation, Start the Buffalo vehicle engine and remove the winch subsystem load.  Monitor when the APU subsystem turns off.
With the Buffalo vehicle engine off, start the APU subsystem and then apply a suitable load bank (GFE + 12 volts).  Apply a winch subsystem load of 90% maximum load capability.  Then start the Buffalo vehicle engine and let it run until state of battery charge is at 95% of maximum battery capacity..  Shut the Buffalo vehicle engine off.  Monitor Buffalo vehicle battery power and when the APU subsystem turns on automatically to ensure the Buffalo vehicle battery does not completely drain.  Turn off the APU subsystem and restart the Buffalo vehicle engine to ensure the vehicle will start.

With the Buffalo vehicle engine off, run the Winch subsystem.  Monitor Buffalo vehicle battery power and when the APU subsystem turns on automatically to power the Winch subsystem and to ensure the Buffalo vehicle battery does not completely drain.
D.  Procedures in the preceding paragraphs will be repeated after initial refueling until 96-hours have elapsed, or until a failure of any type precludes further operation.  Incidents detected and maintenance actions performed to the APU/Winch System during the test will be recorded.
E.  At the conclusion of this test, the APU/Winch System will be inspected for any damage or degradation not previously noted.
F.  The following data are required:

· Sampled engine speed and electrical output at regular intervals.  Any PMCS or corrective maintenance actions required.

· Any Reliability, Availability, and Maintainability (RAM) data (point, confidence level, or other) that can be calculated incidental to this test.

· The amount of fuel and oil consumed.

· Record of any defects or malfunctions to the APU/Winch System.

· Assessment of special tools or equipment needed to correct malfunctions.

2.2.5  VIBRATION
2.2.5.1 Objective
The objective of this test is to determine if the APU/Winch System can operate during vibration conditions on an MRAP Category III Buffalo during typical road missions.

2.2.5.2 Criterion Summary
Data will be evaluated for compliance with the criterion in Appendix A, subtest 2.2.5.  A summary of the criterion for this test is provided in Table 2.2.5-1.

Table 2.2.5-1. Summary of Criterion for Vibration Test

	Criterion (App. A, Item No.)
	Summary

	14 - Vibration
	If the APU/Winch System does not incur any damage from vibration conditions during road missions, the criterion shall be met.


2.2.5.3 Test Procedures and Data Required
A.  The APU/Winch System will be integrated onto an MRAP Buffalo Category III vehicle and will operate at 100-percent load for the duration of all road testing.  The Buffalo will run 5 hours on hard surface highway road conditions and then 1 hour on secondary road conditions.  Two Quiet Power 1800 (QP1800) DC to alternating current (AC) inverters will be connected to the APU subsystem DC output terminals to provide a DC load on the APU subsystem.  The QP1800 will then be loaded with an AC load until the APU subsystem reaches the required 12 kW rated DC load.  The APU subsystem output voltage and current will be monitored as functions of time by an ADOCS throughout all required operations.  A 16-bit signal conditioning package will process current and voltage signals from current and voltage sensors to root mean square (RMS) values and express them as functions of time.

Table 2.2.5-2. Specific Test Parameters for Vibration Test

	Test Method Description
	Duration (hrs)

	MIL-STD-810F, Category 4 (Truck/trailer/tracked – restrained cargo)

· Exposure level: Highways
	5

	MIL-STD-810F, Category 4 (Truck/trailer/tracked – restrained cargo)

· Exposure level: Secondary roads 
	1


B.  Incidents detected and maintenance actions performed to the APU/Winch System during the test will be recorded.

C.  The following data are required:

· Record of any defects or malfunctions to the APU/Winch System.
· Record fuel and oil consumption

· Record oil temperature at main gallery

· Record coolant temperature at exit of engine

· Record acceleration data at drivers front seat mount
· Assessment of special tools or equipment needed to correct malfunctions.

· Record of APU/Winch System voltage and current data during road testing with ADOCS.

· All repair parts and components usage will be recorded.

2.2.6  NOISE
2.2.6.1 Objective
The objective of this test is to determine if the APU/Winch System exceeds 85 decibels (dB) at the Buffalo vehicle driver’s station with the door open when operating at 100% of rated capacity or maximum allowed by system controls, whichever is less.
2.2.6.2 Criterion Summary
Data will be evaluated for compliance with the criterion in Appendix A, subtest 2.2.6.  A summary of the criterion for this test is provided in Table 2.2.6-1.

Table 2.2.6-1. Summary of Criterion for Noise Test

	Criterion (App. A, Item No.)
	Summary

	15 - Noise
	If the APU/Winch System does not exceed 85 decibels (dB), the criterion shall be met.


2.2.6.3 Test Procedures and Data Required
A. Record a decibel reading at driver’s right ear with the APU/Winch system in the off position, as a baseline standard.

B.  The APU/Winch System will be integrated onto an MRAP Buffalo Category III vehicle and will operate at a range from 0% to 100% load or maximum allowed by system controls, in 10% increments.  A decibel reading will be taken at the Buffalo driver’s station with the door open.
C.  The following data are required:

· Sampled engine speed and electrical output at regular intervals.

· Decibel reading at driver’s right ear.

· Acceleration data of driver’s front seat mount.

· Record of any defects or malfunctions to the APU/Winch System.
2.2.7  FORDING
2.2.7.1 Objective
The objective of this test is to determine if the APU/Winch System can operate while the Buffalo vehicle is fording in salt or fresh water to depths of up to 36 inches, including wave height, at speeds up to five mph without special preparation or kits.
2.2.7.2 Criterion Summary
Data will be evaluated for compliance with the criterion in Appendix A, subtest 2.2.7.  A summary of the criterion for this test is provided in Table 2.2.7-1.

Table 2.2.7-1. Summary of Criterion for Fording Test

	Criterion (App. A, Item No.)
	Summary

	16 – Fording
	If the APU/Winch System does not incur any damage from fording conditions, the criterion shall be met.


2.2.7.3 Test Procedures and Data Required
A.  The APU/Winch System will be integrated onto an MRAP Buffalo Category III vehicle and will operate at 100-percent load for the duration of testing.  The APU subsystem will be started and then the Buffalo vehicle will drive at 5 mph fording up to 36 inches.  After the vehicle is moved out of the water, the APU subsystem will be turned off and then restarted. (*investigate water intrusion before restart*)
B.  The following data are required:

· Record of any defects or malfunctions to the APU/Winch System 
· Photographs of the water height in relation to APU Subsystem

· Photographs of the water height in relation to the Winch Subsystem
2.2.8  SYSTEM SAFETY

2.2.8.1 Objective
The objective of this test is to ensure the APU/Winch System does not pose personnel or equipment hazards during transport and operation.

2.2.8.2 Criterion Summary
Data will be evaluated for compliance with the criterion in Appendix A, subtest 2.2.8.  A summary of the criterion for this test is provided in Table 2.2.8-1.

Table 2.2.8-1. Summary of Criterion for System Safety Test
	Criterion (App. A, Item No.)
	Summary

	17 – System Safety
	If the APU/Winch System exhibits no uncontrolled critical or catastrophic safety hazards, and is designed to control or eliminate those hazards, the criterion shall be met.


2.2.8.3 Test Procedures and Data Required
A.  Before testing is initiated, a safety inspection will be conducted by test personnel to identify potential safety and health hazards.

B.  Draft user publications and information established as part of this test will be reviewed to ensure adequate and accurate safety guidance is provided.

C.  The hazard severity and probability chart of Army Regulation (AR) 385-16, provided in Table 2.2.8-2, will be used to categorize the hazards.

Table 2.2.8-2. Safety Hazard Classification

	Hazard Probability

	
	Frequent
	Reasonably
Probable
	Occasional
	Remote
	Improbable

	Hazard Severity
	
	
	A
	B
	C
	D
	E

	
	Catastrophic
	I
	
	
	
	
	

	
	Critical
	II
	
	
	
	
	

	
	Marginal
	III
	
	
	
	
	

	
	Negligible
	IV
	
	
	
	
	


D.  Any observations or incidents occurring during the conduct of the test program that are applicable to the overall safety and health characteristics of the system will be recorded.
E. Investigate any safety concerns of the APU/Winch control system in all locations where the controls could be used.

2.2.9  E3 ANALYSIS (OPTIONAL)
2.2.9.1 Objective
TBD.

2.2.9.2 Criteria and Data Analysis
Data will be evaluated for compliance with the criterion in Appendix A, subtest 2.2.9.  A summary of the criterion for this test is provided in Table 2.2.9-1.

Table 2.2.9-1. Summary of Criterion for E3 Analysis (Optional) Test
	Criterion (App. A, Item No.)
	Summary

	18 – E3 Analysis
	TBD.


2.2.9.3 Test Procedures and Data Required
A.  TBD.

B.  The following data are required:

· TBD.
2.2.10  SURVIVABILITY ANALYSIS (OPTIONAL)
2.2.10.1 Objective
TBD.

2.2.10.2 Criteria and Data Analysis
Data will be evaluated for compliance with the criterion in Appendix A, subtest 2.2.10.  A summary of the criterion for this test is provided in Table 2.2.10-1.

Table 2.2.10-1. Summary of Criterion for Survivability Analysis (Optional) Test
	Criterion (App. A, Item No.)
	Summary

	19 – Survivability Analysis
	TBD.


2.2.10.3 Test Procedures and Data Required
A.  TBD.

B.  The following data are required:

· TBD.

2.2.11  CENTER OF GRAVITY (OPTIONAL)
2.2.11.1 Objective
TBD.

2.2.11.2 Criteria and Data Analysis
Data will be evaluated for compliance with the criterion in Appendix A, subtest 2.2.11.  A summary of the criterion for this test is provided in Table 2.2.11-1.

Table 2.2.11-1. Summary of Criterion for Center of Gravity (Optional) Test
	Criterion (App. A, Item No.)
	Summary

	20 – Center of Gravity
	TBD.


2.2.11.3 Test Procedures and Data Required
A.  TBD.

B.  The following data are required:

· TBD.

2.2.12  DOUBLE LANE CHANGE (OPTIONAL) 

2.2.12.1 Objective
The objective of this test is to determine if the APU/Winch System has any effect on vehicle steering performance.  The test will be conducted to evaluate the change in oversteer/understeer conditions, due to the additional mass and location.
2.2.12.2 Criteria and Data Analysis
Data will be evaluated for compliance with the criterion in Appendix A, subtest 2.2.12.  A summary of the criterion for this test is provided in Table 2.2.12-1.

Table 2.2.12-1. Summary of Criterion for Double Lane Change (Optional) Test
	Criterion (App. A, Item No.)
	Summary

	21 – Double Lane Change
	If the APU/Winch System does not induce any negative steering or vehicle handling affects.  If a Double Lane Change test can be performed with no wheel lift or cone contact at vehicle rated speed, the criterion shall be met.


2.2.12.3 Test Procedures and Data Required
A. Testing will be conducted using TBD, Test Method TBD, as a general guidance.
B.  Perform a vehicle double lane change test with APU/Winch system installed and operating with two Quiet Power 1800 (QP1800) DC to alternating current (AC) inverters connected to the APU subsystem DC output terminals to provide a DC load on the APU subsystem.  The QP1800 will then be loaded with an AC load until the APU subsystem reaches the required 12 kW rated DC load.  
C.  The following data are required:

· Record any negative steering or handling affects.

· Record the roll rate

· Record the roll angle

· Record the yaw rate

· Record the Lateral Accelerations

· Record Steering angle/efforts

· Photographs/Video of test events
2.2.13  RIDE AND HANDLING (OPTIONAL)

2.2.13.1 Objective
The objective of this test is to determine if the APU/Winch System mass, center of gravity, and weight distribution has an effect on Ride and Handling.  The test will be conducted to evaluate the change in steering and ride control conditions, due to the additional mass and location.
2.2.13.2 Criteria and Data Analysis
Data will be evaluated for compliance with the criterion in Appendix A, subtest 2.2.13.  A summary of the criterion for this test is provided in Table 2.2.13-1.

Table 2.2.13-1. Summary of Criterion for Ride and Handling (Optional) Test
	Criterion (App. A, Item No.)
	Summary

	22 – Ride and Handling
	If the APU/Winch System does not induce any negative steering or vehicle handling affects, the criterion shall be met.


2.2.13.3 Test Procedures and Data Required
A. Testing will be conducted using TBD, Test Method TBD, as a general guidance.
B.  Perform vehicle ride quality metrics and record acceleration data for front driver seat location with the APU/Winch system installed and operating with two Quiet Power 1800 (QP1800) DC to alternating current (AC) inverters connected to the APU subsystem DC output terminals to provide a DC load on the APU subsystem.  The QP1800 will then be loaded with an AC load until the APU subsystem reaches the required 12 kW rated DC load.  
C.  The following data are required:

· Record any negative steering or handling affects.
· Compare acceleration data with maximum allowed driver seat input *(6Watts)*.
2.2.14  SHOCK LOADING (OPTIONAL)

2.2.14.1 Objective
The objective of this test is to determine if the APU/Winch System can handle a shock load of TBD.
 2.2.14.2 Criteria and Data Analysis
Data will be evaluated for compliance with the criterion in Appendix A, subtest 2.2.14.  A summary of the criterion for this test is provided in Table 2.2.14-1.

Table 2.2.14-1. Summary of Criterion for Shock Loading (Optional) Test
	Criterion (App. A, Item No.)
	Summary

	23 – Shock Loading
	If the APU/Winch System does not induce any Failure or Safety concern with vehicle shock loading winch subsystem, the criterion shall be met.


2.2.14.3 Test Procedures and Data Required
A. Testing will be conducted using TBD, Test Method TBD, as a general guidance.
B. A functional test will be performed with the vehicle loaded to GVWR and immobilized in loose sand. 

(1) A functional test will be performed with the Winch Subsystem line fully extended with a minimum of 5 wraps left on the drum.  Attach the Winch line to secure object and engage the winch subsystem to begin freeing the immobilized vehicle.  During the winch operation attempt to free the immobilized vehicle using its four wheel drive system     
C.  The following data are required:

· Record Wire Rope load.

· Record Hydraulic Oil Pressure. 
· Record Hydraulic Oil Temperature.

2.2.15  FLEET ANGLE/ROPE HOLD DOWN (OPTIONAL)

2.2.15.1 Objective
The objective of this test is to determine if the APU/Winch System can handle a Fleet angle of a maximum of 15 Degrees from centerline and perform a functional wire hold down.

 2.2.15.2 Criteria and Data Analysis
Data will be evaluated for compliance with the criterion in Appendix A, subtest 2.2.15.  A summary of the criterion for this test is provided in Table 2.2.15-1.

Table 2.2.15-1. Summary of Criterion for Fleet Angle/Rope Hold Down (Optional) Test
	Criterion (App. A, Item No.)
	Summary

	24 – Fleet Angle/Rope Hold Down
	If the Winch Subsystem can perform at 90% capacity with a maximum fleet angle of 15 degrees, the criterion shall be met.


2.2.15.3 Test Procedures and Data Required
A. Testing will be conducted using TBD, Test Method TBD, as a general guidance.
B. A functional test will be performed with the vehicle loaded to GVWR and immobilized in loose sand. 

(1) A functional test will be performed with the Winch Subsystem line fully extended with a minimum of 5 wraps left on the drum.  Attach the Winch line to secure object that is at a fleet angle of 15 degrees from centerline.  Engage the winch subsystem to begin freeing the immobilized vehicle.       

C.  The following data are required:

· Record Wire Rope load.

· Record Hydraulic Oil Pressure. 

· Record Hydraulic Oil Temperature.

· Photographs/Video of the winch Spool

2.2.16  FINAL INSPECTION

2.2.16.1 Objective
A detailed visual inspection and load bank operational performance test will be performed to determine if the APU/Winch System was adversely affected by testing and determine if all subsystems are functioning properly at the end of all scheduled tests.

2.2.16.2 Criteria and Data Analysis
No criteria are provided for this test. A final inspection will be conducted to determine if

the APU/Winch System incurred any damage or degradation as a result of testing.

2.2.16.3 Test Procedures and Data Required
A.  The APU/Winch System will be inspected for any damage or degradation after test completion.

B.  Any damage to the APU/Winch System not previously documented in another subtest will be photographed and documented as a part of the final inspection.

C.  The following data are required:

· Record of any physical damage noticed upon test completion.  Photographs of any damage which occurred throughout testing.
· Record any vehicle damage noticed upon test completion.  Photographs of any damage which occurred throughout testing.
SECTION 3.  APPENDIXES

APPENDIX A. TEST CRITERIA

	
	Item
	Test Criteria
	Subtest

	Phase

I
	1
	Initial Inspection.  If the APU/Winch System is complete and ready for test operations as delivered for Phase I testing, the criterion shall be met.
	2.1.1

	
	2
	Weight.  If the APU subsystem, including any sound deadening material and attached hoses, weighs less than 1800 lbs, and the Winch subsystem weighs less than 1600 lbs (T) 1350 lbs (O), both when full of all required fluids, and the APU/Winch System weighs less than 3400 lbs (T) 3150 (O), the criterion shall be met.
	2.1.2

	
	3
	Dimensions.  If the APU/Winch System does not exceed the space envelope as determined by the interface drawings in the MRAP APU/Winch System performance specification, the criterion shall be met.
	2.1.2

	
	4
	Power Output/Pull Capacity (Ambient Temperature).  If the APU subsystem produces 12 kW (T), 15 kW (O) at 28 VDC stable power, the criterion shall be met.  Also:
· Power Output/Pull Capacity (Extreme Temperature).  The APU/Winch System shall not degrade performance by more than 15% when operated at -10 deg F (threshold); -25 deg (objective) and 120 deg F (threshold); 130 (objective).

· Power Output/Pull Capacity (High Altitude). The APU/Winch System shall not degrade performance by more than 30% when operated at 12,000 ft (threshold and objective)
	2.1.3

	
	5
	Blowing Sand and Dust.  If the performance of the APU/Winch System is not affected (i.e. engine shall not be stalled or components become inoperative) by the blowing sand or dust environment, the criterion shall be met.
	2.1.4

	
	6
	Blowing Rain.  If the performance of the APU/Winch System is not affected (i.e. engine shall not be stalled or components become inoperative) by the blowing rain, the criterion shall be met.
	2.1.5

	
	7
	Blowing Sand, Dust and Rain.  If the performance of the APU/Winch System is not affected (i.e. engine shall not be stalled or components become inoperative) by the alternating or simultaneous blowing sand, dust and rain environment, the criterion shall be met.
	2.1.6

	
	8
	Water Intrusion.  If the Winch Subsystem is not affected by submersing the winch below water, the criterion shall be met.
	2.1.7

	
	9
	If the performance of the APU/Winch System is not affected by longitudinal 40% threshold / 60% objective grade slope and transverse 30% grade slope, the criterion shall be met.
	2.1.8

	Phase II
	10
	If the APU/Winch System can be successfully integrated onto a MRAP CAT III Buffalo vehicle per the performance specification interface drawings and without penetrating the ballistic enclosure of the vehicle, the criterion shall be met.
	2.2.1

	
	11
	Vehicle Performance.  If the APU subsystem can produce the hydraulic flow and pressure required for the winch and if the Winch can satisfactorily pull 42,500 lbs, the criterion shall be met.
	2.2.2

	
	12
	Maintenance Requirements.  If the APU/Winch System does not exceed 10 man minutes for Preventative Maintenance Checks and Services required in service manual, the criterion shall be met.
	2.2.3

	
	13
	Limited Endurance. If the APU/Winch System does not incur any degradation or damage from 96-hours of rigorous use, the criterion shall be met.
	2.2.4

	
	14
	If the APU/Winch System does not incur any damage from vibration conditions during road missions, the criterion shall be met.
	2.2.5

	
	15
	If the APU/Winch System does not exceed 85 decibels (dB), the criterion shall be met.
	2.2.6

	
	16
	If the APU/Winch System does not incur any damage from fording conditions, the criterion shall be met.
	2.2.7

	
	17
	System Safety.  If the APU/Winch System exhibits no uncontrolled critical or catastrophic safety hazards, and is designed to control or eliminate those hazards, the criterion shall be met.
	2.2.8

	
	18
	E3 Analysis. TBD
	2.2.9

	
	19
	Survivability Analysis. TBD
	2.2.10

	
	20
	Center of Gravity. TBD
	2.2.11

	
	21
	Double Lane Change.  If the APU/Winch System does not induce any negative steering or vehicle handling affects, or induce a wheel lift or cone contact at vehicle rated speed, the criterion shall be met.
	2.2.12

	
	22
	Ride and Handling. If the APU/Winch System does not induce any negative steering or vehicle handling affects, the criterion shall be met.
	2.2.13

	
	23
	Shock Loading.  If the APU/Winch System does not induce any Failure or Safety concern with vehicle shock loading winch, the criterion shall be met.
	2.2.14

	
	24
	Fleet Angle/Wire Hold down.  If the Winch Subsystem can perform at 90% capacity with a maximum fleet angle of 15 degrees, the criterion shall be met.
	2.2.15
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APPENDIX C. ABBREVIATIONS

	ADOCS
	Advanced On-Board Data Acquisition System

	APU
	Auxiliary Power Unit

	AR
	Army Regulation

	CG
	center of gravity

	COTS
	Commercial Off-The-Shelf

	DC
	direct current

	F
	Fahrenheit

	kW
	Kilowatt

	MSL
	Mean Sea Level

	MRAP
	Mine Resistant Ambush Protected

	O
	Objective

	PMCS
	preventive maintenance checks and services

	PVT
	Product Verification Test

	RAM
	Reliability, Availability, and Maintainability

	RH
	relative humidity

	RMS
	root mean square

	T
	Threshold

	TIR
	Test Incident Report

	TOP
	Test Operations Procedure

	VDC
	Volts Direct Current

	VDLS
	VISION Digital Library System

	VISION
	Versatile Information Systems Integrated On-line Nationwide
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