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0.0 Background
This document describes the accelerated corrosion/durability test procedure (CDT) for military vehicles.  Corrosion testing is combined with durability testing to improve our ability to evaluate the interaction between corrosion and physical stresses that act upon a vehicle.  The interaction of these stresses very often causes different service failures than might be revealed by either corrosion or durability testing alone. 

Due to the nature of military activities, the exact service environment of a specific vehicle can never be accurately forecasted.  In times of crisis, vehicles can be called to any environment in the world for an extended period of time.  Vehicles will need to effectively operate within all environments in order to ensure that no failures occur that can jeopardize soldiers' lives. In times of decreasing acquisition and maintenance budgets, it is important that weapon systems are acquired with an appreciation of the total life cycle cost of the system.  A compromise must be made between performance and maintenance requirements to obtain the best total life cycle cost benefit from selected material systems.  

The CDT will generate the appropriate information to determine what corrosion performance and maintenance requirements may be expected for vehicles in the target environment. It will not likely be cost-effective to design all vehicles for zero corrosion in the target environment.  However, given an expectation of the vehicle performance requirements, we can use the CDT test results to identify areas that do not provide the desired level of material performance (i.e., experience unacceptable levels of corrosion) leading to excessive maintenance or component failure.

1.0 US Army/MC Corrosion/Durability Test

1.1 Severity of Exposure  
The automotive industry has an extensive database on the severity of corrosion within its market and the corrosion requirements of its customers.  As a result they have developed test procedures to simulate years worth of cosmetic corrosion to test the corrosion resistance of their vehicles in order to satisfy the vast majority of its customers. The U.S. Army will derive their test procedure based on this experience.

The U.S. Army service environment is different than that of the commercial automotive customer.  Driving will include more off-road applications and hauling of heavy loads.  Vehicles may also undergo long periods of static exposure at training locations, or be pre-positioned at locations on the open sea.  Maintenance performed by military personnel will differ from a commercial automobile owner.  The impact of these variations is not known, but it is anticipated that the U.S. Army service environment will be as severe as the worst commercial environment, if not more severe.  As a result, the present test protocol establishes target corrosion penetration levels based on the most severe penetration used by General Motors (GM) in their proving ground test.  Table 1 provides the target corrosion weight loss levels.

Table 1

Test Year Cumulative Control Coupon Corrosion Weight Loss Targets
	Test Year
	Cumulative  Weight Loss (grams)
	Test Year
	Cumulative  Weight Loss (grams)

	1
	0.489
	12
	8.30

	2
	1.28
	13
	8.94

	3
	2.13
	14
	9.57

	4
	2.98
	15
	10.2

	5
	3.83
	16
	10.9

	6
	4.47
	17
	11.5

	7
	5.11
	18
	12.1

	8
	5.74
	19
	12.8

	9
	6.39
	20
	13.4

	10
	7.02
	21
	14.0

	11
	7.66
	22
	14.7


*Note: Weight loss values are for a 1008 steel coupon measuring 1x2x1/8-inch, having a total surface area of 30.65 cm2.

1.2 Corrosion Test Events
Many different environmental and physical stresses act upon a vehicle during its life.  The stresses affect different metals, plastics, coatings, greases, ceramics, etc. in different fashions.  There are also numerous different types of corrosion that act upon a vehicle in different circumstances and at different rates.  It is impossible to accurately develop a test that will simulate all stresses and corrosion mechanisms at the same level of simulated service, or “test years.”  The test procedure is set up according to commercial experience to best simulate corrosion phenomena that limit a vehicles useful life.  Specifically, this includes identifying the ability of the paint system to resist any types of defects, the identification of any crevice corrosion that may lead to rust bleed-out and corrosion staining, and identifying any corrosion that causes failure of any working components of the vehicle.  Vendor will be responsible for all failure analysis.  Corrosion test events are designed to:

· apply different corrosive contaminants that are likely to be present in different service environments; 

· work those contaminants onto/into all surfaces of the vehicle that may occur during the expected use of the vehicle; and

· create an environment where the corrosion caused by these contaminants will occur at an accelerated rate.  

Applying contaminants and working them onto/into all appropriate surfaces of the vehicle occurs simultaneously throughout the CDT test events.  The corrosion mechanisms are accelerated through the use of an environmental chamber that will maintain a high temperature, high humidity environment.  The amount of time spent within the chamber is used to control the severity of the corrosion on the test vehicles through the test.  The hierarchy of corrosion test events includes:

· Event refers to the lowest level of vehicle driving activity.  Each individual corrosion or durability input is considered to be an event.

· Cycle refers to the group of events that are completed in a driving period.  The sequence of events in Table 3 is considered to be a cycle.

· Phase refers to a test year.  One phase is composed of 10 cycles.

1.3 Expected Mission Profile 
The current corrosion/durability test was designed for an expected mission profile that includes driving on four different terrain shown below.

Surface 


 
Percentage of Travel 

Primary Roads (Paved Road)


10%

Secondary Roads (Gravel Road)


20%

Trails (Belgian Blocks)



30%

Cross Country (Rolling Hills)


40%

1.4 CDT Test Phase
The corrosion/durability test developed for the MTVR was designed to closely approximate the anticipated fielding of this vehicle.  The test phase was developed to closely match what type of driving terrain may be encountered and to accelerate the environment in which the vehicle will be operated.  The conceptual design of the daily test events is shown below.
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Figure 1.  Test Cycle Events
Ten (10) repetitions of this test cycle constitute one (1) test phase or test year.  This test cycle schematic shows all possible events, however, not all events will be used during each cycle.  This is because the rate at which corrosion occurs is accelerated differently at different times of the year.  This requires that the high humidity/high temperature exposure only be performed a few times during the phase.  When not performed the vehicle will be stored in ambient conditions.  

The CDT is required to be performed in 240 calendar days.  This includes all driving, non-driving, maintenance and post phase inspections.  The table below shows the current event schedule for one phase.  These events may be modified as needed or when all humidity exposures are not necessary.  The current table provides for five (5) humidity exposures per test phase; this is the maximum number currently estimated.

Table 2

Event Schedule for One Phase

	Day
	Time of Day

	
	0600-0800
	0800-1000
	1000-1200
	1200-1400
	1400-1600
	1600-1800
	1800-2000
	2000-2200
	2200-0000
	0000-0200
	0200-0400
	0400-0600

	1
	Driving
	Ambient
	Driving
	Humidity
	Ambient

	2
	Driving
	Ambient
	Driving
	Humidity
	Ambient

	3
	**Driving
	*Ambient
	Driving
	Humidity
	Ambient

	4
	Driving
	Ambient
	Driving
	Humidity
	Ambient

	5
	Driving
	Ambient
	**Driving
	*Humidity
	Ambient

	6
	Post Phase Inspections
	Ambient

	7
	Ambient (additional inspections or maintenance if necessary)


Washing is done twice per phase: after the fifth and tenth driving cycles or upon completion of any humidity exposure immediately succeeding those cycles (noted by an ‘*’ above).  Fording is done prior to the fifth and tenth driving cycles (noted by an ‘**’ above).  This is done after washing events to avoid removal of the salt-water contaminants from fording.  Excluding any downtime due to mechanical failures, this phase is completed in seven calendar days, resulting in the test completion (excluding final teardown inspection) in 154 calendar days.  This assumes a six day work week and does not account for any holidays that may occur during the test period.

1.5 Driving Test Events  
Several different test events are included in the Accelerated Corrosion Test.  Each event is a corrosion and/or a durability input. These test events are based on the requirements established in the 1980's development of the CDT, which have been recently modified to reflect the current state-of-the-art in vehicle corrosion durability testing.

The events are combined into a driving cycle as shown in Table 3.  Typically two driving cycles are executed each working day.  Ten (10) driving cycles, along with the humidity chamber exposures necessary to achieve the target corrosion rates shown in Table 1, constitute one “test year.”


Table 3


Daily Driving Test Cycle
	Laps
	Event
	Miles

	--
	Grit Trough
	--

	2
	Primary Roads (High Speed Test Track)
	2.0

	--
	Grit Trough
	--

	9
	Cross Country (Rolling Hills)

Secondary (Access to Cross Country)
	7.2

1.7

	--
	Grit Trough
	--

	8
	Trails (Belgian Blocks)

Secondary (Access to Trails)
	5.6

2.0

	--
	Salt Splash/Mist
	--

	1
	Primary Roads (High Speed Test Track)
	1.0

	--
	Grit Trough
	--

	8
	Cross Country (Rolling Hills)

Secondary (Access to Cross Country)
	6.4

1.7

	--
	Grit Trough
	--

	7
	Trails (Belgian Block)

Secondary (Access to Trails)
	4.9

2.0

	--
	Grit Trough
	--

	2
	Primary Roads (High Speed Test Track)
	2.0

	--
	Salt Splash/Mist
	--

	9
	Cross Country (Rolling Hills)

Secondary (Access to Cross Country)
	7.2

1.7

	--
	Grit Trough
	--

	7
	Trails (Belgian Block)

Secondary (Access to Trails)
	4.9

2.0

	--
	Grit Trough
	--

	2
	Primary Roads (High Speed Test Track)
	2.0

	--
	Grit Trough
	--

	8
	Cross Country (Rolling Hills)

Secondary (Access to Cross Country)
	6.4

1.7

	--
	Grit Trough
	--

	8
	Trails (Belgian Block)

Secondary (Access to Trails)
	5.6

2.0


*Note: Prior to the fifth and tenth cycles of a phase, the vehicle will be forded to a 60-inch depth.  Following the last salt mist event during a phase the vehicle windows will be rolled down, exposing the cab interior to this harsh environment.  The vehicle will be subject to the frame twister after 2nd and 22nd phases.

Following are descriptions of each of the test event requirements.  The descriptions are intended to describe the actual testing to be conducted, but are not necessarily a comprehensive test specification.

1.5.1 Salt Solution Applications

The salt solutions used for this test contain contaminants representative of elements found in the various natural environments that the vehicle will operate within.  These contaminants can include airborne chlorides, deicing salts, among others. Two solutions will be used for corrosion/durability testing.  The first solution is used exclusively for the salt splash portion of the corrosion course.  This is a 5% by weight sodium chloride solution.  The second solution is used for the grit trough and salt mist portions of the corrosion course, its chemical makeup is listed below.  This solution must be carefully prepared to avoid formation of precipitates.  The sodium bicarbonate must be dissolved separately in water and then added to the solution of the other materials.  If all solids are added together dry, an insoluble precipitate can form.  This solution has the following mixture percentages:


0.9% Sodium Chloride (NaCl)


0.1% Calcium Chloride (CaCl2)

· 0.075% Sodium Bicarbonate (NaHCO3)

1.5.1.1 Grit Trough

Purpose.  The purpose of the grit trough is to introduce small particles into various crevices and joints of the underside of the vehicle.  Grit will accumulate in the crevices and on remote surfaces.  The accumulated grit, or poultice, will increase the time of wetness underneath its surface and keep contaminants against the surface of the vehicle.  The grit also adds some abrasive stresses to the coatings and other material systems they contact.  

Physical Layout.  The trough will be roughly 75 feet long with sloping entrance and exits on each end.  The grit depth should be maintained at approximately 4 inches.  Bumps will be added to the trough to induce body twisting and flexing.  The grit used within the trough will contain a variety of fine particles such as fire clay, limestone dust, washed sand, and water.  The solids will be mixed in equal parts by volume.  Water should be added at a ratio of 6:1 (salt solution to solids).  Final consistency is liquid rather than mud like.  Salinity will be adjusted to 1% by addition of a concentrated salt solution (9 parts NaCl to 1 part CaCl).  The grit trough should appear consistent in composition prior to initiation of the exposure.  This can be accomplished by an initial pre-pass drive of the vehicle through the trough to mix up the material.  The test vehicle should pass through the trough at speeds of 15(1 mph.  Observation of the consistency of the grit trough solution will be made weekly.  The grit trough will be recharged monthly or as needed.  Salinity of the grit trough will be measured twice weekly.  Adjustments will be made to keep salinity around 1%, ( 0.5%.

1.5.1.2 Salt Splash/Mist  

Purpose.  The purpose of this facility is to apply a salt spray solution to all surfaces of the top, bottom, and sides of the vehicle.  As the name implies, it consists of two facilities – a shallow trough of salt water which splashes the vehicle underside and a booth in which the salt water is misted over the vehicle.  The vehicle will pass through each facility as part of this test cycle.

The purpose of the salt splash trough is to expose the undercarriage of the vehicle to high concentration salt solutions that will be present on roadways, typically from road deicing salts.  The application includes exposure to fine mists from elevated speed travel.

The salt mist booth applies the corrosive salt solution to all areas of the vehicle by creating a fine mist all around the vehicle.  Once per phase (during the last mist event) the driver and passenger windows will be rolled down immediately following the misting activity (but prior to fog dissipation).  This is done to expose the inside of the vehicle to corrosive contaminants it would see during operation in a coastal environment.

Physical Layout – Salt Splash Trough.  The salt splash trough is approximately 75 feet long.  The salt splash solution is a 5%, ( 0.5% NaCl solution, by weight, mixed with potable water. The vehicle will pass through the trough four times, each at a different entry speed – 40, 30, 20, and 10 miles per hour.  The intent of the varying entry speeds is to ensure a variety of wetting scenarios that uniformly yet realistically wet the underside of the vehicle.  As a result, the entry speeds may be modified as necessary to achieve uniform and realistic wetting of different vehicle systems.  The solution level will be checked daily to ensure a consistent depth of nominally 0.5-inch.  The salt solution concentration for the area will be checked weekly.  If the ambient temperature is expected to fall below the freezing point of the solution, all liquid will be drained from any unheated components of the distribution system.  

Physical Layout – Salt Mist Booth.  The salt mist booth is an enclosed work bay.  Spray nozzles are positioned across the sides and top of the facility to provide full salt spray application to all exterior surfaces on the top, sides, front, and back of the vehicle.  Nozzle positioning may be optimized for each separate vehicle design that undergoes testing to ensure that all surfaces are properly wetted.  The vehicle remains stationary in the salt spray booth.  The entrance and exit doors to the facility are closed during spraying to ensure that any wind will not affect the spray pattern.  The spray time will be until the vehicle is completely saturated, approximately one minute.  The level and chemistry of salt solution will be monitored daily, along with solution temperature.  The spray nozzles will be inspected weekly along with all of the equipment associated with the holding tank, mixing tank, and spray application system. 
1.5.2 Secondary Roads (Gravel Road)

Purpose.  The purpose of the secondary road is to impart coating damage caused by stone impingement on the underbody of the vehicle.  The gravel road also provides a high-frequency, low amplitude input on the underbody and other body components, which may act as abrasive forces.  Secondary roads are also traversed in the process of accessing the Trails and Cross-Country Roads.

Physical Layout.  An improved gravel road course will be used to provide secondary road mileage.  The course is a loop of about 2.1 miles with left and right curves.  The surface is compacted gravel maintained by grading.  The course is traveled at varying speeds consistent with safe vehicle operation.  Maximum traveling speed is expected to be 45 miles per hour.

1.5.3 Cross-Country Road (Rolling Hills)  

Purpose.  The purpose of this portion of the test is to subject the vehicle to twisting and turning motions associated with traveling on cross-country terrain.  In order to access the cross-country road, the vehicle must traverse 1.7 miles of Secondary Roads (see above).

Physical Layout.  Cross-country road will be simulated using a rolling hill course.  The course was designed to provide short, closely spaced grades.  As a vehicle alternates between up-grades and down-grades on this course, the engine and power train are subjected to rapid variations in loading.  The surface consists of crushed stone compacted with stone dust binder.  The course is 0.4 mile in length and contains a paved turn-around section at either end.  Each “lap” consists of two passes through the facility for a total of 0.8 miles.  The section will be traveled at 10-15 miles per hour.

1.5.4 Trails  (Belgian Block)

Purpose.  The purpose of this portion of the test is to subject the vehicle to intermediate frequency and force inputs typical of trails.  In order to access the cross-country road, the vehicle must traverse 2.0 miles of Secondary Roads (see above).

Physical Layout.  The facility consists of 0.7 miles of a Belgian Block course.  The facility is paved with unevenly laid granite blocks forming an undulating surface.  It duplicates the rough cobblestone road found in many parts of the world.  The course is useful as a standard rough road for accelerated tests of wheeled vehicles, and is generally included in cycles of courses for vibration studies.  The motion imparted to a vehicle is a random combination of roll and pitch and high frequency vibrations imparted by the granite paving blocks.  The section will be traveled at 22 miles per hour.

1.5.5 Primary Roads (Paved Road)  

Purpose.  The purpose of the paved road is to induce high frequency vibration forces on joints and strain underbody components.  These forces may cause some abrasive action.  Higher speeds may also drive contaminants into crevice areas.

Physical Layout.  The high-speed test track is an evenly paved surface capable of allowing continuous travel of the vehicle at 50 mph.  The oval-shaped facility consists of two straight sections, each 0.25-mile long, joined at each end by 0.25-mile sections of regular curvature to form an oval totaling 1 mile in length.  The driver will enter the high-speed test track area and accelerate the vehicle to a maximum speed of 50 mph.  The speed will be maintained for the designated number of laps, with slowing allowed only as required for safety purposes.  Primary road travel will also be done at the Munson Test Course.  Here several sections of asphalt paved road are maintained for access to test sections or for high-speed travel.  These will also be utilized for primary road testing.

1.5.6 Frame Twister

Purpose.  The purpose of the frame twister is to provide a dynamic flexural input to the vehicle at the beginning and end of the test.  The frame twister will be executed after phase 2 and phase 22.  The purpose of executing the frame twister after cycle 2 is to flex the joints and allow initiation of corrosion in broken joints and seams early in the test.  The purpose of the frame twister at the end of 22 years is to fully stress all structural components to ensure integrity after the cumulative corrosion.

Physical Layout.  The frame twister consists of out-of-phase conical hills.  As the vehicle passes through the track, the frame is worked in a twisting motion. 

1.5.7 Fording Basin
Purpose.  The purpose of the fording basin is to simulate a beachfront landing.  This basin will contain a 3% by weight salt-water solution to simulate salinity conditions found in seawater.  This event will introduce corrosive waters (salt-water) into most areas of the vehicle below 60-inches.  Timing of this event is after washings to assure that the fording pond does not remove contaminants from the vehicle.  This may increase corrosion in areas (below the fording level) where contaminants do not easily collect (i.e., crevices).

Physical Layout.  The fording basin measures 197-feet in length and 20-feet in width.  At both ends of this trough is a sloping entrance measuring 48.5-feet in length.  At the end of this ramp, the vehicle is immersed to a depth of 60-inches for a total distance of 100-feet.  Exit is through a ramp similar to that used for entrance.

1.6 Non-Driving Test Events

Subsequent to each driving cycle, the vehicle will either be placed in a humidity chamber to accelerate corrosion or be placed in ambient storage to allow natural corrosion to take place.  The humidity chamber will only be used as necessary to achieve the target corrosion rates provided in Table 1.  Following are descriptions of the two storage conditions.

1.6.1 Humidity Chamber  

Purpose.  The purpose of the humidity chamber is to create high temperature and humidity conditions that will accelerate the natural corrosion process.  In effect, the booth will accelerate the reaction of the contaminants applied by the different test events with any exposed material on the vehicle.

Physical Layout.  The humidity chamber has a working area sufficient to hold the vehicle being tested.  Appropriate equipment is required to measure and also control the temperature and humidity at the specified levels.  Circulation fans will be present to provide a moderate flow of the high humidity air throughout the chamber.  The temperature will be held at 120 F, ( 5 degrees.  The relative humidity will be maintained at 100% in a condensing state.  The resulting water fog will provide a condensation rate of 1-2 ml/hour in collection devices having a horizontal collection area of 80 cm2.  During designated test cycles, the vehicle will be placed into the humidity chamber for an eight (8) hour period.  The temperature and humidity will be maintained at the specified levels for the duration of exposure. 

The test vehicle will be placed into the humidity chamber as necessary to achieve the target corrosion rates in Table 1.  As a starting point, it is believed that between 2 and 5 humidity chamber exposure periods will be required for each phase.  The estimated number of exposure periods for each month is listed in table 4.

Table 4

Estimated Humidity Exposures

	Month

of the

Year
	Humidity Exposures Per Phase*

	January
	5

	February
	5

	March
	5

	April
	4

	May
	4

	June
	3

	July
	3

	August
	2

	September
	2

	October
	4

	November
	5

	December
	5


*Note that this is a starting point only and is based upon test performance at Aberdeen Test Center, MD.  The actual number of humidity chamber periods per phase will be adjusted as necessary to achieve the target coupon corrosion rates.
1.6.2 Ambient Storage  

During many portions of the test duration, the vehicles will not be participating in any test events.  During these times, the vehicle will be stored at ambient conditions in a sheltered location.  The facility should be kept relatively protected from the environment.  The location could be used for PMCS activities, inspections, photographs, and other miscellaneous activities.  

1.6.3 Vehicle Washing

The vehicle shall be washed twice during each test phase.  The washing will take place immediately after cycles 5 and 10.  The washing is intended to prevent unrealistic buildup of poultice on the vehicle.  Washing shall consist of high-pressure potable water wash.  During driving cycles where the cargo dropsides are stowed beneath the fording level, washing will include removal of these and rinsing with high-pressure potable water.  

1.6.5 End-of-Phase Inspection

At the end of phases 1, 3, 5, 7, 9, 11, 13, 15, 17, 19 and 22 an in-depth inspection will be carried out that documents the corrosion observed.  During these inspections test incident reports (TIR’s) are generated, and vehicle condition is photo-documented.  Appendix A contains the rating methods and criteria to be followed during these inspections.

After the 7th, 15th, and 22nd phases the inspection will include personnel from TACOM and other interested parties.  After the 22nd phase, a complete teardown inspection will be conducted.  This will include disassembly of significant vehicle components and systems, opening of lap seams and other crevice areas, and removal of sheet metal as required to fully determine the extent of vehicle corrosion. 

During the test any failed driveline/engine/mechanical components shall be removed and replaced as necessary to ensure that the vehicle is fully operational.  The failed parts will be evaluated to determine the cause of failure.

1.6.6 End-of-Phase Equipment Exercise

At the end of each test phase (10 cycles), the windshield frame, dropsides, tailgate hinges, telescoping ladders and all access provisions for annual maintenance actions will be exercised.  Force required to reduce and re-erect the cab, to exercise the windshield frame, dropside and tailgate hinges and to extend and retract the telescoping ladders will be recorded.  If the force is excessive, as determined by the MTVR Corrosion Team or its designee, the item shall be lubricated per the vehicle manufacturer’s technical manuals.

1.6.7 Vehicle Loading

The test vehicle shall be loaded in accordance with the schedule shown in table 5:

Table 5

Loading Schedule

	Load
	Test Phases

	None
	1 through 3

	100% of Rated Cross Country Payload, ISO Configured
	4 through 5

	100% of Rated Cross Country Payload, non-ISO Configured
	6 through 7

	None
	8 through 10

	75% of Rated Cross Country Payload, ISO Configured
	11 through 12

	75% of Rated Cross Country Payload, non-ISO Configured
	13 through 14

	None
	15 through 18

	100% of Rated Cross Country Payload, ISO Configured
	19 through 20

	100% of Rated Cross Country Payload, non-ISO Configured
	21 through 22


1.7 Test Monitoring Coupons and Panels

A variety of coupons and panels shall be exposed on the vehicle.  The coupons and panels monitor the test severity for quality control purposes.  More importantly, they provide feedback, which allows for adjustment of the test variables so that target corrosion is achieved throughout the test.  Coupons placement will be determined during pre-test efforts.  Monitoring coupons and panels include: 

1.7.1 Weight loss coupons 

Weight loss coupons are made from 1008 steel and measure 1-inch by 2-inch by 1/8-inch.  A total of 24 coupons will be installed on each rack allowing for duplicate pairs to be removed at each evaluation (a total of 12 evaluations will be performed).  Cumulative weight loss coupons will be removed at 1, 2, 3, 5, 7, ..., 21 and 22 phases, incremental weight loss coupons will be removed after each phase.  Any corrosion on these coupons will be removed by glass bead blasting and the weight loss due to this corrosion will be recorded.  During these evaluations the outer most coupons (coupons 1 and 24) on each rack will be removed and replaced with new coupons.  Thus, for each evaluation, interval and cumulative corrosion rates will be measured.  

Weight loss measurements are used to monitor the severity of corrosion the vehicle is subjected to throughout its evaluation.  If weight loss is out of compliance with the targets outlined in Table 1, the number of humidity chamber cycles should be increased or decreased during the next phase to bring the cumulative weight loss in line with the targets.  These coupons are also placed at other locations on the vehicle to gage the severity of exposure.  These locations are used for informational purposes only, the coupons located directly behind the front tire are those used to control the test.

1.7.2 Painted Galvanized Panels 

SAE standard automotive paint system applied over galvanized panels will be used.  These panels measure 2-inch by 4-inch and will have an intentional scribe down the center.  Duplicate panels will be placed at various locations on the vehicle’s cab.  The panels will be inspected for scribe creepage (visible underfilm corrosion, typically noted by blistering) after each phase (test year).  The coated panels are used for comparison to SAE’s database for similarly coated panels evaluated using their test facilities.

1.7.3 Cold-Rolled Steel Panels 

SAE standard automotive paint system applied over cold-rolled steel panels will be used.  These panels measure 2-inch by 4-inch and will have an intentional scribe down the center.  Duplicate panels will be placed at various locations on the vehicle’s cab.  The panels will be inspected for scribe creepage (visible underfilm corrosion, typically noted by blistering) after each phase (test year).  The coated panels are used for comparison to SAE’s database for similarly coated panels evaluated using their test facilities.

1.7.4 Other Test Panels
Other test panels may be located on the test vehicle.  These may include aluminum panels with various coating systems, aluminum weight loss coupons, crevice box panels/coupons, etc.  These samples will be used for informational purposes only and will not be used to gage the test or any component of the test vehicle.  These samples must also be located on the vehicle so as not to interfere with test performance or evaluation.

2.0 Evaluation Techniques

2.1 Scribe Cutback/Creepage
A scribe is an intentional defect made through a coating system to the substrate it is applied over.  These defects are typically linear in nature and are made by repeatedly passing a razor knife or other scribing tool over a coating, using a straight edge as a guide, until the substrate is reached.  This test is used to determine the systems ability to inhibit underfilm corrosion.

Underfilm corrosion is identified as blistering of the paint directly adjacent to this defect.  The maximum distance this occurs at on either side of the intentional scribe is measured.  The total cutback is the sum of these values.  When filiform corrosion (threadlike structures following a specific direction) is present special consideration must be given.  The measured cutback now has two components.  The first is the same as above, the second follows the same technique, but measures the maximum distance of filiform corrosion propagation.  Figures A1 and A2 show sample scribes and measurements to be made on each.
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Figure 2.  Scribe Cutback Measurement Technique.
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Figure 3.  Scribe Cutback Measurement Technique With Filiform Corrosion Propagation.

2.2 Stages of Corrosion
Stages of corrosion will be rated on a 0 to 4 scale.  This system is visual in nature and provides a numerical value corresponding to the type of cosmetic corrosion present and the effect of the corrosion upon the substrate.  The table below shows the rating system to be used:

Table 6

Rating Scale
	Stage
	Description

	1
	The painted surface is blistered or there is visible red, black or white surface corrosion through the coated or on the uncoated surface.  Minor etching or pitting of the metal may accompany this condition.  In Stage 1 corrosion, no scale is present, but the metal may have loose, powdery or granular deposits on the surface.  Base metal is sound.

	2
	Powdered, granular or scaled condition exists on the surface metal.  Red, black or white surface corrosion is present.  Metal surface may be etched or pitted.  Metal beneath the corroded area is still sound.

	3
	Surface conditions are similar to Stage 2 except that metal in the corroded area is unsound and small pinholes may be present.

	4
	Corrosion has advanced to the point where the metal has been penetrated throughout.  No metal remains at the point of severest corrosion.  There are holes in the surface or metal is completely missing along the edges.


2.3 Weight Loss
Weight loss measurements are only used for corrosion rate coupons.  These are 1008 steel coupons used to measure the severity of exposure throughout the test.  Coupons measure 2 by 1 by 1/8-inch.  Each is cleaned with acetone and weighed prior to exposure.  Following exposure coupons are removed and glass bead blasted to remove any corrosion product.  Following this they are again cleaned with acetone and re-weighed.  The amount of weight loss is compared to target weight loss values.  These values are plotted along with the target and error values for desired weight loss to determine if the test is operating within specification.

2.4 Crevice Corrosion

Crevice corrosion is of great concern for vehicles.  This type of corrosion can occur at an accelerated rate during normal driving since these areas have less of a tendency to completely dry out once poultice and contaminants are present.  However, since it takes time for these contaminants to build up a proving ground corrosion test generally does not accelerate crevice corrosion in vehicles to the same extent that cosmetic corrosion is accelerated.  During a test intended on simulating many years of cosmetic corrosion, for example 22 years, only a fraction of that may be equated to the simulation of crevice corrosion, for example 2 to 3 years.  Because of this decreased acceleration rate crevice corrosion must be evaluated differently than cosmetic corrosion.

Crevice corrosion is typically a localized attack of the substrate.  Because of this the above rating scale may not apply to these areas.  Therefore, crevice corrosion shall be evaluated as follows:

2.4.1 Crevice Corrosion Evaluation

In the course of each post-phase inspection, the vehicle shall be examined for the presence of any corrosion products emanating from a crevice geometry, and the results documented. Evidence of visible red rust or other corrosion products coming from a crevice geometry at the completion of the CDT, shall warrant further teardown and evaluation of the respective crevice geometries.

During the post-test teardown, crevice geometries will be disassembled and inspected for signs of crevice corrosion.  The areas inspected will include areas of interest identified before, during and after accelerated corrosion testing.  

· If crevice corrosion is detected in steel components, the crevice area will be cross-sectioned to allow for metallographic analysis.  This will provide a measure of the amount of galvanizing left within a certain area, and also measure the amount of crevice penetration into the substrate.  In addition, general corrosion penetration measurements will be made to determine the depth of general and/or pitting corrosion attack.  When projected out to 22 years there shall be no crevice corrosion penetration of any structural (load bearing) material that results in a factor of safety of less than 1 (design load).  For non-structural materials there shall be no perforation when projected out for 22 years.  Degradation that impacts safety will not be allowed.

The following method for the projection of galvanized steel crevice corrosion shall be used:

Life = X+Y+Z

X=
crevice corrosion real-time equivalency of the CDT,

Y=
projected time to bare substrate, and

Z=
years of crevice corrosion sustainable before design safety factor is reduced to 1 using the equation Z = t/rc, where t = allowable metal thickness loss and rc = crevice corrosion rate (15 mils/yr for steel).

The corrosion product on galvanized steel will likely be white rust and possibly containing pits, the presence of red rust will be scored a failure. 

The following method for the projection of steel crevice corrosion shall be used:

Life = X+Z

X=
crevice corrosion real-time equivalency of the CDT, and

Z=
years of crevice corrosion sustainable before design safety factor is reduced to 1 using the equation Z = t/rc, where t = allowable metal thickness loss and rc = crevice corrosion rate (15 mils/yr for steel).

The corrosion product on steel will be red rust and possibly containing pits.  The loss of metal resulting in structural instability (thickness below a design safety factor of 1) or penetration will be scored a failure.

· For all sealed aluminum crevice geometries, there should be no corrosion present.  If crevice corrosion is detected in unsealed aluminum components, the crevice area will be cross-sectioned to allow for metallographic analysis.  This will allow for measurement of the penetration of corrosion within the crevice.  In addition, general corrosion penetration measurements will be made to determine the depth of general and/or pitting corrosion attack. When projected out to 22 years there shall be no crevice corrosion penetration of any structural (load bearing) material that results in a factor of safety of less than 1 (design load).  For non-structural materials there shall be no perforation when projected out for 22 years.  Degradation that impacts safety will not be allowed.

The following method for the projection of aluminum crevice corrosion shall be used:

Life = X +Z

X=
crevice corrosion real-time equivalency of the CDT, and

Z=
years of crevice corrosion sustainable before design safety factor is reduced to 1 using the equation Z = t/rc, where t = allowable metal thickness loss and rc = crevice corrosion rate (1 mil/yr for aluminum).

3.0 Preventative Maintenance Checks and Services (PMCS)
Vehicle maintenance during the test shall consist of 1st and 2nd Echelon PMCS (before, during and after operations, weekly, monthly, quarterly, etc., checks and services).  Lubrication of oilcan points shall be done as necessary.  Other vehicle lubrication shall be done in accordance with the manufacturer’s lubrication order.  PMCS, maintenance and lubrication shall be performed based upon actual elapsed time or mileage.  Upon completion of any test cycle in which the vehicle fords a 60-inch depth of salt water, all fittings below the fording depth shall be lubricated in accordance with the lubrication order and component lubricants shall be changed according to the TM.

3.1 Unscheduled Maintenance

Maintenance of the vehicle will also be done such as to keep the vehicle operational.  This includes lubrication of hinges and latches, replacement of brake and suspension components, etc.  When lubricating, care must be taken to not over lubricate the component(s).  Only enough oil (or other appropriate lubricant) to maintain functionality of the component should be used.  Any excess must be immediately wiped from the lube point and from any other places on the vehicle, where oil may have dripped, to prevent contamination.

3.2 Coating System Repair Procedures

Coating repair shall be performed as described herein.  Following the first phase of testing, no coating repairs are to be performed.  During each subsequent post phase inspection, the test director will act as Second Echelon PMCS in the capacity as to recommend coating repair due to damage from the test.  The vehicle manufacturer’s on-site representatives will perform coating repair procedures.  These repairs shall be performed in accordance with the paint repair procedures contained in the vehicle TMs or IETMs.  Coating repair shall be governed by the guidelines below.

1. Coating repair shall be limited to the paint and undercoating systems applied to the major sheet metal subassemblies of the test vehicle and shall occur only if the underlying metal substrate is exposed.

2. No repairs shall occur on any component where damage is a direct result of corrosion occurring on the metal surface.

3. Coating repair shall be allowed on areas where paint loss is caused by physical damage (i.e., stone chipping) that is a direct result of the corrosion/durability test.

4. Coating and sealant repair shall be allowed on areas of the vehicle where damage has occurred through accident during the corrosion/durability test or maintenance.

5. Coating and sealant repair shall be allowed on areas of the vehicle that were damaged as a result of the failure of another component as a direct result of the corrosion/durability test.

6. Following repair, the affected area shall be monitored throughout the remainder of the test.  If damage to the coating system occurs in the same area, no further repair shall be made and the affected area shall continue to be monitored.  These areas shall count towards the overall surface area of the vehicle affected by corrosion.

3.3 Scheduled Preventative Maintenance Checks and Services

Table 7 lists all of the PMCS requirements of this vehicle during the test and the mileage at which the maintenance is required.  This list will be strictly adhered to during PMCS activities, with any other maintenance occurring only as outlined above, or as required to maintain functionality.
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