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Appendix F

Frame Rail Corrosion-Fatigue Failure

Inspection

I. PURPOSE OF INSPECTION

The purpose of this inspection is to establish the capability of the inspected vehicle to perform its assigned missions based on the remaining life of the frame rails and to establish a value of 1 to 4 based on the thickness of the frame rail at critical locations.

Using the ultrasonic thickness gage, personnel will be able to evaluate the fleet of HMMWV's on a periodic basis and to ascertain which vehicles will be able to perform any mission profile over the toughest terrain and conditions; ascertain those vehicles which have sufficient corrosion to reduce the thickness of the frame rails to the point where the vehicle will have reduced capability to perform a mission profile; ascertain those vehicles which will not be capable of mission operations other than on smooth roads; and ascertain those vehicles which need to be deadlined immediately as non-mission capable until the frame rails are replaced and other damaged components are replaced.

II. PRINCIPLES BEHIND ULTRASONIC MEASUREMENTS

The ultrasonic measurement of the frame rails provides a means to accurately assess the thickness of the steel in selected locations.  The gage consists of a probe which emits a "ping" and records when the "ping" returns.  Knowing the time to hear the ping, the gage calculates the thickness by dividing time by two and dividing the time value by the known speed of sound traveling through a metal substrate.  The result is the thickness of the metal.  The recommended gages utilize the principle of multiple echoes to discriminate between solid metal substrates and corroded metal which has delaminations or spalling of the substrate.  The ultrasonic thickness gage is a Panametrics, Inc., 26DL model (NSN 6635-01-258-6792).

III. DEVELOPMENT OF FRAME RAIL CONDITION VALUES

Taking ultrasonic readings of the frame rails without measuring at specific points and knowing the design thickness if the frame rails will not produce meaningful information to evaluate the rails.

To properly assess the rails, historical data from strain gage tests were gathered.  This information has been amassed over nearly 15 years of testing and at various test sites.  The strain gage testing identified those areas where the highest stresses take place.

Corrosion has a major impact on the fatigue life of the rails.  Unfortunately, this is a less precise science, and the fatigue life of the rails is reduced using an atlas of s-n curves for the frame rail steel rather than actual measurements.

By matching the Finite Element Analysis of the frame rail results with the strain gage measurements, the confidence level of the parametric FEA results will increase dramatically.  This combination is a blending of real numbers with the theoretical.

Initially, the frame rail will be analyzed with the steel thickness undiminished.  The frame rail thicknesses will be reduced based on the observed areas of the rails where perforations occurred or in the area of tooling holes where the metal was razor thin.  At least four iterations will be run to measure the effects of the thinning of the rails was well as the reduction of the fatigue life due to corrosion.  This will yield results which will define capability of the rails to meet a mission profile or to indicate which vehicles will no longer be capable of performing a mission profile.  These latter vehicles need to be removed from service and repaired or replaced.

IV. PROCEDURE

A. EQUIPMENT REQUIRED

Inspection Instruction Booklet
Flashlight/Trouble Light

Chalk or Wax China Marker
Tape Measure

Stiff Bristled Brush
Vehicle Inspection Report

Solvent Cleaner/Aqueous Cleaner
Penetrant Dye

Ultrasonic Material Thickness Gage (NSN 6635-01-258-6792)

B. CONDUCT OF INSPECTION

1. Locate the vehicle to be inspected on a wash rack and thoroughly clean the chassis.  Remove all mud build-up in the control arms, the chassis crossmemebers, and the springs and spring seats.

2. Allow vehicle to dry.

3. Place the vehicle on a safety rated hoist or washrack with sufficient clearance to permit an inspector to stand upright under the vehicle.

4. Prepare a vehicle inspection report for each vehicle using a form similar to the attached.

5. Record the following information:

a) Unit HMMWV is assigned to:

b) Date of inspection:

c) Inspector's name, rank, or title.

d) Record the vehicle model number from the data plate.

e) Record the vehicle national stock number from the data plate.

f) Record the vehicle build date from the data plate.

g) Record the vehicle serial number from the data plate.

h) Record the vehicle mileage (from the odometer).

6. Using the locations and dimensions shown in the instruction booklet, locate the test measurement points with tape measure and straight edge on the frame rails.  Mark the locations with chalk or wax china marker.  Note that each grid on the attached maps are 5” by 5”.

7. Calibrate the ultrasonic thickness gage using the provided calibration sample before recording frame rail values.

8. Using the ultrasonic thickness gage, record the thickness readings on the inspection report chart.

a) At each location, take three readings within a one-inch diameter.

b) Average the three readings and record on the inspection report chart.

9. With a flashlight or electric trouble light, carefully inspect the frame rails beginning at the front end of the frame rail and work toward the rear.

10. Record any observed cracks in the frame weld seam along the bottom of the frame rail.  Use dye penetrant to determine the extend of the cracks.

11. Record any deterioration/erosion of metal in the areas surrounding visible tooling holes in the rails (reference chart in the instruction booklet).

12. Record any perforations or lifting of steel material on the frame rails.

13. After recording all ultrasonic measurements from the frame rails and recording chassis corrosion, refer to the instruction booklet for rating the frame rails and chassis.

14. Record the rating on the Vehicle Inspection Report.

15. Notify the appropriate command of the rating of each vehicle inspected.
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HMMWV MISSION PROFILE RATING SCALE

WITH CORRODED FRAME RAILS

	VEHICLE TYPE
	FRAME RAIL THICKESS RANGE (LOCAL DZEO)
	MISSION PROFILE CAPABILITY
(NOTE 1, 2, 3, &4)
	RAIL SECTION

	SHELTER CARRIER  (LOAD CASE 1)

M1042, M996, M997, M1037, 

M996A1, M997A1, 

M997A2
	.120” - .100”

.100” - .075”

.075” - .060”

.060” - .020”

.020” - .000”
	FULLY MISSION CAPABLE

FULLY MISSION CAPABLE

MISSION CAPABLE

REDUCED MISSION CAPABILITY

NOT MISSION CAPABLE
	FIGURE 10

FIGURE   9

FIGURE   8

FIGURE   7

FIGURE   6

	UTILITY VEHICLE WITH PAYLOAD
(LOAD CASE 2)

M998, M1035, M1038, 

M988A1, M1035A1, M1038A1, M1097A1, M1035A2, M1097A2, M1123
	.120” - .100”

.100” - .075”

.075” - .060”

.060” - .020”

.020” - .000”
	FULLY MISSION CAPABLE

FULLY MISSION CAPABLE

FULLY MISSION CAPABLE

MISSION CAPABLE

NOT MISSION CAPABLE
	FIGURE 10

FIGURE   9

FIGURE   8

FIGURE   7

FIGURE   6

	ARMAMENT CARRIER (LOAD CASE 3)

M966, M1025, M1026, M1036,

M966A1, M1025A1, M1026A1,

M1025A2
	.120” - .100”

.100” - .075”

.075” - .060”

.060” - .020”

.020” - .000”
	FULLY MISSION CAPABLE

FULLY MISSION CAPABLE

FULLY MISSION CAPABLE

MISSION CAPABLE

NOT MISSION CAPABLE
	FIGURE 10

FIGURE   9

FIGURE   8

FIGURE   7

FIGURE   6

	ARMAMENT CARRIER WITH SUPPLEMENTAL ARMOR (LOAD CASE 4)

M1043, M1044, M1045, M1046, 

M1043A1, M1044A1, M1045A1, M1046A1, M1043A2, M1045A2
	.120” - .100”

.100” - .075”

.075” - .060”

.060” - .020”

.020” - .000”
	FULLY MISSION CAPABLE

FULLY MISSION CAPABLE

FULLY MISSION CAPABLE

MISSION CAPABLE

NOT MISSION CAPABLE
	FIGURE 10

FIGURE   9

FIGURE   8

FIGURE   7

FIGURE   6


NOTE:  A MISSION PROFILE IS DEFINED AS THE ABILITY TO TRAVEL CROSS COUNTRY AT GROSS VEHICLE WEIGHT AND ON HIGHWAY AND SECONDARY ROADS AT GVW AT SPEEDS CONSISTENT WITH NORMAL, SAFE, MILITARY SPEEDS

HMMWV MISSION PROFILE RATING SCALE WITH CORRODED FRAME RAILS

NOTE1:
FULLY MISSION CAPABLE means there are no restrictions on vehicle operating parameters or payload up to a design impact load of 3G vertical.

NOTE 2:
MISSION CAPABLE means that there are no restrictions on vehicle operating parameters or payload up to a design impact load of 3G vertical except the vehicle speeds and terrain passage should be dictated by due care.  Due care is the recognition that the frames have minor strength reduction due to corrosion.

NOTE 3:
REDUCED MISSION CAPABILITY means the corrosion damage is severe and that the payload and vehicle cross country operating speeds should be reduced.

NOTE 4:
NOT MISSION CAPABLE means the corrosion damage is so severe that the vehicle can not perform a mission profile.  The vehicle frame rails stresses exceed the yield limits of the frame rail steel.  These frame rails must be replaced.

CAUTIONARY NOTE: Frame rail corrosion rates vary depending on the operating environment.  Frame rails in corrosion environments may erode at the rate of 2 mils (.002”) to 18 mils (.018”) per year depending on the severity of the environment.  This must be evaluated in determining the future corrosion rates of the frame rails.
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NOTE: IF ANY OF THE MEASUREMENTS EXCEED 150 INCHES, THEN THE RAIL
STEEL HAS SHALED AND THERE IS MASSIVE CORROSION WITHIN THE FRAME
RAIL. THE MAXIMUM RECORDED VALUE ON A NEW, CLEAN RAIL SHOULD
NOT EXCEED .130 INCHES.

A. REVIEW THE AVERAGES FOR EACH LOCATION ON EACH RAIL AND
RECORD THE HIGH AVERAGE VALUE HERE AND THE LOW
AVERAGE VALUE HERE .

B. ADD THE AVERAGE READINGS FOR EACH LOCATION AND DIVIDE BY THE
NUMBER OF LOCATIONS MEASURED PER FRAME RAIL AND RECORD HERE

C. COMPARE THE AVERAGE FRAME RAIL THICKNESS RECORDED IN B. AND
THE FRAME RAIL RATING CHART AND RECORD THE ABILITY OF THE FRAME
RAIL TO MEET THE MISSION PROFILE. COPY THAT RATING HERE

D. IF THE RAIL THICKNESS FALLS IN THE RANGE OF NON MISSION CAPABLE,
THE VEHICLE NEEDS TO HAVE THE FRAME RAILS REPLACED IMMEDIATELY.
THERE IS A POSSIBILITY OF VEHICLE CATASTROPHIC FAILURE.

COMMENTS FOR OVERALL CONDITION OF THE FRAME,
RAILS:
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