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AXLE ALIGNMENT

TANDEM SCRUB ANGLE OR SKEW

Target:
Tolerance:

0
±1/8” or ±3 mm

THRUST
ANGLE A

THRUST
ANGLE

B

A

B

Measurement: A ± B

Symptoms:

Steer tire shoulder wear 
   and/or feathered wear 
Excessive drive tire wear 
Pulling, driver counter steers 
Tandem Hop

THRUST ANGLE DEVIATION
Target:

Tolerance:
0
Based on wheelbase:
15 mm < 150”, 20 mm  
150-200”, 25 mm > 200”

THRUST
ANGLE A

THRUST
ANGLE

B

C

D

Measurement: C ± D

Symptoms:
Steer tire shoulder wear 
Pulling slightly to significant

STEERING AXLE OFFSET

Target:
Tolerance:

0
±3/16” or ±5 mm

STEERING AXLE OFFSET

E

F

Measurement: (E ± F)/2

Symptoms:
Steer tire shoulder wear 
Pulling slightly

DRIVE AXLE OFFSET

Target:
Tolerance:

0
±3/16” or ±5 mm

DRIVE AXLE OFFSET

G G

H H

Measurement: (G ± H)/2

Symptoms: Pulling slightly

STEERING AXLE SKEW

Target:
Tolerance:

0
±3/16” or ±5 mm

STEERING AXLE SKEW

Measurement: Alignment Machine

Symptoms:
Pulling. Steer tire wear could 
be significant
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ATTACC PLUS SYSTEM (Axle, Thrust, Toe, 
Ackerman, Camber, Caster Parts, Labor, User Saves)
• Simple vehicle measurement system

• Quick, low cost, yet effective method

• Determine if poor alignment conditions exist 

• Minimum tools required

For more information about ATTACC PLUS refer to 

Michelin Vehicle Alignment: ATTACC Plus Video at  

business.michelinman.com

SET-UP INSTRUCTION PROCEDURES
TOOLS: 
• Chalk Line (no chalk)	 • Metric Tape Measure

• 2 Cans of White Spray Paint 	 • 1 pair of Jack Stands

• 2 Large Heavy Duty Plastic Bags 	 • Toe-Scribe

• Vehicle Jack (10 Tons)	 • Flashlight

• Line Level and Wheel Chocks 	 • 1 T-45A Tire Iron

SURFACE: Inspection site should be fairly level; use Line 

Level if necessary to determine slope.	

STEER/DRIVE TIRES: Note tread design, DOT, tread 

depth, psi, tire conditions and mileage, and all normal 

pertinent vehicle information.

VEHICLE POSITIONING
1. Drive vehicle straight into inspection site, at least 3 full 

vehicle lengths, to ensure its straight into site. Driving 

into and backing out of the work area several times will 

ensure the vehicle’s suspension components are relaxed to 

achieve proper measurements.

2. Allow vehicle to roll to a stop, shut-off the engine, and 

let up on the clutch.

3. Let vehicle fully stop by transmission, no brakes.

4. Engage tractor parking brakes and take out of gear, 

place wheel chocks on the drive tires.

MEASUREMENTS 
Record all measurements.

Front of Vehicle
1. Measure steering axle skew from the front of the outside 

U-bolt to the Zerk fitting (Grease fitting) on the front 

spring pin perch. Tolerance is ± 3/16” or 5 mm side to side. 

2. Measure for straight ahead steering from the inner 

wheel flange to edge of the leaf spring (if newer style 

tapered frame) or frame on both sides of the vehicle to 

ensure the steer tires are straight ahead (tolerance is 

1/32” or 1 mm side to side). Adjust the steering wheels 

as necessary to come within tolerance. Mark the steering 

wheel column with a crayon for future reference.

3. Measure for steering axle offset from the frame rail to 

the vertical center line on the tire on both sides. Tolerance 

is ± 3/16” or 5 mm from centerline of vehicle.

4. Steering Stops: Ensure they are in place on left and right 

sides, and measure length. Stops control the angle of the 

turn and may be a consideration if abnormal steer tire 

wear is present.

5. Check front end components and toe by jacking up 

front end after placing wheel chocks on the rear tires. 

Place the floor jack under the axle for support, use the 

T-45A tire iron by inserting into the wheel assembly at 

the 6 o’clock position and place your other hand at the 12 

o’clock position. With a rocking type motion try to move 

the tire assembly up with the lower bar and out towards 

you with your left hand. If play is felt, it is probably the 

result of loose wheel bearings or worn kingpin bushings. If 

you observe the brake chamber moving, it can be isolated 

to the kingpin bushing. If it does not move, it is likely the 

wheel bearings. 

With your hands placed at the 3 o’clock and at the  

9 o’clock positions on the tire, try to move the tire in a 

rapid “left turn – right turn” type of motion. Feel and listen 

for any play. Play in this area would indicate either loose 

or worn tie rod ends, steering arms, drag link ends, or 

steering box play. Any play in this area should be further 

inspected to ensure it is within the vehicle and/or part 

manufacturer’s specifications.

Two additional parts that can cause tire wear need to 

be checked. First, see if the brake drum has a balance 

weight and second, look for wear on the spring shackle 

assembly. This check is more difficult to make, and there 

are various ways to inspect for this wear. Consult the part 

manufacture for the proper way to inspect.

On a dry tire, with a can of spray paint, marker, or chalk 

(dusting with any coating material suitable for marking 

a section of tread), “highlight” a section of the tread area 

around the tire. With a sharp pointed scribe, mark a thin 

line in the highlighted area while rotating the tire. (Note: 

At this point observe the amount of radial and lateral 

runout by referencing this line to the rotating tire. Any 

runout greater than 3/32” should be further investigated 

for improper tire bead seating, improper tire and wheel 

runout and/or improper wheel torque procedure during 

installation.)

Repeat this process on the other steer tire. Check for 

steer ahead by referencing the mark on the steering wheel 

column (or measure as in Paragraph 2 above) and lower 

the vehicle on the folded plastic bags. Plastic should be 

folded to just larger than the tire footprint so that no part 

of the steer tires will contact with the ground. Prior to 

measuring, you should “joust” the vehicle by standing on 

the step and shaking the unit with your body weight. This 

will further relax the front suspension, giving you a correct 

toe reading. Once the steer tires are down, measure from 

ALIGNMENT - FIELD METHOD
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Spring to Flange

Spring to Flange

Steer Offset

Steer Offset

String to Wheel
for Drive Axle Thrust

String to Wheel
for Drive Axle Thrust

Front Tandem Axle Skew

Front Tandem Axle Skew

Drive Axle Offset

Drive Axle Offset

Grease Zerk 
to U-Bolt

Grease Zerk 
to U-BoltDrive Axle Offset

Drive Axle Offset

ATTACC PLUS WORKSHEET

side to side between the scribed lines, first rear, then front, 

with a tape measure or a fine lined toe gauge to determine 

relative toe. Do this with the paint cans on the ground, 

centered on the scribe line, and measure the distance 

between the lines on the left and right tire at the paint can 

height. Subtract front from rear: positive result indicates 

toe-in, negative is toe-out. At this paint can height: total 

toe-in should be positive +1 mm so that the tires will 

run in a straight line under a dynamic, loaded condition. 

Recommended toe setting is +1/16” (1.5 mm).

6. If checking for camber, with wheels straight ahead, drop 

a plumb line off the front fender over the tire assembly 

center and measure the distance, using millimeters, 

between the string and rim flange at the top and bottom. 

Divide your difference by 10 to convert millimeters to 

degrees. Use the paint can to extend out from the fender 

if necessary. Repeat the procedure on the other steer 

position. Consider any floor slope, mismatched inflation 

pressures, or mismatched tread depths.

Rear of Vehicle
1. Measure for drive axle offset by measuring, at each drive 

axle wheel position, from the inner wheel flange to the 

inside of the frame rail (tolerance: 3/16” or 5 mm side to 

side).	

2. Check ride height by measuring the distance from the 

lower part of the frame rail to the bottom of the air spring 

(bag) housing. Verify manufacturer’s recommendation for 

vehicle type. 

3. Measure for tandem axle skew by measuring between 

the rim flanges. Kneel between the outside of the tires. 

Hook the metric tape measure at hub-height on one, 

and by using a swinging arc on the other, determine 

the shortest distance between them. Take a similar 

measurement on the other side of the vehicle (tolerance is 

1/8 inch or 3 mm between axle ends).

4. Measure for drive axle thrust by using the string from 

the front drive axle to the steer position. Attach the string 

to the drive tire at hub-height, bring it across the rear 

sidewall, move to the steering axle, bring the string in 

toward the front wheel until it touches the drive tire’s front 

sidewall, and measure the distance between the string and 

disc face of the wheel (just below the dust cap). Repeat this 

method on the other side.

With all data recorded, review measurement of drive 

axle offset. Any significant drive axle offset, if found (± 

3/16” or ± 5 mm), must be factored into the readings 

of drive axle thrust as determined above by adding or 

subtracting the offset from the appropriate side (string to 

front wheel flange measurement ± offset).

Draw a picture of the steer and drive axle orientation 

using recorded axle skew measurements.

Drive axle skew tolerance is based on wheelbase:  

	 19/32” or 15 mm < 150 inch 

	 3/4” or 20 mm 150-200 inch 

	 1” or 25 mm > 200 inch
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TIRE MANAGEMENT
The goal of every truck operator is to achieve the 

lowest possible operating cost, taking advantage of the 

performance built into each high-tech MICHELIN® radial 

truck tire. Tire maintenance, proper inflation pressures, 

repairs, vehicle alignment, and retreading, are all keys to 

help ensure maximized performance and extended casing 

life.

Over the past 10 years, several operational and product 

changes have occurred that should be considered when 

establishing tire use patterns. The single most important 

point of any program is “Know Your Customer.”

TIRE CHANGES
1. New Tires: Today’s wider treads and deeper tread 

depths provide more original tread miles. The tire arrives 

at the retreader with more time in service, more miles, and 

exposure to road conditions.

2. Retread Changes: Wider treads, new tread designs, and 

new compounds have increased retread mileages.

VEHICLE CHANGES
1. Longer Trailers: There has been a move from 40’ to 48’ 

and 53’ trailers as standards in the contract and private 

carriage business.

2. Wider Trailers: Widths have increased from 96” to 102”. 

The combination of longer and wider trailers increases the 

frequency of the duals being curbed.

3. Setback Front Axles: Moving the steer axle back 

increases stress on steer tires and load efficiency by 

allowing better load distribution. The result is higher 

average axle loads.

4. Electronic Engines: Better engine control and more 

efficient operation improves the ability of the vehicle to 

maintain higher cruise speeds.*

OPERATIONAL CHANGES
1. Speed limit: The national limit has continually increased 

in the past decade.*

2. GVW (Gross Vehicle Weight): With the Surface 

Transportation Assistance Act of 1982, the weight limits 

went from 73,280 lbs. to 80,000 lbs. With setback axles, you 

can realistically load to 80,000 lbs.

3. Greater Vehicle Utilization: More loaded miles mean 

productivity gains.

* Exceeding the legal speed limit is neither recommended nor endorsed.

All these changes lead to the casing arriving at the 

retread stage with a higher level of fatigue. To utilize these 

casings to their maximum, casing management should be 

employed in the selection of the retread.

CASING MANAGEMENT IN THE PAST
Highway fleets typically employ the casing management 

pattern below:
				    Position of 
Tire First		  Position of First 		 Subsequent	
Used On		  Retread Use		  Retread Use
Steer	 »	 Drive or Trailer	 »	 Drive or Trailer

Drive	 »	 Drive	 »	 Drive or Trailer

Trailer	 »	 Trailer	 »	 Trailer

CASING FATIGUE
In terms of casing fatigue, the severity of use is as follows:

• Drive Axle – most fatigue. New drive tires (lug type) 

often can accumulate twice as many miles (or more) 

before retreading than new steer or trailer tires can. The 

same is true for drive axle lug type retreads. The tires also 

run hotter (deeper tread) and with more torque.

• Steer Axle – moderate fatigue. Steer axle tires operate at 

higher average loads than drive or trailer tires (20 to 40% 

higher). However, they wear out sooner than drive tires 

and are moved to lighter axles in the retread stage.

• Trailer Axle – least fatigue. The trailer tire starts life with 

a shallow (cooler) tread and is usually retreaded with a 

shallow retread. Annual miles are low. The trailer tire 

casing usually sees more curb abuse, neglect, and old age 

problems.

Thus, the practice of retreading new drive axle tires back 

to the drive axle puts the most highly fatigued casing back 

onto the most highly stressed wheel position.

CASING MANAGEMENT FOR THE FUTURE
The following guidelines are recommended in sorting 

casings for their next tread life. Such a sorting would allow 

the fleet and retreader to make better decisions regarding 

the handling and utilization of casings recovered from 6x4, 

4x2, and trailer applications. Casings that are judged to be 

more “highly fatigued” should be retreaded in one of two 

ways:

1.	A low rolling resistance/low heat retread rubber in 

rib and drive (consult your retread supplier).

2.	A shallow retread (no more than 15/32”).

These retreads will reduce the operating temperature in 

the crown of the tire.

Determining which tires are “highly fatigued” requires 

a working knowledge of each fleet’s individual operation. 

The following guidelines can be used:

1.	Two or more repairs on the casing.

2.	Heavy sidewall abrasion.

CASING MANAGEMENT
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TREAD SELECTION MATRIX
It would seem best to adopt the casing management 

pattern below for tires in highway service:

				    Position of 
Tire First		  Position of First 		 Subsequent	
Used On		  Retread Use		  Retread Use
Steer	 »	 Drive or Trailer	 »	 Trailer

Drive	 »	 Drive or Trailer	 »	 Trailer

Trailer	 »	 Drive or Trailer	 »	 Trailer

RETREAD RECOMMENDATIONS
1. Follow the retread manufacturer’s recommendations.

2. Use the preferred tread size.

3. Buff to the correct crown radius.

4. Use pilot skives to measure undertread; 2/32” to 3/32” 

is all that should remain when buffing is complete.

PREVIOUS SERVICE LIFE
Considering all these conditions and recommendations, 

the purchaser of casings for retreading should proceed 

with caution. Use the tread selection matrix when 

previous service life is unknown.

COLD CLIMATE PRESSURE CORRECTION DATA
Because the pressure inside a tire will decrease when 

the vehicle is taken from a warm environment to a cold 

one, some adjustments may be necessary when adjusting 

the tire pressures of a vehicle to be operated in very cold 

temperatures.

These adjustments are only necessary if the pressures 

are verified and adjusted inside a heated garage with an 

air supply that is also at the higher room temperature. (No 

adjustment necessary if done outside.)

In extreme cases, the following table should be used to 

ensure that the operating pressure and deflection of tires 

are adequate at the outside ambient temperature.

Using the load and pressure charts below, determine 

the appropriate “Recommended Pressure” required for 

the axle load. Then find the same pressure down the 

left column of the table to the right. Going across to the 

relevant outside ambient temperature you will find the 

corrected inflation pressure to be used.

For example:
• 	 A log truck in Alaska has a front axle loaded weight  

of 12,000 lbs.

• 	 The truck is equipped with 11R24.5 MICHELIN®  

XZY®3 tires.

• 	 The recommended pressure for this fitment is 105.

• 	 The truck is parked overnight in a heated garage.

• 	 The outside high forecasted for today is -20ºF. 

• 	 The tire pressures are checked and adjusted prior to 

leaving the heated garage.

According to the chart below, the tires should be adjusted  

to 128.

 Recommended
Pressure

(psi)

Outside Ambient Temperature

F° 50° 40° 30° 20° 10° 0° -10° -20° -30° -40° -50°

C° 10° 4° -1° -7° -12° -18° -23° -29° -34° -40° -46°

75 78 80 81 83 86 88 90 92 95 98 100

80 83 85 87 89 91 93 96 98 101 104 107

85 88 90 92 94 97 99 102 104 107 110 113

90 93 95 98 100 102 105 108 110 113 116 119

95 98 101 103 105 108 111 113 116 119 123 126

100 103 106 108 111 113 116 119 122 125 129 132

105 109 111 114 116 119 122 125 128 132 135 139

110 114 116 119 122 125 128 131 134 138 141 145

115 119 122 124 127 130 133 137 140 144 148 151

120 124 127 130 133 136 139 143 146 150 154 158

125 129 132 135 138 141 145 148 152 156 160 164

130 134 137 140 144 147 150 154 158 162 166 171

Adjusted Inflation Pressure (psi) when inflating indoors at 65°F [18°C]

Do not drive on improperly inflated tires. Doing so may lead to excessive heat build up, tire 
failure, injury, or death.
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Each fleet operation is different, but there is one 

consistent goal and that is to achieve the best possible 

operating cost. This section is designed to provide a guide 

to determining a Cost Per Mile (CPM).

The simplest CPM is found by dividing the price of the 

tire and any retread by the total mileage. While this is an 

easy calculation, it is very misleading by ignoring many 

of the added benefits of the tire or the transfer of residual 

casing value from one life to another.

Determining CPM by wheel position could provide 

an important gauge for performance since each wheel 

position is a very special case with unique operating 

requirements. Here are some of the key elements that 

need to be considered in any analysis:

1. 	 Total mileage (considers new and retread mileage for 

steer, drive, and trailer)

2. 	 Residual casing values or casing resale values 

3. 	 Requirements of the specific wheel position (steer, 

drive, and trailer)

4. 	 Repairability (dollars spent on additional mounts and 

dismounts, repair time and labor)

5. 	 Retreadability (additional casing purchases) 

6. 	 Fuel efficiency (see section below)	

7. 	 Total expected casing life

8. 	 Labor (scheduled and unscheduled)

9. 	 Road call (by shop personnel as well as Emergency 

calls)

10.	Disposal fees 

11.	Liability Insurance 

An estimate of the CPM obtained by different tires in 

different wheel positions is shown in the examples below.

STEER AXLE
a. MICHELIN® X® LINE ENERGY Z 

        New Tire Price (estimated)	 $616.00

b. Residual Casing Value (estimated)	 - $60.00

c. Total Miles (estimated)	 ÷ 120,000.00

d. CPM	 = per mile	 $ 0.00463

DRIVE AXLE
a. MICHELIN® X® LINE ENERGY D 

         New Tire Price (estimated)	 $670.00

b. Residual Casing Value (estimated)	 - $60.00

c. Total Miles (estimated)	 ÷ 250,000.00

d. CPM	 = per mile	 $ 0.00508

YOUR OPERATION
a. New Tire Price	 $	

b. Residual Casing Value	 -		

c. Total Miles	 ÷	

d. CPM	 = per mile

COST ANALYSIS
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Tires are a major component in the operating efficiency 

of the vehicle because of their rolling resistance. Rolling 

resistance is defined as how much effort it takes to roll 

a tire with a given load and pressure. This tire rolling 

resistance is approximately 1/3 of the total vehicle 

resistance in 6x4 and 6x2 applications and as such, a 

change of 3% in rolling resistance equals a 1% change in 

fuel consumption. Wind resistance and drive line friction 

account for the balance of the resistance. 

The MICHELIN® tires with Advanced Technology 

compound are built to maximize energy conservation. 

And the MICHELIN® X One® tire in drive and trailer 

positions can even provide an increase over these 

Advanced Technology tires.

A change in rubber compound can provide a large 

reduction in rolling resistance, although it is unacceptable 

to sacrifice durability and wet traction to achieve 

this result. The Advanced Technology compound is 

a sophisticated mix of tread design, complex rubber 

chemistry, and advanced casing design all used while 

maintaining mileage, wet traction, and durability.

As fuel costs continue to increase, fuel expenditures 

become even more critical than tire expenditures. The ratio 

of fuel to tire costs will range from 8:1 to 15:1 based on the 

fleet operation in regional and long haul applications. 

To calculate potential fuel savings:

A.  Cost of Fuel/Gal.	 $	_________________________

B.  Annual Miles		 _________________________

C.  MPG of the Vehicle		 _____________________MPG

D.  Total Estimated Fuel

			   B ÷ C = gallon	_________________________

E.  % Fuel Savings	 %	_________________________

F.  Estimated Fuel Savings

			   (E x D) = gallon	_________________________

			   (F x A) = $	_________________________

For a more in-depth calculation, consideration should 

be given to looking at the rolling resistance factors for 

the specific tires you are considering and ask for the 

assistance of your Michelin Representative in determining 

the savings. The next step would be to conduct an SAE 

(Society of Automotive Engineers) Type J1376 Type II fuel 

test and eliminate all the variables. Again, refer to your 

Michelin Representative for assistance.

The SAE Type J1376 Fuel Test is a standard test 

procedure for evaluating the relative fuel economy of 

given vehicles. Test cycles are conducted over 2 to 3 days 

on a circular route of 30 miles, utilizing two vehicles of 

similar design and load with fuel supplied by portable 

tanks. While using the same steer, drive, and trailer tires,  

a 2% ratio of both circuit time and of fuel weight 

consumed must be established. All other variables will 

have been minimized by the constraints of the test 

procedures. Once the baseline has been established, 

the test tires will be placed on the test vehicle, and the 

difference in fuel consumption can be determined based 

on the completion of 3-5 runs falling within the 2% ratio.

FUEL SAVINGS
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MOUNTING PROCEDURES FOR 16.00R20 
AND 24R21 MICHELIN® XZL™ OR XZL+™ 
TIRES

Correct procedure for mounting multi-piece wheels for 

tubeless truck tires includes proper mounting and correct 

pressure.

Three-piece wheels consist of rim base, tapered bead 

seat, and locking ring. Mounting tools include: large bore 

valve, O-ring seal, brush or clean cloth with lubricant, 

small pallet of wooden blocks, inflation hose with a chuck 

or large bore valve, and miscellaneous tools.

The first step in mounting is to properly position the 

wheelbase by placing the wheel on the small pallet or 

blocks to raise it off the floor, facilitating the lock ring 

installation. Note that the wheel is placed on the support 

with the fixed flange side down. Using the large bore 

valve, lightly lubricate the rubber grommet on the valve 

base; insert and secure with the hex nut of both sides. 

Always use a large bore valve and not a standard truck 

valve since the larger diameter will permit better tire 

pressure flow and better bead seating. 

WHEEL LUBRICATION
With a clean cloth or brush, lightly lubricate the rim 

base completely except for the two upper grooves. 

Lubrication in these grooves can cause the O-ring to be 

rolled out of the groove by the tapered bead seat when 

inflating the assembly. It is important to use a heavy 

lubricant such as MICHELIN® Bib Grease or Murphy’s. 

Heavy lubricants do not dry as quickly, thus allowing 

more time to seat the beads during inflation.

LUBRICATION OF THE BEAD
Using a brush or clean cloth, lubricate the inside and 

outside of each tire bead area. This procedure plus the 

rim lubrication will allow the tapered bead seat ring to 

be installed more easily and allow the tire beads to seat 

properly during inflation. 

TIRE PLACEMENT ON THE WHEEL
Place the tire on the wheelbase. This can be done 

manually or by forklift truck for easier handling. Exercise 

caution when sliding the forks below the sidewalls of 

the tires since an impact by the forks can damage the 

casing cords. Lifting the tire by the beads can damage or 

permanently distort the beads and should be avoided.

TAPERED BEAD SEAT RING
The bead seat ring should be lubricated on both sides 

before placing it on the wheelbase. This allows it to slide 

between the tire and wheelbase more easily and later 

over the wheelbase during inflation. Lubricating the bead 

seating surface facilitates concentric seating of the beads 

during inflation.

O-RING SEAL
The most important part of tubeless mounting on 

multi-piece wheels is the O-ring seal under the bead 

seat ring. It is imperative that the correct O-ring be used 

and properly installed. Check O-ring length and cross 

section diameter for correct fit. The MICHELIN® O-ring 

seal reference number is 1506 for the 24R21, which is 

designated OR 6.8-21 for the 21-inch inside diameter.  

The 16.00R20 uses O-ring reference number 1681, 

designated OR 6.6-20 for the 20-inch or the corner ring, 

reference number 1443, designated A20-TYRAN. The 

corner ring has a slightly different mounting procedure 

– see wheel manufacturer for proper procedures. Some 

commercially available O-rings are too long. If too long, it 

will push out of the groove breaking the seal and the tire 

will lose tire pressure. Do not lubricate the O-ring prior to 

installation on the wheel. The lubricant tends to push the 

O-ring out of the groove breaking the seal. Make sure both 

the O-ring and the groove are free of debris. Place the 

O-ring in the bottom groove; it should fit tightly but not 

be excessively stretched.

LUBRICATION OF THE O-RING
The outer surface of the O-ring should be lightly, but 

well lubricated to allow the tapered bead seat to slide 

easily over the seal during inflation. Remember an 

incorrect O-ring or improper lubrication can force or 

push the O-ring out of the slot upon inflation causing tire 

pressure loss. Snap the lock ring in the upper rim groove. 

Check that the ring is fully seated in the groove.

INFLATION
Place the assembly in the horizontal (preferred) or 

vertical (if well lubricated) position for inflation in the 

restraining device and remove the valve core. This will 

allow the beads to slide more easily into position. Inflate 

to 80 psi for complete tire bead seating. Install the valve 

core and then adjust pressure to that recommended for 

the load and condition.

Remember the keys for good mounting are:

1. Correct size, type, and compatibility of components

2. Proper lubrication and mounting procedures

3. 80 psi initial inflation pressure for bead seating, 

followed by adjustment to recommended pressure.

Adherence to these simple guidelines will ensure 

maximized performance and minimized downtime due to 

tire mismount.

If you are having difficulty in mounting or cannot get 

the assembly to inflate or hold tire pressure, an incorrect 

component or incorrect inflation is probably the cause.

MOUNTING PROCEDURES FOR 16.00R20 AND 24R21
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MEASURED TIRE REVOLUTIONS PER MILE
At Michelin, Tire Revolutions per Mile (tire RPM) are 

determined using a method based on the SAE (Society 

of Automotive Engineers) Recommended Practice J1025. 

The test tires are placed in a single fitment on the drive 

axle of the test vehicle, loaded to the maximum dual load 

rating of the tire and set to the corresponding pressure. 

The vehicle is then driven on a test track at 45 mph while 

the revolutions are counted. Since speed minimally affects 

the results for radial tires, other speeds are allowed. Four 

runs must be completed with results that are consistent 

within 1%. The tire RPM specification is calculated as the 

average (mean) of the four runs. The results are verified 

using shorter distances that are more easily obtained. The 

test tire is also compared to a known baseline tire on a road 

wheel. This latter method is very accurate and repeatable 

when using a similar baseline tire with a known tire RPM. 

The SAE procedure recognizes that there will be some 

variation within the test method. In fact, there are other 

factors that cause variation in tire RPM among similar tires. 

Please note that although similar tires may have the same 

overall diameter, it does not necessarily mean that they will 

have the same tire RPM. The SAE procedure determines 

the tire RPM to within ± 1.5%.

Some factors, which cause variation among tires, are:

•	 Load and Pressure – A difference in Load/Pressure 

could alter the Tire Revs./Mile measurement by as 

much as 1.5%. If pressure is constant, going from an 

empty vehicle to a fully loaded vehicle can change the 

Tire Revs./Mile by 1 to 1.5%.

•	 Treadwear – The Tire Revs./Mile varies from a new tire 

to a fully worn tire. This can affect Tire Revs./Mile by as 

much as 3% from the rated Tire Revs./Mile.

•	 Tread Geometry – The height and stiffness of the 

blocks and the shape of the tread pattern can affect Tire 

Revs./Mile.

•	 Torque – The presence of driving and braking torque 

can affect the Tire Revs./Mile.

•	 Type and Condition of Pavement – Asphalt vs. 

concrete, wet vs. dry can create difference in Tire Revs./

Mile.

CALCULATED TIRE REVOLUTIONS  
PER MILE

TIRE REVOLUTIONS PER MILE CALCULATION

Michelin Equation:

Tire RPM = 20,168 / (O.D. - .8d)

O.D. = Overall Diameter

d = Correction for deflection

Deflection - e = (O.D./2) - SLR

SLR = Static Loaded Radius  

(Ref. Michelin Truck Tire Data Book)

Example: 275/80R22.5 MICHELIN® X® MULTI D LRG

New Tire

O.D. = 40.5

SLR = 19.0

d = (40.5/2) - 19.0

Deflection - e = 1.25

Tire RPM = 20,168 / (40.5 - (.8 x 1.25))

 = 20,168 / (40.5 - 1.0)

= 20,168 / 39.5

Tire RPM = 510.6 (Calculated) vs Data Book 

(Measured) Tire Revs./Mile = 510

At 50% Worn

O.D. = 39.7 (13/32nd used is approximately 
0.8 inch reduction in the O.D.)

SLR = 18.6 (13/32nd used is approximately  

a 0.4 inch reduction of SLR)

d = (39.7/2) - 18.6

Deflection - e = 1.25

Tire RPM = 20,168 / (37.9 - (.8 x 1.25))

= 20,168 / (37.9 - 1.0)

= 20,168 / 38.7

Tire RPM = 521 (Calculated)
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OUT-OF-SERVICE CONDITIONS
DESCRIPTION

Code Key 21: New & Retread Tire Out-of-Service Conditions was developed for tire manufacturers as a means  

of coding out-of-service conditions as determined by manufacturer/laboratory failure analysis. It is not meant to replace 

related codes identified for use by technicians in Code Key 18: Technician Failure Code, or Code Key 82: Operator Vehicle/

Equipment Condition Report. Code Key 21 has two codes per condition, a two-character alpha code or an alternative four-

digit numeric code. Code Key 21 was introduced with the release of VMRS 2000™ Version 1.05.

NOTE: In release of VMRS that preceded VMRS 2000™, Code Key 21 was used redundantly to denote a vehicle group/

system. The information once contained in Code Key 21 was assigned to VMRS 2000™ Code Key 31 in 1997.

Code (Alpha)	 Code (Numeric)	 Description

Bead Area
FW	 1101	 Bead Damage from Rim Flange Wear
BO	 1102	 Bead Damage Due to Overload
TB	 1103	 Torn Beads
KB	 1104	 Kinked/Distorted Beads
BD	 1105	 Bead Deformation
BB	 1106	 Burned Beads
CD	 1107	 Bead Damage from Curbing
CS	 1108	 Reinforce/Chafer Separation
FC	 1109	 Lower Sidewall/Bead Area Flow Crack

Sidewall Area
SC	 1201	 Spread/Damaged Cord
SS	 1202	 Sidewall Separation
SI	 1203	 Sidewall Separation Damage Induced
ST	 1204	 Sidewall Separation Due to Tread Puncture
SO	 1205	 Sidewall Separation Due to Bead Damage
BM	 1206	 Branding Damage
CU	 1207	 Cuts and Snags
OD	 1208	 Damage from Object Lodged Between Duals
AB	 1209	 Sidewall Abrasion/Scuff Damage
WE	 1210	 Weathering/Ozone Cracking
RS	 1211	 Radial Split
SB	 1212	 Sidewall Bumps (Blisters)
DC	 1213	 Diagonal Cracking
HS	 1214	 Heavy Sidewall Splice
OZ	 1215	 Open Sidewall Splice
SP	 1216	 Sidewall Penetration
CW	 1217	 Crack at Edge of Retread Wing
CB	 1218	 Cracking Due to Excessive Sidewall Buff
ZP	 1219	 Circumferential Fatigue Rupture (Zipper)

Crown Area
BS	 1301	 Brake Skid Damage
WW	 1302	 Wild Wire
DL	 1303	 Delamination
LB	 1304	 Lug Base Cracking
CC	 1305	 Chipping/Flaking/Chunking Tread
DR	 1306	 Stone Drilling
RD	 1307	 Regrooving Damage
DD	 1308	 Dynamometer Type Damage
EX	 1309	 Excessive Wear
RT	 1310	 Rib Tearing
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Code (Alpha)	 Code (Numeric)	 Description

Crown Area (continues)
DG	 1311	 Defense Groove Tearing
GC	 1312	 Groove Cracking
SD	 1313	 Spin Damage
ED	 1314	 Electrical Discharge
PO	 1315	 Tread Surface Porosity
TN	 1316	 Tread Non-fill
BL	 1317	 Belt Lift/Separation
BE	 1318	 Belt Separation - Repair Related
TS	 1319	 Tread Lift/Separation
RE	 1320	 Retread Separation
TR	 1321	 Retread Separation - Repair Related
TE	 1322	 Retread Edge Lifting
BP	 1323	 Bond Line Porosity
MP	 1324	 Missed Puncture
SF	 1325	 Skive Failure
WL	 1326	 Wing Lift
MT	 1327	 Misaligned Tread
IT	 1328	 Improper Tread Width
TC	 1329	 Tread Chunking at Splice
OT	 1330	 Open Tread Splice
SH	 1331	 Short Tread Splice
BT	 1332	 Buckled Tread

Tire Interior
LP	 1401	 Inner Liner Split at Puncture
FO	 1402	 Foreign Object Inner Liner Damage
PS	 1403	 Pinch Shock
MD	 1401	 Tearing Mount/Demount Damage
OL	 1405	 Open Inner Liner Splice
LS	 1406	 Inner Liner Bubbles/Blisters/Separations
LC	 1407	 Inner Liner Cracking
PC	 1408	 Pulled/Loose Cords
TI	 1409	 Thin Inner Liner
PG	 1410	 Ply Gap

Improper/Failed Repairs
BA	 1501	 Improper Bead Repair
OW	 1502	 On-the-Wheel Repair
BZ	 1503	 Improper Spot Repair
RB	 1504	 Repair Related Bulge
WR	 1505	 Spot Repair Should Have Been a Section
IR	 1506	 Improper Nail Hole Repair
IA	 1507	 Improperly Aligned Repair
BR	 1508	 Bridged Repair
IS	 1509	 Improper Section Repair - Damage Not Removed
BI	 1510	 Bias Repair in Radial Tire
IP	 1511	 Improper Repair Unit Placement
UN	 1512	 Unfilled Nail Hole Repair
RC	 1513	 Repair Unit Cracking at Reinforcement
FL	 1514	 Failed Inner Liner Repair
RU	 1515	 Repair Failure from Underinflation
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Rotating assembly runout can influence vehicle 

vibration and contribute to irregular tire wear. 

Following these procedures for verifying the 

concentricity of the guide rib area as well as ensuring 

that both radial and lateral runout measurements are the 

lowest possible will aid in reducing any tire/wheel/hub 

assembly contribution.

Tools needed: 
• Tire runout gauge (or dial indicator)

• Pressure gauge

• Tread depth gauge 

• Feeler gauge

• Six-inch metal ruler

• Tire marking crayon

• Jack and jack stands

The first step is to eliminate possible sources of the 

disturbance (operation conditions, alignment posture, 

driveline component balance and angles, frame, and 

chassis concerns, fifth wheel placement, and possible 

excessive stacked tolerances). Find out as much as you 

can that may be related to the issue to aid in the initial 

diagnosis (maintenance file, test drive, driver interview).

Examine the assemblies for proper pressure, proper 

mounting, verify balance if balanced, inspect for tire and 

or wheel damage. Verify torque and proper component 

assembly on tube-type or multi-piece assemblies. Proper 

mounting procedure will reduce runout where it starts 

during the mounting process.

Jack up the front end of the vehicle so axle is unloaded, 

and place jack stands for support. Inspect front end 

components, including wheel bearing and kingpin play, 

suspension, and rear assemblies. 

Use the tire runout gauge to check for both radial (top 

photo) and lateral runout (bottom photo) for the rotating 

assembly. Lateral runout need to be done on the smooth 

part of the sidewall where there are not raised letters like 

the outside shoulder area. Values over 0.060 inch may be 

a detectable cause of vibration in steer assemblies and 

on recreational vehicles. Current TMC (Technology & 

Maintenance Council) assembly tolerances are 0.080 inch 

(Over the Road application in steer position), radial and 

lateral. See Page 59 for more information on Balance and 

Runout.

If the value is between 0.001 inch and 0.060 inch, 

continue with procedures below. If the value is > 0.060 

inch, remove and deflate the tire, break it loose from the 

wheel, lubricate, rotate the tire 180 degrees, reinflate, and 

recheck runout. 

Incorrect bead seating can occur on one or both bead 

seats. This usually results in a high radial and/or lateral 

reading. General cause is improper mounting procedures 

or wheel is at tolerance limits. It may require taking 3 

radial readings to detect: outside shoulder, center rib, and 

inside shoulder. 

RUNOUT AND VIBRATION DIAGNOSIS

Radial Runout

Incorrect Bead Seating

Measuring Radial Runout on Center Rib

Measuring Lateral Runout on Outside Shoulder
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Note: The bead seating surface of the tire and wheel 

do not match up as shown in previous illustration. This 

incorrect seating is the result of mismount. The TMC 

(Technology & Maintenance Council) specification 

is 2/32nds (0.062 inch). If both wheel and tire are 

lubricated and initial inflation is done with the tire flat, 

then 1/32nd inch or less variance around the tire should 

be obtainable.

Check for this mismount condition with the 6-inch 

ruler, measuring in 4 locations around an unladen 

assembly.

Check for hub to wheel clearance on hub piloted 

assemblies with the feeler gauge. If the measured 

high spot lines up with the feeler gauge gap, rotate 

the assembly so the gap is at the top, loosen the lug 

nuts, and allow gravity to center the wheel on the hub. 

Hand tighten the top nut, tighten all nuts in the proper 

sequence, recheck for runout, and retorque. 

On cast spoke and 

demountable rim assemblies, 

loosen and properly retighten 

the rim clamp nuts to the 

proper torque. Recheck for 

runout.

Verification of radial (top photo) and lateral (bottom

photo) wheel runout is another step to be considered.  

For more details on wheel runout limits see page 59.

 

PROCEDURE TO CHECK THE WHEEL FOR 
RADIAL AND LATERAL RUNOUT
•	 Mark two studs and the wheel with a crayon.

•	 Remove the tire and wheel assembly from the hub.

• 	 Mark the tire and wheel at the valve stem.

•	 Dismount the tire from the wheel using proper  

procedures.

•	 Clean the wheel flange area with a wire brush. Check 

the wheel for any damage.

• 	 Identify and mark the wheel to indicate where the 

radial and lateral high and low spots were found on the 

tire.

•	 Place the wheel back on the marked hub with the 

wheel matched to the marked studs. Use 3 lug nuts and 

properly torque.

•	 Measure radial and lateral runout on the inside and 

outside flange.

•	 See if the readings match up to the tire.

•	 Readings greater than 0.030 inch for aluminum wheels 

and 0.070 inch on steel wheels indicate high runout.
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VIBRATION
Tire-induced vibrations are generally the result  

of out-of-round assemblies. Common causes for out 

o round assemblies are components such as wheels, 

drums, and hubs and are corrected by changing the 

individual component. The most common cause stems 

from mismount or improper mounting procedures that 

lead to the tire not seating concentrically with the wheel. 

Whether it’s an individual component part or a mounting 

issue, these problems can be identified easily by checking 

for radial and lateral runout.
 

Specifications for MICHELIN® X One® tires: See TMC RP 

214E, Tire/Wheel End Balance and Runout for more details 

on radial and lateral runout readings.

	 Radial Runout < 0.125 inch

	 Lateral Runout < 0.125 inch

	 14” x 22.5 Aluminum Wheels < 0.030 inch

	 14” x 22.5 Steel Wheels < 0.070 inch

Tools Required: Truck style runout gauge stand with dial 

indicator. 

BALANCE
The Technology Maintenance Council (TMC) has 

specifications for balancing.

Specifications for MICHELIN® X One® tires: See TMC RP 

214D, Tire/Wheel End Balance and Runout, Appendix B  

for more details on balance.

	 Steer:	 22 oz

	 Drive:	 26 oz	

	 Trailer:	 26 oz

Tools Required: A static or dynamic wheel balancer and 

adapters to accommodate the larger MICHELIN® X One® 

tire and wheel assembly. 

When troubleshooting a ride disturbance, it is standard 

practice to check the balance. Due to the major impact 

runout has on balance, it is recommended that radial and 

lateral runout are checked prior to attempting to balance 

the assembly.
Radial Runout

NOTE: A piece of duct tape wrapped around the tread 
will facilitate measuring radial runout on block style 
drive tread designs.

Lateral Runout
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1910.177(a)

Scope.

1910.177(a)(1) 
This section applies to the servicing of multi-piece and 
single piece rim wheels used on large vehicles such as trucks, 
tractors, trailers, buses and off-road machines. It does not 
apply to the servicing of rim wheels used on automobiles, or 
on pickup trucks and vans utilizing automobile tires or truck 
tires designated “LT”.

1910.177(a)(2) 
This section does not apply to employers and places of 
employment regulated under the Long shoring Standards, 29 
CFR part 1918; Construction Safety Standards, 29 CFR part 
1926; or Agriculture Standards, 29 CFR part 1928.

1910.177(a)(3) 
All provisions of this section apply to the servicing of both 
single piece rim wheels and multi-piece rim wheels unless 
designated otherwise.

1910.177(b) 
Definitions. 

Barrier means a fence, wall or other structure or object placed 
between a single piece rim wheel and an employee during tire 
inflation, to contain the rim wheel components in the event 
of the sudden release of the contained air of the single piece 
rim wheel. 

Charts means the U.S. Department of Labor, Occupational 
Safety and Health Administration publications entitled 
“Demounting and Mounting Procedures for Tube-Type Truck 
and Bus Tires,” “Demounting and Mounting Procedures 
for Tubeless Truck and Bus Tires,” and “Multi-Piece Rim 
Matching Chart.” These charts may be in manual or poster 
form. OSHA also will accept any other manual or poster that 
provides at least the same instructions, safety precautions, 
and other information contained in these publications, which 
is applicable to the types of wheels the employer is servicing. 

Installing a rim wheel means the transfer and attachment of 
an assembled rim wheel onto a vehicle axle hub. “Removing” 
means the opposite of installing. 

Mounting a tire means the assembly or putting together 
of the wheel and tire components to form a rim wheel, 
including inflation. “Demounting” means the opposite of 
mounting. 

Multi-piece rim wheel means the assemblage of a multi-piece 
wheel with the tire tube and other components. 

Multi-piece wheel means a vehicle wheel consisting of two or 
more parts, one of which is a side or locking ring designed to 
hold the tire on the wheel by interlocking components when 
the tire is inflated. 

Restraining device means an apparatus such as a cage, rack, 
assemblage of bars and other components that will constrain 
all rim wheel components during an explosive separation of 
a multi-piece rim wheel, or during the sudden release of the 
contained air of a single piece rim wheel. 

Rim manual means a publication containing instructions 

from the manufacturer or other qualified organization for 
correct mounting, demounting, maintenance, and safety 
precautions peculiar to the type of wheel being serviced. 

Rim wheel means an assemblage of tire, tube and liner 
(where appropriate), and wheel components. 

Service or servicing means the mounting and demounting of 
rim wheels, and related activities such as inflating, deflating, 
installing, removing, and handling. 

Service area means that part of an employer’s premises used 
for the servicing of rim wheels, or any other place where an 
employee services rim wheels. 

Single piece rim wheel means the assemblage of single piece 
rim wheel with the tire and other components. 

Single piece wheel means a vehicle wheel consisting of one 
part, designed to hold the tire on the wheel when the tire is 
inflated. 

Trajectory means any potential path or route that a rim wheel 
component may travel during an explosive separation, or the 
sudden release of the pressurized air, or an area at which an 
airblast from a single piece rim wheel may be released. The 
trajectory may deviate from paths which are perpendicular 
to the assembled position of the rim wheel at the time of 
separation or explosion. (See Appendix A for examples of 
trajectories.) 

Wheel means that portion of a rim wheel which provides the 
method of attachment of the assembly to the axle of a vehicle 
and also provides the means to contain the inflated portion of 
the assembly (i.e., the tire and/or tube).

1910.177(c) 
Employee training.

1910.177(c)(1) 
The employer shall provide a program to train all employees 
who service rim wheels in the hazards involved in servicing 
those rim wheels and the safety procedures to be followed.

1910.177(c)(1)(i) 
The employer shall assure that no employee services any rim 
wheel unless the employee has been trained and instructed 
in correct procedures of servicing the type of wheel being 
serviced, and in the safe operating procedures described in 
paragraphs (f) and (g) of this section.

1910.177(c)(1)(ii) 
Information to be used in the training program shall include, 
at a minimum, the applicable data contained in the charts 
(rim manuals) and the contents of this standard.

1910.177(c)(1)(iii) 
Where an employer knows or has reason to believe that 
any of his employees is unable to read and understand the 
charts or rim manual, the employer shall assure that the 
employee is instructed concerning the contents of the charts 
and rim manual in a manner which the employee is able to 
understand.

1910.177(c)(2) 
The employer shall assure that each employee demonstrates 

SERVICING MULTI-PIECE AND SINGLE PIECE RIM WHEELS

OSHA REGULATION: 1910.177 SERVICING MULTI-PIECE AND SINGLE PIECE RIM/WHEELS
https://www.osha.gov/laws-regs/regulations/standardnumber/1910/1910.177



176     Section Nine: Appendix     

and maintains the ability to service rim wheels safely, 
including performance of the following tasks:

1910.177(c)(2)(i) 
Demounting of tires (including deflation);

1910.177(c)(2)(ii) 
Inspection and identification of the rim wheel components;

1910.177(c)(2)(iii) 
Mounting of tires (including inflation with a restraining 
device or other safeguard required by this section);

1910.177(c)(2)(iv) 
Use of the restraining device or barrier, and other equipment 
required by this section;

1910.177(c)(2)(v) 
Handling of rim wheels;

1910.177(c)(2)(vi) 
Inflation of the tire when a single piece rim wheel is mounted 
on a vehicle;

1910.177(c)(2)(vii) 
An understanding of the necessity of standing outside 
the trajectory both during inflation of the tire and during 
inspection of the rim wheel following inflation; and

1910.177(c)(2)(viii) 
Installation and removal of rim wheels.

1910.177(c)(3) 
The employer shall evaluate each employee’s ability to 
perform these tasks and to service rim wheels safely, and shall 
provide additional training as necessary to assure that each 
employee maintains his or her proficiency.

1910.177(d) 
Tire servicing equipment.

1910.177(d)(1) 
The employer shall furnish a restraining device for inflating 
tires on multi-piece wheels.

1910.177(d)(2) 
The employer shall provide a restraining device or barrier for 
inflating tires on single piece wheels unless the rim wheel will 
be bolted onto a vehicle during inflation.

1910.177(d)(3) 
Restraining devices and barriers shall comply with the 
following requirements:

1910.177(d)(3)(i) 
Each restraining device or barrier shall have the capacity to 
withstand the maximum force that would be transferred to it 
during a rim wheel separation occurring at 150 percent of the 
maximum tire specification pressure for the type of rim wheel 
being serviced.

1910.177(d)(3)(ii) 
Restraining devices and barriers shall be capable of 
preventing the rim wheel components from being thrown 
outside or beyond the device or barrier for any rim wheel 
positioned within or behind the device;

1910.177(d)(3)(iii) 
Restraining devices and barriers shall be visually inspected 
prior to each day’s use and after any separation of the rim 
wheel components or sudden release of contained air. Any 
restraining device or barrier exhibiting damage such as the 
following defects shall be immediately removed from service:

1910.177(d)(3)(iii)(A) 
Cracks at welds;

1910.177(d)(3)(iii)(B) 
Cracked or broken components;

1910.177(d)(3)(iii)(C) 
Bent or sprung components caused by mishandling, abuse, 
tire explosion or rim wheel separation;

1910.177(d)(3)(iii)(D) 
Pitting of components due to corrosion; or

1910.177(d)(3)(iii)(E) 
Other structural damage which would decrease its 
effectiveness.

1910.177(d)(3)(iv) 
Restraining devices or barriers removed from service shall not 
be returned to service until they are repaired and reinspected. 
Restraining devices or barriers requiring structural repair 
such as component replacement or rewelding shall not 
be returned to service until they are certified by either the 
manufacturer or a Registered Professional Engineer as 
meeting the strength requirements of paragraph (d)(3)(i) of 
this section.

1910.177(d)(4) 
The employer shall furnish and assure that an air line 
assembly consisting of the following components be used for 
inflating tires:

1910.177(d)(4)(i) 
A clip-on chuck;

1910.177(d)(4)(ii) 
An in-line valve with a pressure gauge or a presettable 
regulator; and

1910.177(d)(4)(iii) 
A sufficient length of hose between the clip-on chuck and the 
in-line valve (if one is used) to allow the employee to stand 
outside the trajectory.

1910.177(d)(5) 
Current charts or rim manuals containing instructions for the 
type of wheels being serviced shall be available in the service 
area.

1910.177(d)(6) 
The employer shall furnish and assure that only tools 
recommended in the rim manual for the type of wheel being 
serviced are used to service rim wheels.

1910.177(e) 
Wheel component acceptability.

1910.177(e)(1) 
Multi-piece wheel components shall not be interchanged 
except as provided in the charts or in the applicable rim 
manual.

1910.177(e)(2) 
Multi-piece wheel components and single piece wheels 
shall be inspected prior to assembly. Any wheel or wheel 
component which is bent out of shape, pitted from corrosion, 
broken, or cracked shall not be used and shall be marked or 
tagged unserviceable and removed from the service area. 
Damaged or leaky valves shall be replaced.

1910.177(e)(3) 
Rim flanges, rim gutters, rings, bead seating surfaces and the 
bead areas of tires shall be free of any dirt, surface rust, scale 
or loose or flaked rubber build-up prior to mounting and 
inflation.

1910.177(e)(4) 
The size (bead diameter and tire/wheel widths) and type of 
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both the tire and the wheel shall be checked for compatibility 
prior to assembly of the rim wheel.

1910.177(f) 
Safe operating procedure - multi-piece rim wheels. The 
employer shall establish a safe operating procedure for 
servicing multi-piece rim wheels and shall assure that 
employees are instructed in and follow that procedure. The 
procedure shall include at least the following elements:

1910.177(f)(1) 
Tires shall be completely deflated before demounting by 
removal of the valve core.

1910.177(f)(2) 
Tires shall be completely deflated by removing the valve core 
before a rim wheel is removed from the axle in either of the 
following situations:

1910.177(f)(2)(i) 
When the tire has been driven underinflated at 80% or less of 
its recommended pressure, or

1910.177(f)(2)(ii) 
When there is obvious or suspected damage to the tire or 
wheel components.

1910.177(f)(3) 
Rubber lubricant shall be applied to bead and rim mating 
surfaces during assembly of the wheel and inflation of the 
tire, unless the tire or wheel manufacturer recommends 
against it.

1910.177(f)(4) 
If a tire on a vehicle is underinflated but has more than 80% 
of the recommended pressure, the tire may be inflated while 
the rim wheel is on the vehicle provided remote control 
inflation equipment is used, and no employees remain in the 
trajectory during inflation.

1910.177(f)(5) 
Tires shall be inflated outside a restraining device only to a 
pressure sufficient to force the tire bead onto the rim ledge 
and create an airtight seal with the tire and bead.

1910.177(f)(6) 
Whenever a rim wheel is in a restraining device the employee 
shall not rest or lean any part of his body or equipment on or 
against the restraining device.

1910.177(f)(7) 
After tire inflation, the tire and wheel components shall be 
inspected while still within the restraining device to make 
sure that they are properly seated and locked. If further 
adjustment to the tire or wheel components is necessary, the 
tire shall be deflated by removal of the valve core before the 
adjustment is made.

1910.177(f)(8) 
No attempt shall be made to correct the seating of side and 
lock rings by hammering, striking or forcing the components 
while the tire is pressurized.

1910.177(f)(9) 
Cracked, broken, bent or otherwise damaged rim 
components shall not be reworked, welded, brazed, or 
otherwise heated.

1910.177(f)(10) 
Whenever multi-piece rim wheels are being handled, 
employees shall stay out of the trajectory unless the employer 
can demonstrate that performance of the servicing makes the 
employee’s presence in the trajectory necessary.

1910.177(f)(11) 
No heat shall be applied to a multi-piece wheel or wheel 
component.

1910.177(g) 
Safe operating procedure-single piece rim wheels. The 
employer shall establish a safe operating procedure for 
servicing single piece rim wheels and shall assure that 
employees are instructed in and follow that procedure. The 
procedure shall include at least the following elements:

1910.177(g)(1) 
Tires shall be completely deflated by removal of the valve core 
before demounting.

1910.177(g)(2) 
Mounting and demounting of the tire shall be done only 
from the narrow ledge side of the wheel. Care shall be taken 
to avoid damaging the tire beads while mounting tires on 
wheels. Tires shall be mounted only on compatible wheels of 
matching bead diameter and width.

1910.177(g)(3) 
Nonflammable rubber lubricant shall be applied to bead 
and wheel mating surfaces before assembly of the rim wheel, 
unless the tire or wheel manufacturer recommends against 
the use of any rubber lubricant.

1910.177(g)(4) 
If a tire changing machine is used, the tire shall be inflated 
only to the minimum pressure necessary to force the tire bead 
onto the rim ledge while on the tire changing machine.

1910.177(g)(5) 
If a bead expander is used, it shall be removed before the 
valve core is installed and as soon as the rim wheel becomes 
airtight (the tire bead slips onto the bead seat).

1910.177(g)(6) 
Tires may be inflated only when contained within a 
restraining device, positioned behind a barrier or bolted on 
the vehicle with the lug nuts fully tightened.

1910.177(g)(7) 
Tires shall not be inflated when any flat, solid surface is in the 
trajectory and within one foot of the sidewall.

1910.177(g)(8) 
Employees shall stay out of the trajectory when inflating a 
tire.

1910.177(g)(9) 
Tires shall not be inflated to more than the inflation 
pressure stamped in the sidewall unless a higher pressure is 
recommended by the manufacturer.

1910.177(g)(10) 
Tires shall not be inflated above the maximum pressure 
recommended by the manufacturer to seat the tire bead 
firmly against the rim flange.

1910.177(g)(11) 
No heat shall be applied to a single piece wheel.

1910.177(g)(12) 
Cracked, broken, bent, or otherwise damaged wheels shall 
not be reworked, welded, brazed, or otherwise heated.

[39 FR 23502, June 27, 1974, as amended at 52 FR 36026, Sept. 
25, 1987; 53 FR 34736, Sept. 8, 1988; 76 FR 24698, May 2, 2011; 
76 FR 80739, Dec. 27, 2011]
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Only MICHELIN® truck tires that are marked 

“REGROOVABLE” on the sidewall may be regrooved. After 

regrooving, you must have at least 3/32” of under tread 

covering the top ply. If steel is exposed, the tire must be 

scrapped or retreaded. In addition, some tread designs 

will have a regrooving depth indicator as shown below.  

Do not regroove below the depth of the indicator. 

Regrooving depth indicators are holes (of 4 mm depth) 

situated on the treadwear indicator to indicate the 

recommended regrooving depth for these tires.

It is the responsibility of the regroover to assure that 

all Federal Regulations are met. See US Code of Federal 

Regulations: Title 49, Transportation; Parts 569 and 

393.75.

One of the regulations governing regrooving tires 

requires that a regrooved tire must have a minimum 

of 90 linear inches of tread edge per linear foot of the 

circumference.

The MICHELIN® XZU®2 tire has only 3 circumferential 

tread grooves. To meet the 569.7 (iii) requirement, 

additional lateral grooves must be added as shown below.

REGROOVING

New Used Regrooved

1.6 mm

4.0 mm

1.6 mm = 2/32nds
4.0 mm = 5/32nds

Depth Indicators
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569.7   REQUIREMENTS.
https://www.ecfr.gov/current/title-49/subtitle-B/ 
chapter-V/part-569/section-569.7

(a)	Regrooved tires. 
(1) Except as permitted by paragraph (a)(2) of this section, 

no person shall sell, offer for sale, or introduce or deliver 

for introduction into interstate commerce regrooved tires 

produced by removing rubber from the surface of a worn 

tire tread to generate a new tread pattern. Any person who 

regrooves tires and leases them to owners or operators 

of motor vehicles and any person who regrooves his own 

tires for use on motor vehicles is considered to be a person 

delivering for introduction into interstate commerce within 

the meaning of this part.

(2)	A regrooved tire may be sold, offered for sale, or introduced 

for sale or delivered for introduction into interstate 

commerce only if it conforms to each of the following 

requirements:

(i) The tire being regrooved shall be a regroovable tire;

(ii) After regrooving, cord material below the grooves shall 

have a protective covering of tread material at least 3 ⁄32-

inch thick;

(iii) After regrooving, the new grooves generated into the 

tread material and any residual original molded tread 

groove which is at or below the new regrooved depth 

shall have a minimum of 90 linear inches of tread edges 

per linear foot of the circumference;

(iv) After regrooving, the new groove width generated into 

the tread material shall be a minimum of 3/16-inch and 

a maximum of 5 ⁄16-inch;

(v) After regrooving, all new grooves cut into the tread shall 

provide unobstructed fluid escape passages; and

(vi) After regrooving, the tire shall not contain any of the 

following defects, as determined by a visual examination 

of the tire either mounted on the rim, or dismounted, 

whichever is applicable:

(A) Cracking which extends to the fabric,

(B) Groove cracks or wear extending to the fabric, or

(C) Evidence of ply, tread, or sidewall separation;

(vii) If the tire is siped by cutting the tread surface without 

removing rubber, the tire cord material shall not be 

damaged as a result of the siping process, and no sipe 

shall be deeper than the original or retread groove depth.

(b) Siped regroovable tires. No person shall sell, offer for 

sale, or introduce for sale or deliver for introduction into 

interstate commerce a regroovable tire that has been siped 

by cutting the tread surface without removing rubber if 

the tire cord material is damaged as a result of the siping 

process, or if the tire is siped deeper than the original or 

retread groove depth.

REGROOVING CODE
U. S. CODE OF FEDERAL REGULATIONS:   
TITLE 49, TRANSPORTATION; PARTS 569.7 AND 393.75 (EXTRACTS)
For complete regulations, go to: https://www.ecfr.gov/

393.75   TIRES.
https://www.ecfr.gov/current/title-49/subtitle-B/ 
chapter-III/subchapter-B/part-393/subpart-G/ 
section-393.75

(a) No motor vehicle shall be operated on any tire 

that –

(1)	Has body ply or belt material exposed through 

the tread or sidewall,

(2)	Has any tread or sidewall separation,

(3)	Is flat or has an audible leak, or

(4)	Has a cut to the extent that the ply or belt 

material is exposed.

(b	 Any tire on the front wheels of a bus, truck, or 

truck tractor shall have a tread groove pattern 

depth of at least 4 ⁄ 32 of an inch when measured 

at any point on a major tread groove. The 

measurements shall not be made where tie bars, 

humps, or fillets are located.

(c)	Except as provided in paragraph (b) of this 

section, tires shall have a tread groove pattern 

depth of at least 2 ⁄ 32 of an inch when measured 

in a major tread groove. The measurement shall 

not be made where tie bars, humps or fillets are 

located.

(d)	No bus shall be operated with regrooved, 
recapped or retreaded tires on the front wheels.

(e)	A regrooved tire with a load-carrying capacity 

equal to or greater than 2,232 kg (4,920 pounds) 

shall not be used on the front wheels of any truck 

or truck tractor.
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Transit applications in Urban conditions may 

experience sidewall abrasion damage from rubbing the 

tire’s sidewall along a curb. This damage is primarily 

found on the right side of the vehicle on the front and rear 

positions. MICHELIN® X® INCITY Z and XZU®3 transit 

tires are designed to operate in these conditions and offer 

additional sidewall protection in these situations. The 

Urban tires also have a molded sidewall depth indicator 

to assist in knowing how deep the tire can wear before 

rotating away from that scrub position.

NOTE: Not all tire sidewall depth indicators are located 

along the same plane in the sidewall. 

MICHELIN® X® INCITY Z AND  
X® INCITY Z SL TIRE

The MICHELIN® X® INCITY Z tire has sidewall depth 

indicators at 4 identical locations. Therefore, if very 

little or no sidewall depth indicator is visible on the 

MICHELIN® X® INCITY Z tire it is time to rotate sidewalls.  

The MICHELIN® X® INCITY Z SL tire has 3 sidewall depth 

indicators.

If no sidewall depth indicator is available and the 

product you are using it is not maximized for urban use 

the tire should accept some lighter levels of tire curbing. 

When the sidewall writing and beauty rings are worn off it 

is time to rotate sidewalls. 

Prior to rotating the tire sidewall, the sidewall should 

be examined to make sure there are no cords exposed or 

cuts deeper than 3 mm. If these conditions exist, the tire 

should be removed and scrapped.  

TRANSIT APPLICATIONS IN URBAN CONDITIONS

New Sidewall Depth Indicators

Worn Sidewall Depth Indicators
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FACTORS THAT COST FLEETS MONEY
Overall Goal:  Maintain all tires at the fleet target 

inflation pressure based on the manufacturers’ 

application data book for the axle load.  When monitoring 

inflation pressure well maintained fleets keep the tires 

within 5 psi of this setting, and not more than 5 psi 

different than the dual tire next to it in operation.

1. Low Inflation Pressure
Under-inflation is the biggest issue in the industry.  

It is the number one cause of premature tire removal. 

With the advancement in today’s radial casing, it is 

virtually impossible to determine if a tire is properly 

inflated without using a pressure gauge. Periodically 

calibrate the gauges using a master gauge. Over time, 

usage conditions can cause a pressure gauge to loose 

accuracy beyond the 2 psi manufactures tolerance range.  

The time and effort required to verify gauges and to check 

tire pressure is time well spent.

Goal:  Maintain all tires at the fleet target inflation 

pressure based on the manufacturers’ application data 

book for the axle load.  

Effect:  An inflation pressure mismatch of greater than 

five psi will result in the two tires of a dual assembly 

being significantly different in circumference resulting 

in  irregular wear and can also lead to eventual tire loss 

due to premature casing fatigue. A difference of five psi 

between steer tires will cause the vehicle to pull to the 

side with the lower pressure. Additionally, under inflation 

results in internal tire heat buildup and potentially 

premature tire failure.

2. High Inflation Pressure
Over inflated tires increase the likelihood of crown cuts, 

impact breaks, punctures, and shock damage resulting 

from the decrease of sidewall flexing and an increase in 

firmness of the tread surface.   

Goal:  Maintain all tires at the fleet target inflation 

pressure based on the manufacturers’ application data 

book for the axle load.  

Effect:  Increases the probability of potential casing 

damage. This change in contact patch footprint could 

result in a reduction of traction and tread life.

3. Missing Valve Caps
Missing valve caps are a primary source of low inflation 

pressure. Valve caps are used to keep debris out of the 

core and act as a secondary air seal if the valve core 

happens to leak. Verify there is a good tight seal by use 

of a spray type leak detector. A good “metal” cap with a 

rubber seal will hold tire pressure without a valve core.

Goal:  Install suitable valve caps on all wheel positions.  

Consider the use of inflate-thru valve caps for easier 

pressure maintenance.

Effect:  The number one cause of tire pressure loss can 

be attributed to missing valve caps. Operating without 

valve caps can result in under inflation and the conditions 

mentioned above in 1 and 2.

4. Dual Mismatch Inflation Pressure
Dual mismatched pressures can cause a permanent 

irregular wear pattern to develop and within a few weeks 

can potentially be a cause of early tire removal. Dual 

mismatched pressure will also affect the matched tire, 

causing accelerated tread wear and casing fatigue.

Goal:  Maintain all tires at the fleet target inflation 

pressure based on the manufacturers’ application data 

book for the axle load. Well maintained fleets keep the 

tires within 5 psi of this setting when monitoring inflation 

pressure.

Effect:  This irregular wear can result in early removal or 

require tire rotation to minimize the effect. 

5. Dual Mismatch Height
Dual mismatch tread depths (tire height differences) 

will cause irregular wear. Additionally, the larger tire (the 

one with the greatest tread depth) will become over-

fatigued due to bearing more weight, this accelerates 

premature casing failure. 

Goal:  Match tires in dual assembly with equal tread 

depths. Well maintained fleets use ± 4/32" of tread 

depth as maximum allowable difference in overall height 

between the duals.

Effect:  Dual mismatch tread depths can cause a 

permanent irregular wear pattern in a few weeks resulting 

in early removal or a lost casing.  

6. Irregular Wear
Proper inflation pressure, correct toe settings and 

proper alignment can prevent most irregular wear.  

Steer, drive, and trailer axle alignment verification and/

or correction can be performed with a minimal cost or 

investment in equipment.

Goal:  Reduce irregular wear by proactive tire and 

vehicle maintenance programs.

Effect:  Once a wear pattern develops, it will continue 

until the tire is rotated or removed to be retreaded or 

scrapped. Diagnosis and correction of the cause is part  

of the solution in preventing future conditions. Average 

occurrence of irregular wear typically results in a loss 

of tread life resulting in a much higher total cost of 

ownership.

“THE CRITICAL 6”
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Publications – Data Books:
MICHELIN® Truck Tire Data Book . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                                                     MWL40731
MICHELIN® Agricultural & Compact Tire Databook. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                                      MUT41305
MICHELIN® Passenger Tire and Light Truck Tire Data Book. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                              MDL41780
MICHELIN® Earthmover & Industrial Data Book . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                                        MEL81234
BFGoodrich® Commercial Truck Tires Data Book. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                                        BWT42029
BFGoodrich® Passenger and Light Truck Tire Databook  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                                 BDL20715
UNIROYAL® Passenger & Light Truck Data Book . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                                        UHL31264

Publications – References:
Cage It Poster 24”x36”. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                                                                MWT43142
Crown/Sidewall Repair Template. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                                                      MWT40192
MICHELIN® Earthmover and Industrial Tire Reference Brochure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                         MEL41736
MICHELIN® RV Tires . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                                                                 MWL43146
MICHELIN® Truck Tire Nail Hole Repair Procedures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                                    MWT40163
MICHELIN® Truck Tire Nail Hole Repair Video. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                                          MWV43941
Nail Hole Repair Poster 24”x36”. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                                                       MWT43210
The Usual Suspects Drive, Flyer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                                                       MWT43661
The Usual Suspects Drive, Poster 24”x36”  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                                             MWT43962
The Usual Suspects Steer, Flyer. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                                                        MWT43963
The Usual Suspects Steer, Poster 24”x36”  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                                              MWT43964
The Usual Suspects Trailer, Flyer. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                                                      MWT43965
The Usual Suspects Trailer, Poster 24”x36”  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                                            MWT43966

Publications – Warranties:
BFGoodrich® Truck Tire Operator’s Manual and Limited Warranty. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                        BMW40844
Earthmover Limited Tire Warranty . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                                                    MEE40022
Michelin Retread Technologies, Inc. National Limited Warranty. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                          MWW41268
MICHELIN® Truck Tire Operator’s Manual and Limited Warranty . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                        MWE40021
Passenger and Light Truck - MICHELIN® Complete Warranty . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                            MDW41156
Uniroyal Truck Tire Operator’s Manual and Limited Warranty . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                          UWW10000

Technical Bulletins: business.michelinman.com
business.michelinman.com/tips-suggestions/documents

Videos:
business.michelinman.com
     https://www.youtube.com/c/MichelintruckNA/playlists
BFGoodrich Truck Tires
     https://www.bfgoodrichtrucktires.com/tires/product-videos/

Websites:
business.michelinman.com
www.bfgoodrichtrucktires.com
www.uniroyaltrucktires.com
www.michelinman.com

PUBLICATIONS, VIDEOS, AND WEBSITES
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Industry Contacts and Publications:

OSHA (Occupational Safety and Health Administration). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                                www.osha.gov
– Safety Standard No. 29 Cfr, Part 1910.177

USTMA (U.S. Tire Manufacturers Association) - Formally RMA. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                        www.ustires.org
– Care And Service of Truck and Light Truck Tires 
– Inspection Procedures to Identify Potential Sidewall “Zipper Ruptures” in Steel Cord Radial Truck,  
   Bus and Light Truck Tires (TISB 33, Number 6)

SAE (Society of Automotive Engineers). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                                                 www.sae.org
TIA (Tire Industry Association) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                                                 www.tireindustry.org

– Commercial Tire Service Manual 
TMC (Technology & Maintenance Council). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                                         www.trucking.org

– RP 205D, Use of Tire Bead Lubricants
– RP 206C, Radial and Bias Tire Puncture (Nail Hole) Repair Procedures
– RP 208F, Total Tire Cost Analysis
– RP 209F, Tire and Rim Safety Procedures
– RP 210E, Radial Tire Construction Terminology
– RP 211D, Rim and Wheel Selection and Maintenance
– RP 214E, Tire/Wheel End Balance and Runout
– RP 215F, Sources of Tire and Wheel Information
– RP 216D, Radial Tire Conditions Analysis Guide
– RP 217E, Attaching Hardware for Disc Wheels
– RP 218F, DOT Tire Identification Codes
– RP 219D, Radial Tire Wear Conditions and Causes: A Guide to Wear Pattern Analysis
– RP 221E, Retread Plant Inspection Guidelines
– RP 222D, User’s Guide to Wheels and Rims
– RP 224E, Tire Retread Process
– RP 226D, Radial Tire Repair Identifier (Blue Triangle)
– RP 230C, Tire Test Procedures for Treadwear, Serviceability and Fuel Economy
– RP 232B, Inspection Procedures to Identify Potential Sidewall Zipper Rupture in Truck and Bus Tires
– RP 233C, Radial Tire Nail Puncture Repair Training Guidelines
– RP 235B, Guidelines for Tire Inflation Pressure Maintenance
– RP 236B, Outsourcing Guidelines for Tire and Wheel Maintenance
– RP 237B, Torque Checking Guidelines for Disc Wheels
– RP 238B, Troubleshooting Disc Wheel Looseness
– RP 240B, Steel Wheel and Rim Refinishing Guidelines
– RP 241B, Tubeless Disc Wheel Inspection for Undersized Bead Seats
– RP 242A, Guidelines for Evaluating Tire and Wheel Products and Systems
– RP 243A, Tire and Wheel Match Mounting Markings
– RP 244C, Bias Tire Conditions Analysis Guide
– RP 245A, Tire Assembly Balancing with Wheel Weights
– RP 249A, Safety Issues Related to the Use of Flammable Fluids During Tire Demounting
– RP 250A, Effects of Extreme Temperatures on Hub-Piloted Wheel Torque & Clamp Load
– RP 251A, Irregular Wear in Low-Profile Metric Widebase Radial Tires Used in Trailer Service
– RP 252, Troubleshooting Radial Tire Irregular Wear
– RP 253A, Usage Guidelines for Retreaded Steer Axle Tires
– RP 254A, Usage Guidelines for Repaired Steer Axle Tires
– RP 255, Understanding Disc Wheel Outset, Inset and Offset
– RP 256, Inspection Criteria for Steel and Aluminum Wheel Corrosion & Pitting
– RP 257, Measuring Wheel End Assembly Runout
– RP 258, Tire and Wheel Maintenance Guidelines for Covered Farm Vehicles & Low Use/Special Mobile Equipment Highway Vehicles
– RP 259, Maintenance Consideration For 6x2 Tractor Tires
– RP 261, Considerations for Aerodynamic Wheel Covers
– RP 262, Guidelines For Jacking and Lifting Tractors And Trailers
– RP 264, Lean Practices for Tire & Wheel Management
– RP 265, Understanding Rim Flange Wear
– RP 266, Shop Tools and Procedures for Demountable Rim Assemblies
– RP 269, Guidelines for Tire Shop Tools and Equipment

TRIB (Tire Retread Information Bureau). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                                            www.retread.org
TRA (The Tire and Rim Association, Inc.). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                                            www.us-tra.org
TTMA (Truck Trailer Manufacturers Association) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                                                  www.ttmanet.org

– TTMA RP No. 71, Trailer Axle Alignment



184     Section Nine: Appendix     

A

Ackerman Principle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                       67
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Thrust Angle Deviation  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                             161
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