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Axle Accelerations



F-3

Lateral Acceleration (Lead)
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Vertical Acceleration (Lead)
Day 3 Accelerations (Peaks)
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Conclusions – 5/26/05
• The car tested with the instrumented axle in the 

leading position
• Accelerations Generally Increase With Speed
• Lateral Acceleration Measured On The Bearing 

Generally Higher Than On The Axle
• Axle Bearing System Peak Accelerations 

– Vertical Bearing – 117 G’s
– Lateral Bearing – 53 G’s
– Lateral Axle – 26 G’s
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Lateral Acceleration (Trailing)

Day 4 Accelerations (99.9% Percentile)
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Vertical Acceleration (Trailing)

Day 4 Accelerations (99.9% Percentile)
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Conclusions – 5/27/05
• The car tested with the instrumented axle in the 

trailing position
• Accelerations Generally Increase With Speed
• Lateral Acceleration Measured On The Bearing 

Generally Higher Than On The Axle
• Axle Bearing System Peak Accelerations 

– Vertical– 113 G’s
– Lateral Bearing– 45 G’s
– Lateral Axle – 26 G’s



F-9

Axle Lateral, Leading vs Trailing
Leading vs Trailing Axle Configuration
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LBox Lateral, Leading vs Trailing
Leading vs Trailing Axle Configuration
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LBox Vertical, Leading vs Trailing
Leading vs Trailing Axle Configuration
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Vertical to Lateral Ratio
Ratio of Vertical to Lateral Acceleration (99.9% Percentile)
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Vertical to Lateral Ratio
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Other Observations

• Change in accelerations due to axle 
position as leading or trailing is negligible

• Vertical Accelerations on Bearing Boxes 2 
To 3.5 Times the Lateral Accelerations

• Vertical Accelerations on Calipers 0.5 to 
1.5 times the Lateral Accelerations



F-15

Lateral Shocks
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Table F.1 Lateral Accelerations Exceeding 30 G

Represents the number of acceleration events where the lateral acceleration on the axle boxes exceeded 30 G.
The Right Box accelerometers were changed from the Silicon Design accelerometers to PCB accelerometers after Day 2.

Acceleration
Range

W/S-W Left W/S-W Right W/S-W Axle W/S-W Left W/S-W Right W/S-W Axle
30 g ≤ x < 40 g 0 2 0 0 4 0
40 g ≤ x < 50 g 0 0 0 0 0 0
50 g ≤ x < 60 g 0 0 0 0 0 0
60 g ≤ x < 70 g 0 0 0 0 0 0
70 g ≤ x < 80 g 0 0 0 0 0 0

80 g ≤ x 0 0 0 0 0 0

Total 0 2 0 0 4 0
Maximum 0 37.34 0 0 39.1 0
Minimum 0 37.05 0 0 32.07 0

May 16, 2005
Washington, DC, to Boston, MA 

Test Axle in Trail Position

May 17, 2005

Test Axle in Lead Position
Boston, MA, to Washington, DC

Acceleration
Range

W/S-W Left W/S-W Right W/S-W Axle W/S-W Left W/S-W Right W/S-W Axle
30 g ≤ x < 40 g 22 8 0 12 6 0
40 g ≤ x < 50 g 6 3 0 6 4 0
50 g ≤ x < 60 g 2 2 0 0 2 0
60 g ≤ x < 70 g 0 0 0 1 2 0
70 g ≤ x < 80 g 1 0 0 0 0 0

80 g ≤ x 0 0 0 0 0 0

Total 31 13 0 19 14 0
Maximum 75.33 52.65 0 62.46 38.56 0
Minimum 30.04 -52.45 0 -44.97 -63.74 0

May 26, 2005

Test Axle in Lead Position

May 27, 2005
Boston, MA, to Washington, DC

Test Axle in Trail Position
Washington, DC, to Boston, MA 
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Table F.1 Lateral Accelerations Exceeding 30 G

Represents the number of acceleration events where the lateral acceleration on the axle boxes exceeded 30 G.
The Right Box accelerometers were changed from the Silicon Design accelerometers to PCB accelerometers after Day 2.

Acceleration
Range

W/S-W Left W/S-W Right W/S-W Axle Knorr Left Knorr Right Knorr Axle
30 g ≤ x < 40 g 15 8 0 15 10 0
40 g ≤ x < 50 g 2 1 0 3 0 0
50 g ≤ x < 60 g 1 1 0 1 0 0
60 g ≤ x < 70 g 0 0 0 0 0 0
70 g ≤ x < 80 g 0 0 0 0 0 0

80 g ≤ x 0 0 0 0 0 0

Total 18 10 0 19 10 0
Maximum 58.53 38.91 0 44.56 38.92 0
Minimum -38.29 -51.37 0 -58.38 30.16 0

June 17, 2005
Washington, DC, to Boston, MA 

Test Axle in Lead Position

Acceleration
Range

W/S-W Left W/S-W Right W/S-W Axle Knorr Left Knorr Right Knorr Axle
30 g ≤ x < 40 g 8 8 0 6 7 0
40 g ≤ x < 50 g 6 1 0 0 1 0
50 g ≤ x < 60 g 2 0 0 0 0 0
60 g ≤ x < 70 g 0 0 0 0 0 0
70 g ≤ x < 80 g 0 0 0 0 0 0

80 g ≤ x 0 0 0 0 0 0

Total 16 9 0 6 8 0
Maximum 52.98 42.96 0 38.63 41.3 0
Minimum 30.52 30.78 0 -30.95 30.36 0

Test Axle in Lead Position
Boston, MA, to Washington, DC

June 18, 2005
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Vertical Shocks
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Table F.2 Vertical Accelerations Exceeding 50 G

Represents the number of acceleration events where the vertical acceleration on the axle boxes exceeded 50 G.
The Right Box accelerometers were changed from the Silicon Design accelerometers to PCB accelerometers after Day 2.

Acceleration
Range

W/S-W Left W/S-W Right W/S-W Left W/S-W Right W/S-W Left W/S-W Right W/S-W Left W/S-W Right
50 g ≤ x < 60 g 45 42 34 38 58 74 45 55
60 g ≤ x < 70 g 13 23 16 20 29 39 19 31
70 g ≤ x < 80 g 18 6 8 7 11 16 17 24
80 g ≤ x < 90 g 6 3 9 5 6 14 7 10

90 g ≤ x < 100 g 5 6 4 12 5 8 8 7
100 g ≤ x 5 0 8 0 6 10 5 10

Total 92 80 79 82 115 161 101 137
Maximum 126.05 99.08 117.52 99.18 155.58 145 132.28 132.25
Minimum -61.05 -52.97 -51.3 -69.67 -69.4 -52.02 -57.3 -69.54

May 26, 2005
Washington, DC, to Boston, MA 

Test Axle in Lead Position

May 27, 2005
Boston, MA, to Washington, DC

Test Axle in Trail Position

May 16, 2005 May 17, 2005

Test Axle in Lead Position
Boston, MA, to Washington, DC

Test Axle in Trail Position
Washington, DC, to Boston, MA 

Acceleration
Range

W/S-W Left W/S-W Right Knorr Left Knorr Right W/S-W Left W/S-W Right Knorr Left Knorr Right
50 g ≤ x < 60 g 35 50 36 37 36 30 37 32
60 g ≤ x < 70 g 25 26 24 18 18 21 20 23
70 g ≤ x < 80 g 17 13 10 23 6 8 12 13
80 g ≤ x < 90 g 7 9 5 7 8 10 6 6

90 g ≤ x < 100 g 3 5 10 2 2 6 1 2
100 g ≤ x 9 7 13 8 8 6 11 6

Total 96 110 98 95 78 81 87 82
Maximum 188.85 150.23 171.58 152.25 154.69 132.34 178.27 123.41
Minimum 50.02 50.35 50.03 50.03 50.31 50.07 50.61 50.13

June 17, 2005
Washington, DC, to Boston, MA 

Test Axle in Lead Position
Boston, MA, to Washington, DC

Test Axle in Lead Position

June 18, 2005
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Vertical Accelerations Exceeding 100 G  vs. Speed

100+ G Vertical Acceleration Events
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BOP vs Vertical Acceleration
100+ G Vertical Acceleration Events
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Vertical Impulse During Sustained Oscillations
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WABTEC/SAB-WABCO Disc

• Speed = 124.5 mph
• LBOXVERT = 145.75 g
• RBOXVERT = -73.05 g
• BOP = 1487 µE
• Brake Pressure = 0.439 psi

Day 7 (6/18/2005) – File 30
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Knorr Disc

• Speed = 124.5 mph
• LBOXVERT = 145.29 g
• RBOXVERT = -48.61 g
• BOP = 290 µE
• Brake Pressure = 0.25 psi

Day 7 (6/18/2005) – File 30
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Day 6 – File 25
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Day 6 – File 25
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Table F.3  Details of Vertical Accelerations 
Exceeding 100 G
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Table F.3  Details of Vertical Accelerations Exceeding 100 G
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Table F.3  Details of Vertical Accelerations Exceeding 100 G
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Table F.3  Details of Vertical Accelerations Exceeding 100 G
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Table F.3  Details of Vertical Accelerations Exceeding 100 G
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Vertical Acceleration Events
• For any given sensor location, vertical acceleration exceeds 100G on the 

axle boxes approximately 5 – 13 times per day
• The events where acceleration exceeds 100 G can be grouped into 

approximately 48 instances for the entire Northeast Corridor for all 6 runs 
between Boston and DC

• The correlation between accelerations above 100 G and speed is small
• Accelerations above 100 G were observed at speeds greater than 40 mph
• The number of high acceleration events remains similar each day and on 

each axle
• The Silicon Design accelerometers used on the right box on Days 1 and 2 

produced questionable results
• Vertical acceleration events sometimes cause a brake disc oscillation of 

short duration regardless of whether brakes are applied
• Vertical acceleration events are usually not associated with sustained brake 

disc oscillations that occur during braking
• Vertical acceleration events during sustained oscillation can increase the 

severity of the BOP for a short duration
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Relationship of BOP Strain 
During Non-Braking Conditions to 

Acceleration Differences
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The Problem

• During Non-braking Conditions, The 
WABTEC/SAB-WABCO Disc Responds 
To Track Input From Both The Right Rail 
Or The Left Rail

• The Response Mode Is An Asymmetric 
Out Of Plane Bending Of The Spokes

• What Are The Characteristics Of This 
Response? 
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Ar(t)Al(t)

Acceleration Difference=Al(t) - Ar(t)
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Model Bump Acceleration

Disc
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Model for Bump Acceleration

• This Mode Of Motion Does Not Excite An 
Out Of Plane Response Of The Spokes

• Since The Major Events Of High Axle Box 
Acceleration Are Predominantly A Single 
Side Event, The Value Of The Bump 
Acceleration Is Approximately Equal To 
The Acceleration Difference
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Model for Acceleration 
Difference
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Approach
• Selected Events From May 26 Where Right 

Acceleration Levels Were Above 100 G’s
• Observed BOP Strains Resulting From These 

Events
• Analyzed The Tilt Acceleration And Spoke 6 

BOP Levels
• Plotted Tilt Acceleration Times The Sine Of 

Spoke 6 Position Angle Versus The Peak BOP 
Acceleration That Resulted From This 
Acceleration
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Example 1
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Slip Ring Output
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Slip Ring Output

Tilt Acceleration normalized to a peak value of 5 to allow 
the peak acceleration signal to be associated with a 
phase angle (for analysis purposes only)
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Slip Ring Output

Tilt Acceleration normalized to a peak value of 5 to allow 
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phase angle (for analysis purposes only)



F-45

-10

-5

0

5

10

0 0.02 0.04 0.06 0.08 0.1 0.12

Example 6

Slip Ring Output
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BOP Strains Recorded on Spoke 6 of
Center WABTEC/SAB-WABCO Disc - May 26, 2005

BOP Strain Amplitude = 5.3227(Acceleration Difference )
R2 = 0.3401
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BOP Strains Recorded on Spoke 6 of
Center WABTEC/SAB-WABCO Disc - May 26, 2005

BOP Strain Amplitude= 7.86(Accel Difference x Sine of Spoke Angle)
R2 = 0.73

-

200

400

600

800

1,000

1,200

1,400

0 20 40 60 80 100 120 140 160

Acceleration Difference x Sine of Spoke Angle 
(G)

B
O

P 
St

ra
in

 (m
ic

ro
st

ra
in

)



F-48

Conclusions

• The BOP Response To Single Track 
Related Acceleration Pulses Are 
Proportional To The Level of Acceleration 
Differences And The Sine Of The Spoke 
Angular Position

• Based On The Limited Sample

BOP=7.5 Tilt  Sin (Spoke Angle)
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Comparison of Response of 
WABTEC/SAB-WABCO and 

Knorr Brake Discs 
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Table F.4. Statistics, Axle 1, 6/17/2005

CH57_RBOXVERT11.61.30.0150.2-58.7

CH56_RBOXLAT10.60.80.039.3-51.4

CH55_LBOXVERT11.51.20.0188.9-73.5

CH54_LBOXLAT10.60.80.058.5-42.6

CH12_CTRCALPLONG10.30.50.116.6-17.1

CH11_CTRCALPVERT10.80.90.231.3-31.1

CH10_CTRCALPLAT11.31.10.048.6-53.4

CH09_BRMTLONG10.30.50.015.6-12.9

CH06_BRMTVERT10.30.60.010.4-9.0

CH05_BRMTLAT10.20.50.08.5-9.1

CH04_TRFLLONG10.30.60.018.8-11.8

CH03_TRFLVERT10.60.70.024.0-18.4

CH02_02_TRFLLAT10.50.70.011.6-15.8

CH01_AXLELAT1-11.51.2-0.1170.8-213.8

ChannelRMSStdevMeanMaxMin
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Table F.5. Statistics, Axle 1, 6/17/2005

CH61_RBOXVERT21.51.20.0152.3-69.2

CH60_RBOXLAT21.71.30.0155.4-86.9

CH59_LBOXVERT21.61.30.0171.6-64.4

CH58_LBOXLAT22.11.40.0122.3-124.4

CH25_CTRCALPLONG20.30.50.212.8-14.9

CH24_CTRCALPVERT20.50.70.026.2-31.5

CH23_CTRCALPLAT20.30.6-0.139.7-44.8

CH22_BRMTLONG20.30.50.010.5-12.9

CH21_BRMTVERT20.30.50.012.2-10.6

CH20_BRMTLAT20.20.50.07.6-8.4

CH19_TRFLLONG20.40.60.025.4-13.7

CH18_TRFLVERT20.60.80.023.8-17.3

CH17_TRFLLAT20.60.80.017.3-15.9

CH16_AXLELAT20.60.8-0.139.0-31.9

ChannelRMSStdevMeanMaxMin
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Locations for the Following Plots

Yes0125732306/18

Yes56106581246/18

No56110310246/18

BOP
Brake 

Pressure
(PSI)

Speed
(MPH)

Time of
File

(sec)
FileDay
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Axle Accelerations Examples

• June 18, 2005  File 24, t = 310  - No BOP, Braking

• June 18, 2005  File 24, t = 581  - BOP, Braking

• June 18, 2005  File 30, t=732 – BOP, Response to Impact



F-54

6/18/2005 – File 24
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6/18/2005 – File 24
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6/18/2005 – File 24
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6/18/2005 – File 24 (brake, no SO)
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6/18/2005 – File 24 (brake, no SO)
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6/18/2005 – File 24 (brake, SO)
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6/18/2005 – File 24 (brake, SO)
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6/18/2005 – File 24 (brake, SO)
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6/18/2005 – File 30 (no brake)
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6/18/2005 – File 30 (no brake)
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6/18/2005 – File 30 (no brake)
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Caliper Accelerations
• June 18, 2005  File 24, t = 310  - No BOP, Braking

• June 18, 2005  File 24, t = 581  - BOP, Braking

• June 18, 2005  File 30, t=732 – BOP, Response to Impact
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6/18/2005 – File 24
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6/18/2005 – File 24
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6/18/2005 – File 24
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6/18/2005 – File 24 (brake, no SO)
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6/18/2005 – File 24 (brake, no SO)

310.02 310.04 310.06 310.08 310.10 310.12 310.14 310.16 310.18
Sec

-4

-2

0

2

4

G

Center Caliper Vertical Accel,   blue = WABTEC/SAB-WABCO, green = Knorr

0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500
Hertz

-100

-80

-60

-40

-20

dB

PSD of Center Caliper Vertical Accel, 16384 points, 5 point moving avg, t=310 s,
blue = WABTEC/SAB-WABCO,  green = Knorr



F-72

6/18/2005 – File 24 (brake, no SO)
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6/18/2005 – File 30 (no brake)
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6/18/2005 – File 30 (no brake)
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6/18/2005 – File 30 (no brake)
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Brake Mount Accelerations

• June 18, 2005  File 24, t = 310  - No BOP, Braking

• June 18, 2005  File 24, t = 581  - BOP, Braking

• June 18, 2005  File 30, t=732 – BOP, Response to Impact
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6/18/2005 – File 24
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Brake Mount Lateral Accel,   blue = WABTEC/SAB-WABCO, green = Knorr
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6/18/2005 – File 24
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6/18/2005 – File 24
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6/18/2005 – File 24 (brake, no SO)
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6/18/2005 – File 24 (brake, no SO)
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6/18/2005 – File 24 (brake, no SO)
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6/18/2005 – File 24 (brake, SO)
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6/18/2005 – File 30 (no brake)
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Truck Accelerations
• June 18, 2005  File 24, t = 310  - No BOP, Braking

• June 18, 2005  File 24, t = 581  - BOP, Braking

• June 18, 2005  File 30, t=732 – BOP, Response to Impact
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6/18/2005 – File 24

0 100 200 300 400 500 600 700 800
Sec

-15

-10

-5

0

5

10

15

G

Truck Vertical Accel,   blue = WABTEC/SAB-WABCO, green = Knorr
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6/18/2005 – File 24
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6/18/2005 – File 30 (no brake)
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BOP Responses

• June 18, 2005  File 24, t = 310  - No BOP, Braking

• June 18, 2005  File 24, t = 581  - BOP, Braking

• June 18, 2005  File 30, t=732 – BOP, Response to Impact
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6/18/2005 – File 24
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6/18/2005 – File 24 (brake, no SO)
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6/18/2005 – File 24 (brake, SO)
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6/18/2005 – File 30 (no brake)
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Plots of Axle Vertical
Accelerations Exceeding 100 G
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Day 1 – May 16, 2005
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Day 2 – May 17, 2005
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Day 3 – May 26, 2005
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Day 4 – May 27, 2005
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Day 6 – June 17, 2005
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Day 7 – June 18, 2005
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