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Brake Caliper Support Links
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Force vs Strain in Brake Link

Force vs Strain in Brake Link
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Expected Behavior

Compression during braking

Direction of Travel
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Tension during braking
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Major Assumption

* The Strain Measured By The Single Strain

On The Link Is A Good Indication Of Strain
In Link

* Should Be A Good Assumption Since The
Link Is Pinned At Both Ends
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Examples of Link Behavior

K-8



Data Selection

All Under Braking Condition
Brake Cylinder Pressure ~ 50 psi

Instrumented Axle In Lead Position
— During Sustained Oscillations
— During Non-sustained Oscillations

Instrumented Axle In Trail Position
— During Non-sustained Oscillations

K-9



Table K.1. Examples Analyzed
Time in
Sustained File Speed
Date/File Oscillation Axle Sec. mph
June 16 — File 18 No Trail 375 94
June 18 — File 24 No Lead 310 117
. 110
June 18 — File 24 yes Lead 580
June 17 — File 25 Yes Lead 559 69
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June 16 — File 18
Braking
No Sustained Oscillations
Axle Tralling

t = 375 seconds
Speed = 94 mph
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June 16 — File 18 — 375 seconds
Braking, No Sustained Oscillations and Axle

Trailing
WABTEC/SAB-WABCO Disc Brake Cylinder Pressure
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June 16 — File 18 — 375 seconds
Braking, No Sustained Oscillations and Axle
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June 16 — File 18 — 375 seconds
Braking, No Sustained Oscillations and Axle
Trailing
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June 16 — File 18 — 375 seconds
Braking, No Sustained Oscillations and Axle
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June 16 — File 18 — 375 seconds
Braking, No Sustained Oscillations and Axle

Trailing
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dB
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PSD of WABTEC/SAB-WABCO Disc, Left Link Strain, 16384 points, 5 point moving avg

June 16 — File 18 — 375 seconds
Braking, No Sustained Oscillations and Axle
Trailing
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June 16 — File 18 — 375 seconds

Braking, No Sustained Oscillations and Axle
Trailing

PSD of WABTEC/SAB-WABCO Disc, Right Link Strain, 16384 points, 5 point moving avg
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June 16 — File 18 — 375 seconds

Braking, No Sustained Oscillations and Axle

Trailing
Sustained Harmonic Strain
Date /File/ time Oscillation | Axle | Content Change
June 16 — File 18 -375 No Trail No Tension
Left Right
Sustained Link Link
Date / File/ time Oscillation | Axle | microstrain| microstrain
June 16 — File 18 -375 No Trail +130 +21
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June 18 — File 24 Braking
No Sustained Oscillations
Instrumented Axle in Lead

t = 310 seconds
Speed = 117 mph
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June 18 — File 24 — 310 seconds Braking, No
Sustained Oscillations Instrumented Axle in Lead
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June 18 — File 24 — 310 seconds Braking, No
Sustained Oscillations Instrumented Axle in Lead
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June 18 — File 24 — 310 seconds Braking, No
Sustained Oscillations Instrumented Axle in Lead
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June 18 — File 24 — 310 seconds Braking, No
Sustained Oscillations Instrumented Axle in Lead
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June 18 — File 24 — 310 seconds Braking,
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June 18 — File 24 — 310 seconds Braking,
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June 18 — File 24 — 310 seconds Braking,
No Sustained Oscillations Instrumented Axle

in Lead
Sustained Harmonic Strain
Date / File/ time Oscillation | Axle | Content Change
June 18 — File 24 - 310 No Lead No Compression
Left Right
Sustained Link Link
Date / File/ time Oscillation | Axle | microstrain| microstrain
June 18 — File 24 - 310 No Lead -32 -231
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June 18 — File 24
Braking
Sustained Oscillations
Instrumented Axle in Lead

t = 580 seconds
Speed = 110mph
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June 18 — File 24 -580 seconds
Braking

Sustained Oscillations Instrumented Axle in Lead
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June 18 — File 24 -580 seconds
Braking

Sustained Oscillations Instrumented Axle in Lead
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June 18 — File 24 -580 seconds
Braking
Sustained Oscillations Instrumented éj)g!aem(iag &gﬂgons
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June 18 — File 24 -580 seconds
Braking
Sustained Oscillations Instrumented Axle in Lead
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June 18 — File 24 -580 seconds
Braking

Sustained Oscillations Instrumented Axle in Lead

WABTEC/SAB-WABCO Disc, Left Link Strain
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June 18 — File 24 -580 seconds
Braking

Sustained Oscillations Instrumented Axle in Lead
WABTEC/SAB-WABCO Disc, Right Link Strain
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June 18 — File 24 -580 seconds
Braking

Sustained Oscillations Instrumented Axle in Lead
WABTEC/SAB-WABCO Disc, Left Link Strain
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June 18 — File 24 (Brake, BOP)

WABTEC/SAB-WABCO Disc, Right Link Strain

0.1 Seconds /\ 18.6 cycles in .1 seconds
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Links Out Of Phase
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June 18 — File 24 -580 seconds

Braking

Sustained Oscillations Instrumented Axle in Lead
PSD of WABTEC/SAB-WABCO Disc, Right Link Strain,
16384 points, 5 point moving avg, t=581s, speed = 110 mph
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June 18 — File 24 -580 seconds

Braking
Sustained Oscillations Instrumented Axle in Lead
Sustained Harmonic Strain
Date / File/ time Oscillation | Axle | Content Change
June 18 — File 24 -580 yes Lead Yes Compression
Left Right
Sustained Link Link
Date / File/ time Oscillation | Axle | microstrain | microstrain
June 18 — File 24 -580 yes Lead -32 -221
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June 17 — File 25
Braking
Sustained Oscillation
Instrumented Axle In Lead
Speed = 68 mph
T = 559 seconds
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Braking
Sustained Oscillation Instrumented Axle in Lead
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June 17 — File 25 -559 seconds
Braking
Sustained Oscillation Instrumented Axle in Lead
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June 17 — File 25 -559 seconds
Braking
Sustained Oscillation Instrumented Axle in Lead
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June 17 — File 25 -559 seconds

Braking
Sustained Oscillation Instrumented Axle in Lead

WABTEC/SAB-WABCO Disc, Left Link Strain, 3000 point moving avg
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June 17 — File 25 -559 seconds
Braking

Sustained Oscillation Instrumented Axle in Lead
Knorr Disc, Left Link Strain, 3000 point moving avg
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Braking

Sustained Oscillation Instrumented Axle in Lead
WABTEC/SAB-WABCO Disc, Right Link Strain
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June 17 — File 25 -559 seconds
Braking

Sustained Oscillation Instrumented Axle in Lead
WABTEC/SAB-WABCO Disc, Left Link Strain
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June 17 — File 25 -559 seconds
Braking

Sustained Oscillation Instrumented Axle in Lead
Right and Left Link Out of Phase

WABTEC/SAB-WABCO Disc, Left Link Strain
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WABTEC/SAB-WABCO Disc, Right Link Strain
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PSD of WABTEC/SAB-WABCO Left Link Strain, 16384 points, 5 point moving avg

June 17 — File 25 -559 seconds
Braking
Sustained Oscillation Instrumented Axle in Lead
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June 17 — File 25 -559 seconds
Braking

Sustained Oscillation Instrumented Axle in Lead
PSD of WABTEC/SAB-WABCO Right Link Strain, 16384 points, 5 point moving avg
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June 17 — File 25 -559 seconds

Braking
Sustained Oscillation Instrumented Axle in Lead
Sustained Harmonic Strain
Date / File/ time Oscillation | Axle | Content Change
June 16 — File 18 -375 No Trail No Tension
Left Right
Sustained Link Link
Date / File/ time Oscillation | Axle | microstrain| microstrain
June 17 — File 25 -559 Yes Lead -17 -189
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Observations

* No sustained oscillations
— Small Dynamic Link Strains
— No Harmonic Link Content
— Brake Links in Compression or Tension

» Sustained Oscillations
— Only Observed when Brake Links in Compression
— Large Dynamic Link Strains
— Harmonic Content — Fundamental Frequency
~ 187 Hz
— May Indicate Stick- Slip Behavior
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Observations

 The Two Links Show Some Similar Behaviors
— Both Demonstrate Same Direction Of Strain Change
— Both Have Similar Shape In The Time Domain

e Left Link

— Larger Than Right Link For Tension (Trailing Axle) By
Factor Of 6

. Right Link

— Larger Than Left Link For Compression
( Leading Axle) By Factor Of 7 To 10
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Data Analyzed

Sustained Harmonic Strain
Date / File/ time Oscillation | Axle | Content Change
June 16 — File 18 -375 No Trall No Tension
June 18 — File 24 - 310 No Lead No Compression
June 18 — File 24 -580 Yes Lead Yes Compression
June 17 — File 25 -559 Yes Lead Yes Compression
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Data Analyzed

Left Right
Sustained Link Link
Date / File/ time Oscillation | Axle | microstrain | microstrain
June 16 — File 18 -375 No Trail +130 +21
June 18 — File 24 - 310 No Lead -32 -231
June 18 — File 24 -580 Yes Lead -32 221
June 17 — File 25 -559 Yes Lead -17 -189
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