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Crawler Shoe Health Monitoring System

* Crawler Background

® Proof of Concept Testing
®* CTSHM program suite

®* Conclusions

®* Questions/Answers
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Crawler History

> President Kennedy May 25, 1961

> 1962, VAB to Pad transportation
options:

—Rail.
—Barge.

>February of 1962, a team visited
Paradise, Kentucky, to watch a
Bucyrus-Erie 2,700-metric-ton (six-
million pound) crawler-shovel in action.
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Bucyrus-Erie six-million pound crawler-shovel (1962)
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Crawler History

>July 24, 1965 the crawler moved a
launch umbilical tower about 1.6
kilometers.

> Test Alabama river rock and crushed
granite
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The first crawler-transporter ready for service, January 1966
’
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Recent Crawler History

> 4/25/2006 Shoe Failure

» Crawler Transporter Shoe Failure Team
Formed

» Recommendations
»Phased Array Ultrasonic Testing

»Modal Analysis Testing —
Resonance Shift Analysis Testing

> 12/2006 Phased Array Ultrasonic's and
Resonance Shift Analysis Testing
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Resonance Testing

F= [k/m] 0

Where: k= stiffness

m = mass
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What is Resonance Shift Analysis?

Determination of an acceptable component or area by
comparison of known structural resonant frequencies to
current/present structural resonant frequencies.

» Known Sources:
* Baseline
* FEA
®* Modal Tests
* ODP

**NOT A STAND ALONE TEST.
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Crawler Shoes
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Resonance Testing
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Resonance Shift Setup
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Resonance Shift Setup
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Normal Resonance Shift Testing Problems

* Wires

®* Transducers

®* Power

* LEAKAGE
— All the above
— Resolution

— Digital Window
®* Frequency range
® # line of resolution
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Example of bad Data
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Typical Resonance Shift FRF and COH
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Slot in CT Shoe
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Slot in CT Shoe
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FEA Modes

* 1st bending 307.9 Hz
® 2"d bending 606.6 HZ
®* Twisting 524.4 Hz

®* Twisting 624.7 Hz

* 3rd bending 963.6 Hz
* Axial 1246.4 HZ
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Frequency Difference (Baseline — Current Data)

Frequency Difference

Slot 0.175” | 0.35” | 0.52” | 0.69” | 0.87” |1.045” | 1.75”
Depth
Baseline Hz Hz Hz Hz Hz Hz Hz

Hz
312.19 0.31 0.69 0.75 0.06 1.88 1219 4.69
534.06 0 0 0.32 0.32 0.32 0 0
615.0 0 0.31 0.31 0.31 0.31 0.31 0.31
943.13 062 1031 033 0.94 1094 1125 2.5
084.38 031 1063 1.58 282 375 . 0 10
1276.2 0.6 0.7 3.1 4.6 6.5 187 171
1373.1 0 0.7 0.3 0.3 0 0 0
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Laboratory Test Conclusions

*The Resonance Shift Analysis technique will
detect flaws 5.7” by 0.375” wide by 0.175” or more
in depth.

*‘Requires comparison to each shoe’s baseline.

‘Takes approximately 3 minutes to interrogate
entire shoe.

*Can be used for trending the health of shoes on
the crawler shoes as well as large commercial
Shovels.
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Crawler Shoes Field Testing
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Crawler Shoes Field Testing
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Crawler Shoes Field Testing

Shoe located between the
tension rollers and
sprocket found

suitable for identifying
major modes

2 to 3 shoes per location

40 to maximum 48 shoes per
CT move (120 minutes)

456 shoes x 3 minutes = 1368
minutes (22.8hrs) in 12
crawler moves
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CTSHM System Computer Suite

- MS Access Database

» Tracking, Trending, Reporting
SignalCalc Ace Dynamic Analyzer

» Data acquisition
Lab View

»Analysis, Delta from Baseline
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Tracking, Trending, Report

EJ Microsoft Access
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Tracking, Trending, Report - Test Order Form

2 Microsoft Access

8 TestOvderFRM : Form
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Tracking, Trending, Report - Instrumentation

2 Microsoft Access
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Tracking, Trending, Report — Shoe Locations
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Tracking, Trending, Report - Resolution

2 Microsoft Access
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Tracking, Trending, Report - Analysis

2 Microsoft Access
| Fle Edit View Insert Format Records Tools Window Help
- "SRy bR o

B Analysas'l FRM Form

“"a"" " D; Shoe Serial Number]ﬂ =

Coordinator Comments:  Testcoordinator: [ |

|Engineering Comments:

SET  CrawlerNumber  TRUCK : SHOE_NUM
| R e 2 | —
CT_LOCATION  BASELINE  BASELINE_FILF :
| 2] 7]
SHOE TEMP| | mace roc | L ... |
\ ---------------------------------------------

TEST NAME FOLDER ASCH FOLDER €D NUM  HO FILE NAME  FILE TIME _DATE
[Test J|mine H | | J

Center Frequency and Delta change from last analysis

Peak 1 Peak 2 Peak 3 Peak 4 Peak 5
|  Analysis
e | ¥omm
- , Open Labv‘lew Analysts ~ OpenReportForm |
Remrd: le[[—_— » [»1]v#] of 456 R : —
lLogon ID of person taking data. B : / , e e
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Tracking, Trending, Report — Enter Analyst Comments

K Microsoft Access

0470172008 3:17:11 AM
s
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Tracking, Trending, Report — Report Form

2 Microsoft Access
laeﬁdtmwmt&emdsxoohmueb ' ; ; ,
M- B SR sy~ |@[slii| Ay (A% | dE-|0.

~ Open UT required Form|
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Record: 141 < || 1 v siDb*]|of 1 D « ( . .
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Tracking, Trend

2 Microsoft Accse
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Data Analysis Screen

Data Physlci
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CTSHM Graphics Extension 1.02 — Initial Screen

Data Path
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Tracking, Trending, Report — Frequency vs. Amplitude

CTSHM Help Page - Windows internet Explorer
> l{é D:\Program Files\CTSHM"data\CTSHM_Help html

fle Edt View Favoites Tools Help
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Tracking, Trending, Report — Delta From Baseline Trend
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Tracking, Trending, Report — Settings Change
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Crawler Shoe Health Monitoring System

> Summary

* Aviable Resonance Shift Analysis
techniques has been developed to
monitor the health of the each Crawler
Shoe.

* Data acquisition time required for 1
crawler is 22.8 hours plus time
required for 12 Crawler Transporter
moves(7-10 feet each).

®* Technique is used in conjunction with
Ultrasonic Phased Array Analysis.
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Questions?
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Additional Information
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Setup

Frequency Range 0- 2KHz
 Linesofresolution 6400
Pt 777}\71u7mge; Averaéég y 76 ;table
 Trigger  Input
SRS i " Accelerometer: Response

Impact Hammer: Force

Input Force vs. time

Acceleration vs. time

Coherence Function channel 1,2
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Shoe 2

Webbing Webbing
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Shoe 2

T
| Difference

glot I;epth 2.63” ; 4.72” 7 Bas;liné L 7Baseline i

Column 2 Column 3
Baseline : Hz Hz Hz e Hz
Hz

315.31 308.1 305.63 T2l 9.68
|

622.19 | 62?.88 7 62033 0.31 E 17.56 3 n

970.63 : 966.6 965.6 4.03 ] ; ;03 = :

548.87 12g0.9 124757.1 -2.1 37

1385.9 . 7 1385.0 7 13817.3 0.9 4.6

1605.3 | 1604.1 | 1604.1 1.2 1.2

1741.6 i 1735.5 173725 6.1 4.1

1765.3 1 ]755.9 ' 1754717.7 9.4 109 :

“-* Indicates B;selineﬁfrequency was lower. 7 N >
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Shoe 3

P S e 7 S e e e T e e e e e e Ry e e e S e S |

Difference
Slot 3.0”long x Baseline -
il 1 33%deep | Column2
Baseline Hz Hz
SRl | A | Sy g BT
3122 311.8 0.4
548.75 549.06 -0.69
620.94 620.94 0.0
954.69 954.38 0.31
1099.4 1099.4 0.0
1287.5 1274.1 13.0
1379.1 13715 1.6
1523.1 1523.4* -0.3
1743 .4 1743.4* 0.0
1805.0 1804.7* 0.3

“-* Indicates Baseline frequency was lower.

* Indicates COH was less the 0.9.
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Resonant Frequencies

—

Resonant Frequencies

Slot Depth | 0.175” | 0.35” | 0.52” | 0.69” 0.87”11.045” | 1.75”
Baseline Hz Hz Hz Hz Hz Hz Hz

Hz

312.19 312.50 |311.50 [311.56 | 311.25 [31031 1310.00 13075

534.06 534.06 | 534.06 | 534.38 | 534.38 |534.38 |534.06 | 534.06
615.0 615.00 | 614.69 | 614.69 | 614.69 |614.69 | 614.69 | 614.69
943.13 94375 |943.44 [ 9428 |942.19 [942.19 | 941.88 | 940.63
984.38 984.69 |983.75 |982.8 |981.56 |980.63 | 979.38 |974.38
D762 1275.6 . [-1275:7°[51273: 18 [ 127160412697 11267.5 1259.10
1373.1 1373.1 1373.8°1 13134 | 1373.4 4513731 | .1373.1 13931
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