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Lightweight Excavator Blade Analysis

* NASA’s LANCE Blade | /i
proposed for use in lunar o Mo
outpost development o T )y e

— Basic blade modified to be
lightweight - 3

— Shipping materlal and
providing power to moon 5P
expensive (apprommately |

| - $10,000/1b) - g 7

e »Demonstratlon experlments

. conducted at JSC and Moses

,_Lake ‘Washington

~ _ Showed soil excavation with
the Chariot mobility platform
— Force data collected

Carrier lll, W. D., G. R. Olhoeft, W. Mendell, Physical Properties of the Lunar Surface,
?gg{)ter 9, The Lunar Sourcebook,




Finite Element Analysis (FEA)

Purpose of FEA:

FEA initial conditions:

Replicate Lance Blade/Chariot demonstration tests

Analyze worst case scenario
— 5000 Ib point force at bottom corner

Each test analyzed twice

— Bolted assembly (days to run)
— Bonded assembly (hours to run)

Geometry
* NASA CAD files

Material
e Alnot composite §
Applied load

— Point force
— pressure distribution;

Restraints

3.000e+000

2.751e+000

2.502e+000

. 2.253e+000
. 2.004e+000
. 1.755e+000
- 1.507e+000
. 1.258e+000
- 1.008e+000

. 7.598e-001

. 5.108e-001

2.619e-001

1.300e-002



Finite Element Analysis

* Simple force model developed for each
demonstration test |
— Load cell data from tests
— Video footage of tests
— All models of the form

p=(Ay>+By)psi.
* Thanks to Brian Dreiling

Load Cells ..



Finite Element Analysis

SolidWorks and CosmosWorks (SW/CW)

* Replicate Lance Blade/Chariot demonstration tests

FOS

3.000e+000

2.751e+000

—

2.502e+000
* Analyze worst case scenario | 22532+000
. 2.004e+000
- 1.755e+000
1.507e+000
. 1.258e+000
. 1.009e+000

. 7.598e-001

I e oy . 5.1082-001

R e 11in: 1 .2958-002 i B
P i I 2 619e-001
1.300e-002

Min FOS = 1.3x10/-2



Finite Element Analysis
Patran and Nastran (P/N)

* Analyze worst case scenario for comparison with SW/CW analysis
— Both results show the highest stresses occur in the same area
— Both resulted in high stress in the horizontal support

Model name: complete asseml
Study name: 5000 Ib force lower co
Plot type: Static nodals

5.000x10"5 psi |
< g 2

Max = 5.5x1076 psi Horizontal Support

SW/CW P/N



Worst Case Scenario Analysis Conﬁrmed to__
be Accurate -

Blade failed after hitting pile of wet sand
* Failure occurred in horizontal sU’pp‘brt*-t“hﬁét
both SW/CW and P/N predlcted to have high
stress | mm— e e

Failure in
Horizontal
Support

 SW/CW analyses are valid for blade evaluation



Need to Improve Blade Design

* ModifyLance blade

* Do some blade types have lower stresses/
reaction forces than others for the same
excavation rate?

» Better force model toiimprove FEA

— Other models only calculate total load

— Accurate distributed load model will minimize
overdesign
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Extens1on.of I\/la.rk Gefreh’s measurements to blade”
tools and ng'easurlng force distribution

‘ " ‘\\l‘& -
28

s Dust Enclosure

“while*mgving soli ‘ =
__underneath e

> |
. I\Zleasures total.load in

g vertiGakand horizontal
“direttionss. .
* Uses¥ods fo
tool
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Soil Storage Bucket and Scoop

Gefreh, Mark, Comparison of Excavation Forcesyn ar
;'Sggretica! Medels, CSM Master’s Thesis, WA
. 5 " s
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Measu_rement System Addltlons

\ -

-

-~

Excavator bIade mount _
e J\/Iounts dlrectly to square rod

Wlder soil-box
— Accommodates blades up to
15” wide
/’ e Tekscan pressure mapping
‘; system
— Measures force distribution
across blade face

QI




Tekscan _Pressu re I\/Iappmg System

fModef153OUthm film reS|st|ve sensor - Sensel:
‘: 04" X: 1. 32, actlve measurement area ey i Force
s S ].66 7 se‘nsel mspatnal resolution
— 2280 sel

00 max’tgmplmgrate S
psi press 'Ian.g-e-.‘




an Pressure Mapping System

» “Fully integrated USB interface

»-“I-Scan 6.02 data acquisition and
analysis software included

— Separate from test-bed apparatus
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Raw data is a resistance value at.eac
sensel
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Ing spray a

nables sensor to be used on multiple blades

vVieasures resistance at each sensel cross section
* Analysis software used to produce plots like

— Total load vs time
— Load distribution
— Load profile
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e basic | aluate three bla
nfisurations shapes on basis of

_ Blade width Excavation Rate
— Cutting depth — Flat, straight blade
— Rake angle — Curved, straight blade

: — Flat, V-sh |
— Operating angle AT
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Bz ests performed in Ottawa

Ing the 12” X 1.5” flat model blade

— Ottawa sand properties well known

* Constant velocity for all tests (7.87 in/min)

e Cutting depth varied between 0.05” and 0.25” for
each blade tested in JSC-1A Lunar soil simulant



Curved vs Flat Blades

Curved an,dﬂa‘t bIades tested
| '-.— Same angl_e as’ Lance bIade

charac'terlze cuthng angle
"— Evaluatewgsé shape

& Cuthrg_ eva?@d between ‘v

20




Stralght~vs V-shaped Blades

Tested for,ben\eﬁiof usmg V-
shape'd bla.de B = ~

I:Dad VS excavaﬁ'on raje |
‘Tested 30° 60° . 90° angles

' "'gmese nt. an

= Also Lged
angled-strai




Varylng Blade WldthS

. Three V\U.dth.s tested using -
both flat and curved blades

121’ 10% ag&iﬁ” '
[ ’ ,."'-"_'taHoad and
bution vs ‘blade.‘?




.- Initial Data Analysis Results

- = Tekscan sensor sensitive enough-to capture distribution

Force vs. Time . - v Calibrated Pressure

~

Force vs. Distance

(2.21bf)

Force, Grams

Time, Seconds Distance across Rows, inches

Total .Liad%-ﬂf T | Load Profile

79.855 of 97.319 sec _1 Area: 10.29 in2 Force: 1035.‘335_%[‘ -
oy Y

R . o ure Distribution
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- Initial Data Analysis Results

=% Total loads*within-range of existing force models

—— Gill and Vanden Berg
—7— Swick and Perumpral
—&— McKyes
===t == Luth and Wismer
Balovnev
—8— Zeng
—&&— Qinsen and Shuren
Expenmental Data JSC-1A

Force (N)

08
Cutting Depth (cm)




Imtlal Data Analy5|s Results

’Total fead results followa Ioglcal trend

Average Force

12 in flat blade

12 in curved blade

10 in flat blade
=10 in curved blade
=—8 in flat blade

=#-8 in curved blade

Force (Ibf) 15

0.15

Depth (inches)

ts fo different blades and cutting depths



Whats’ Next?

-~ -

Anéflyze data Gollected

S~

e Develo&dﬁstrlbuted force model

* ’jfl-geometrlek -




