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K-Tec History

o K-Tec started in 2000, when Ken Remple built his first
pull-type scraper in his barn, due to frustration with lack
of quality pull-type scrapers on the market

 Today the manufacture over 100 vehicles per year
e Sizes range from 25 to 63 yard capacity
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About Adaptive Corporation
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1243 ADT Scraper in Action...
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1243 ADT Design
 New Concept to allow
large design to n
assemble into shipping
container
e Design sized using
max/worst case static

loading -

« Final design
approximately 20%
over target weight
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K,.’:‘Efmm 1243 ADT Scraper

Need to understand ...

v Time history Ig @‘- of j\_‘r sygtem in
operation ¥ o /
v’ Representative Uty cycl
v’ Fatigue life of helr systent (Wwe
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Project Goals:

« Create FEM of Tail System

« Determine Load Time Histories on System via
Measured Data

 Develop Duty Cycle from Load Time Histories

o (Calculate Fatigue Life based on Duty Cycle/Load Time

Histories
 Perform Optimization Based on Load Time Histories
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[ BETA Create FEM of Tail System
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[BETA Create FEM of Tail System

CAE Systems §A

ANSA
1 ABAQUS

Apply Unit Loads (100 Ib ) at Loaded Interfaces
A, | Top Pin: FX,FY,FZ

FEA
Unit
Loads

Strut LH
Strut RH

Hitch Pin: FX

;i

._ Axle RH: FX,
Low Pin: FX FY,Fz FY: FZ
) 4 Eject Cyl: FX
i‘AxIe LH: FX,FY,FZ &

Push Block: FX,
FY, FZ -
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The True-Load™ Workflow

&
)\

INPUT 2: Duty Cycles:
not just the most severe

"'r'."EIi";"'!‘ljlﬂ-lliﬁ"l“l"m 'lll’.-,|||1l:,l,."||f“l‘!l

(;NPUTS: Material Da’;
+500 material database,
strain-based, high temp.

User can add own

FEA ANALYSIS: INPUT 1: All stresses
Abaqus, ANSYS, & temperatures
Nastran (MSG, NX, @

NEi). Ideas, Pro/E i 4
W RESULTS:
A Life onto urs

Re-Design \

Design
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Virtual Gauge

T-L Pre-test Placement
§ *ldentify Strain Gauge Placement Based Tf“e'LTer‘i/Pfe'

True-Load

on FEA Unit Loads

¥ part:
Ele #67708 (30 Deg) B
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P8 Strain Gauge Data Collection...
)= @ on Various Terrains, Roads
7 and Duty Cycles
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Loading f
T-L Post-Test: e

True-Load/Post-

e Calculate Loads from Strain Test
Measurement

Event 2 Push Load with D8 Full

True-Load

1 Strut_LH
2 Strut RH
3 Top_Pin_FX
4 Top_Pin_FY
5 Top_Pin_FZ
. 6 Eject_Cyl_FX
Unlt (1N RIS 1 | 7 Low_Pin_FX
i L il I m 8 Low_Pin_FY
oads A !H‘ "* \Mn T
by - . 1) 1 8
1 g Iy ) g -

10 Push_Block_FX
} H IJ“ “M]“q' ﬁ‘ || .w 11 Push_Block_FY
(T " 12 Push_Block_FZ
(0 | 13 Hitch_Pin_FX
14 Ade_LH_FX
15 Ade_LH_FY

16 Axe_LH_FZ
11 17 Ade_RH_FX
18 Axle_RH_FY
19 Axle RH F7

1 Il L | 1
). S0, 100. 150. 200. 250. 300.
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Loading from

. T-L Post-Test: Strans

2 6 e Unit Loads of Fully Loaded R
System vs Weight on Rear Axle
of Fully Loaded System

True-Load

P Event 2 Push Load with D8 Full

70,641 Ibs Load Wt
Only (rear)

|
400, ‘ |
|' 1243 Scraper Wt Distribution
| ‘ Loaded Lift force per 6" 2.5" cyl 61,422 Lbs (2628.7 PSI)
i | | Empty Lift force per 6" 2.5 yl 17,702 Lbs (757.6 PSI)
| | | |
w |: il I ‘ | |l !
B P 5 | I
| o ' ha 1B . | -
{ " 3 U r !.
0. ;
|
| | g g
jialh
|I i | | I| l O
J il | [ T
kil I
| 13,183 Lbs Scraper Wt Only
| 32,559 Lbs Load Wt Only
45,742 Lbs Scraper & Load Wt |
-400.F l 1
| ———03.034 ———
206.485 — 53,051 Lbs Scraper Wt Only
| 100.603

156,251 Lbs Scraper & Load Wt

118.121
103,200 Lbs Load Wt Only




T-L Post-Test

True-Load

Total Vertical Load at Axle: 33420 Ibs
(~5.3% from Estimate Pay Load

v%?e of 35321 Ibs)

This also demonstrates
that the FEM Unit Load can simulate
the Fully Loaded condition
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Cross Plot All Strain Sim v Mes

Strain

Gauge [ S e

Simvs |77 |
Measured ...
Cross-Plot |-

Axle LH FY = 195.10 x 100 Ibs = 19510 Ibs

Axle RH

FY = 139.10 x 100 Ibs = 13910 Ibs

1
[0l0]

L
202

L
204,

1
206

s L
208 210

—— 1243_runZ_200-210_csv==>UnitLoads Frame: 15
— 1243_run2_200-210_csv==>UnitLoads Frame; 18




Loading from
Strains
True-Load/Post-

Test
Load Time History: Event 5: Haul across
woops straight

Tracks:
- Ktec_events_GPS.out

True-Load

K-Tec 1243 strain gauge testing events Sept. 9’14

Self-load as much as possible
Push load with D8 full

Push load with D8 full around corner
Push load deep cut till full H
Haul across woops straight

Haul across alternating woops
Haul high speed along dike loaded, record max speed
Haul high speed along road loaded, record max speed
Haul on rough road with scraper all up to cancel cushion ride.
10.Haul high speed along dike empty, record max speed
11.Haul high speed empty on rough haul road, record speed
12 Haul full load alongside of 4 - 1 slope
13 Haul full load down 4 - 1 slope then make right turn at bottom
14.Empty parked in straight line push on scraper block with D8
> 15.Empty parked in straight line pull on rear pin with D8
16.Loaded push at 45 deg. On roller push block from right with D8T max
pressure
17.Loaded push at 45 deg. On roller push block from left with D8T max 2
pressure 3 : e S|
18.Lift back of scraper up off ground with dozer while loading. ' WM i
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150,

Ktec_1243_eventS_zerol0_tfu==>UnitLoads Frame:
Ktec_1243_events_zerol0_tfu==>UnitLoads Frame:
Ktec_1243_events_zerol0_tfu==>UnitLoads Frame:
=>UnitLoads Frame:
Ktec_1243_event5_zero10_tfu==>UnitLoads Frame:
Ktec_1243_events_zerol0_tfu==>UnitLoads Frame:
Ktec_1243_eventS_zerol0_tfu==>UnitLoads Frame:
Ktec_1243_events_zerol0_tfu==>UnitLoads Frame:
Ktec_1243_events_zerol0_tfu==>UnitLoads Frame:
=>UnitLoads Frame:
Ktec_1243_eventS_zerol0_tfu==>UnitLoads Frame;
Ktec_1243_events_zerol0_tfu==>UnitLoads Frame:
Ktec_1243_events_zerol0_tfu==>UnitLoads Frame:
Ktec_1243_event5_zero10_tfu==>UnitLoads Frame:
Ktec_1243_event5_zero10_tfu==>UnitLoads Frame:
=>UnitLoads Frame:
Ktec_1243_events_zerol0_tfu==>UnitLoads Frame:
Ktec_1243_event5_zero10_tfu==>UnitLoads Frame:
Ktec_1243_events_zerol0_tfu==>UnitLoads Frame:

Ktec_1243_event5_zero10_tfu

Ktee 1243 eventS_zerol0 tfu

Ktec_1243_events_zerol0_tfu
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11
12
13
14
15
1%
17
18
9
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Loading from
Strains

T'L POSt'TeSt Load/TI;(l)JSGt-Test

Load Time History. Event 11: Haul High Speed
Empty on Rough Haul Road

True-Load

K-Tec 1243 strain gauge testing events Sept. 9’14

Self-load as much as possible

Push load with D8 full

Push load with D8 full around corner
Push load deep cut till full tE
Haul across woops straight

Haul across alternating woops

Haul high speed along dike loaded, record max speed

Haul high speed along road loaded, record max speed

Haul on rough road with scraper all up to cancel cushion ride.
10.Haul high speed along dike empty, record max speed I

11.Haul high speed empty on rough haul road, record speed d ' 027 341080

12.Haul full load alongside of 4 - 1 slope | | il
13.Haul full load down 4 — 1 slope then make right turn at bottom | | | ! MBI Sk Soho e SOb ks ise s iobe M ———— e minl

I

14.Empty parked in straight line push on scraper block with D8
15.Empty parked in straight line pull on rear pin with D8

16.Loaded push at 45 deg. On roller push block from right with DT max — [T Tegs eventilie setalithicco ULoads, Fraffie: L
Ktec 1243 eventl1r2_zerol0_tfu==>UnitLoads Frame: 2

pressure — Ktec_1243_event11r2_zerol0_tfu==2UnitLoads Frame: 3
17.Loaded push at 45 deg. On roller push block from left with D8T max —— Ktec 1243 eventl1r2_zerolQ_tfu==>UnitLoads Frame: 4
pressure — Ktec_1243_event11r2_zerol0_tfu==>UnitLoads Frame: 5
18.Lift back of scraper up off ground with dozer while loading. — lecalids Beenillia.zenali-Uss>plnitioads Fame E
— Ktec_1243_event11r2_zerol0_tfu==>UnitLoads Frame; 7

—— Ktec_1243 eventllr2_zerol(_tfu==>UnitLoads Frame: 8

— Ktec_1243_event11r2_zerol0_tfu===UnitLoads Frame; 9

— Ktec_1243_eventi1r2_zerol0_tfu==>UnitLoads Frame: 10
— Ktec_1243_event11r2_zerol0_tfu==>UnitLoads Frame: 11

Ktec 1243_event11r2_zerolQ tfu==>UnitLoads Frame; 12
— Ktec_1243_eventllr2_zerol0_tfu==>UnitLoads Frame: 13
— Kitec_1243_eventllr2_zerol0_tfu==>UnitLoads Frame: 14
— Ktec_1243_event11rZ_zerol0_tfu==>UnitLoads Frame: 15
—— Kitec_1243_event11r2_zerol0_tfu==>UnitLoads Frame: 16
— Ktec_1243_event11r2_zerol0_tfu==>UnitLoads Frame: 17

-0.4F 7|7 Kiec_1243 eventllrZ_zerold_tfu==>UnitLoads Frame: 18
o 55. 10'0 15'& 20'& — Ktec 1243 eventi1r2_zerol0_tfu==>UnitLoads Frame: 19 I
IFTE:’
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2* Duty Cycle Development

True-Load

« Based on input from
customer

e 1 duty cycle = 1.07 hours of
operation

* Direct fe-safe interface

# Duty Cycle Manager

Event Definition | Analysis Modifications

Duty Cycle name: ‘ Fi/scratch/Ktec/Ktec_1243_DCdty

Event File
Fi/scratch/Ktec/Ktec 1243 event2 zerol0.gse
Fi/scratch/Ktec/Ktec_1243_event5_zerol0.qse
Fi/scratch/Ktec/Ktec_1243_event6_zeral(0.qse
Fi/scratch/Ktec/Ktec 1243 event7 zerol0.qse
Fi/scratch/Ktec/Ktec_1243_event8_zerol0.qse
Fi/scratch/Ktec/Ktec_1243_event9_zerol0.qse
Fifscratch/Ktec/Ktec_1243_event10r2_zerol0.qse

N R W

m

-

QSE File name:}

‘ Repeats: Ii |

Generate fe-safe® Data
[ --» Stress Data Only
fo-saft
[l Launch fe-safe®
fe-safe® Units!lmperial (psi, Ibf, in, degF) E”
Event#  |Event Name #repeats | time min (absolute)
2 F 1.00 5.41
5 t 2.00 573
6 t 4.00 8.00
7 t 1.00 5.17
8 t 2.00 10.00
3

9 c 1.00 5.27

10 3 1.00 9.17
3

11 s 2.00 7.87

12 t 1.00 3.70
3

13 t 1.00 2.09
L

16 v 1.00 2.00
L

18 locuing 1.00 1.00

Total 65.40




s Fatigue Life Calculations

Datasets = Unit Load ABAQUS Results file (*.odb)

Fatigue Loading = Repeats of Events in Duty Cycle (*.1df)

. 1 Elastic block per road event (there are 12)

. Duty Cycle:
Each elastic block/road event is repeated accordingly to create
Duty Cycle

Each block includes datasets (unit loads) from 19 unit loads
Each block Datasets (unit loads*) are scaled according to T-L
*Unit Time Histories

Entire Duty Cycle= 1.1 hours of operation




\ Un\f\');'%:g:Hrs{ory
(C~ Top Pin: FX,FY,FZ

fe-sfe

st Axle RH: FX, FY, FZ Strut RH

ke Low Pin: FX FY.FZ Hitch Pin: FX | |
Top_Fin_FZ Itc I n "
Ejec /LK : Eject Cyl: FX

Low_Pin_FX

15

Event 2
Avle LH Fz
Unit Time History

Low_Pin_FY (
Low_Pin_FZ
Push_Block_FX
Push_Block_Fy : ;
Push_Block_FZ g 0
Hitch_Pin_FX AX|e LH FX,FY, FZ

14 Axle LH_FX 4
5 b Z Push Block: FX, FY, FZ i
16 Ade LH FZ

17 Axle RH_FX
18 Ade RH_FY
19 Ade RH_FZ

I VI T R SR R

=t

-

Time

Event 2
Push Block Fx
Unit Time History

Step: Derived Step, F:/scratch/Ktec/Ktec_1243_event2_zerol0.qse
Time 0.0

Primary \iar: S, Mises
Deformed Var; U Deformation Scale Factor: +2.0006+01 -rsc
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fE-‘Cs'afe“ Fatigue Life Calculations

Verity and A36 Parent Material

 Weld geometry was defined in FEM at critical locations
» Verity welds defined within fe-safe for fatigue
calculations

Verity Weld

 Remaining structure defined with A36 fatigue properties

~-TEC
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r?ﬁﬁre Fatigue Life Calculations

ldentify Low Life
Welds

ODB: 301001840-R3_w_T-Tal_V13_IRLResults verity_a36.odb  Abaqus/Standard 6.14-1  Wed Oct 14 14:27:30 Central Daylight Time 2015

. Step: fe-safe_01, fe-safe 6.5-03[mswin];ktec_1243_DC.Idf dcl off;
4 DefaLlt:BM:Ma--A36 plate-A36.dbase--User defined Kt 1;VERITY:Verity-N:No[SN]--Steel WWeld -28D (2.2%)-verity.dbase--;301001840-R3_w_T
Primary ‘ar: Life-Repeats

l(rsc
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1oscA Next Step...Optimization

Load Cases:
Highest strain amplitudes in rear of

Optimization

Topology/Region structure
[ _ 2 _ 2" _ " _ a1 o _h_ _ -
Event# ‘Event Name static time S N

2 108.38
5 114.20
6 82.78
8 141.78

166.43
12 134.878
13 36.234
16 97.002
18 ‘ _ 142.58

Total

V(G- K-TEC
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Questions?
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