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K-Tec History

e 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

Validate

Connecting Virtual Design to
the Physical World
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1243 ADT Scraper in Action...
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1243 ADT Design
* New Concept to allow large
design to assemble into
shipping container
* Design sized using
max/worst case static

loading

* Final design approximately
20% over target weight
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~-FELC 1243 ADT Scraper

HARETFRMOVERSE INC,

To begin optimizing the vehicle, we need to
understand ...

v'Time history loading of their system in operation
v'Representative duty cycle of their system
v'Fatigue life of their system (welded structure)

v'"Where they can optimally minimize weight and cost
of their system

» Goal of 20%+ Weight Savings
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1243 ADT Scraper Talil

C-Frame

Bowl
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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

 C(Calculate Fatigue Life based on Duty Cycle/Load Time Histories
 Perform Optimization Based on Load Time Histories

PEEIL  waBAQUS

ANSA TruesLoad

fE'SﬂfE STRUCTURE
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/BBE 7A4 Create FEM of Tail System

CAE Systems SA

ANSA
1 ABAQUS

__Emaﬂan




/5 BETA Create FEM of Tail System A Unit
ANSA Apply Unit Loads (100 Ib) at Loaded Interfaces Loads
% ABAQUS Top Pin: FX,FY,FZ
Strut LH
Axle RH: FX, FY, FZ Strut RH
Low Pin: FX,FY,FZ
| _ Hitch Pin: FX
Eject Cyl: FX
. |
| Axle LH: FX,FY,FZ € 0

.

Z

A3

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

¢ 1 ABAQUS )

FEA MSC Nastran
AN S

[» Fatigue [e-sife
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Linear Systems and Loads

Loads

| S—

Lineat

Strains  AEEERRERIE. ) Displacements
In other words
% F, Load vector
K, Stiffness matrix
€, Strain matrix

F=Kx
and F = ¢&C C, Correlation Matrix

sC =F Forces from strains
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Virtual Gauge

v Placement
T-L Pre-test True-Load/Pre-Test

|dent|fy straln gage placement based on FEA Unit Loads

e
P rt PART-

’Tru&Load

Ele 118284 {14Deg}

art :
Gauge # e #6EHULN
Gamagt810  Part: PART-1-EMe®0

y
< Part: AL H

Mot BAR

Ele #67708 (90 Deg) B Ele #3382 ¢GEDD¢4D 84312.



. Strain gage Data Collection...
on various terrains, roads and duty cycles
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Tru&Load

Unit

Loads

Az

T-L Post-Test:

e (Calculate Loads from strain measurement

r%y‘ Pl

Event 2 Push Load with D8 Full

l ’ il H _;‘ W!
I i 'l |
w“ i W“"* yi mqw* i

‘” 11\ _\ L |
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1 Strut_LH

2 Strut_RH

3 Top_Pin_FX

4 Top_Pin_FY

5 Top_Pin_FZ

6 Eject_Cyl_FX

7 Low_Pin_FX

8 Low_Pin_FY

9 Low_Pin_FZ
10 Push_Block_FX
11 Push_Block_FY
12 Push_Block_FZ
13 Hitch_Pin_FX
14 Axe_LH_FX
15 Axle_LH_FY
16 Axle_LH_FZ
17 Axle_RH_FX
18 Axle_RH_FY
19 Axle RH FZ

Loading from Strains
True-Load/Post-Test

l( ~FEC
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T'L POSt'TeSt: Loading from Strains

True-Load/Post-Test

* Unit Loads of Fully loaded system vs
Weight on Rear Axle of Fully loaded system

o (R -
WY O

True-Load Event 2 Push Load with D8 Full
500, F . i
/ Static Load (Full Pay Load)
400, F ’
I ' ';. 1243 Scraper Wt Distribution
| | '{l |
! | ,l‘ i | J
' N A |
Nr! : “I"' {°8 b
0. | ;
e | 1 || .
H T DR A b
| l i
-400, F 4 206.485 53,051 Lbs Eféﬁ?m only
] [ ] 109.603
70,641 Ibs Load Wt Only (rear) s S
0. 50, 100. 150. 200, ' 250. 300, ir e m— oy
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IM VS Measured L. .o b smbmoo
Cross-Plot e

. T-L Post-Test L
. 4 Strain Gage ol
dv S .

mmmmm

ﬂﬂﬂﬂﬂ

Simulated St
=)
b
=)

Axle LH FY = 195.10 x 100 |bs = 19510 |bs

Axle RH FY = 139.10 x 100 |bs = 13910 Ibs

Total Vertical Load at Axle: 33420 lbs
(~5.3% from Estimate Pay Load value of 35321 Ibs)

1 1 I 1 L L
00, 202, 204, 206. 0F 10

—— 1243_runz2_200-210_csv==>=UnitLoads Frame: 15

* This also demonstrates that the FEM Unit —— 1243_1un2_200-210_csv==>Unittoads Frame: 18

Load can simulate the Fully Loaded condition
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Loading from Strains

T-L Post_Test True-Load/Post-Test

Load Time History: Event 5: Haul across woops straight

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 M
. 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 [ L I ‘ q

. Haul on rough road with scraper all up to cancel cushion ride. I “ AL o @

10.Haul high speed along dike empty, record max speed

O 0 NO U B WN -

- 11.Haul high speed empty on rough haul road, record speed Ktec_1243_eventS_zerol0_tfu==>UnitLoads Frame: 1
12.Haul full load alongside of 4 — 1 slope —— Ktec_1243_event5_zerol0_tfu==>UnitLoads Frame: 2
13.Haul full load down 4 — 1 slope then make right turn at bottom Ktec_l243_event5_2er010_tfu==>UnftLoads Frame: 3

% 5 3 o \ \” O —— Ktec_1243_eventS_zerol0_tfu==>UnitLoads Frame: 4
14.Empty parked in straight line push on scraper block with D8 ;. | ) l [ K0 T

» 15.Empty parked in straight line pull on rear pin with D8 l ' ‘ [ ' ‘l * (l I l '" o e —_— Ktec:1243:event5:2er010:tfu==>Unitl_oads Frame: 6

16.Loaded push at 45 deg. On roller push block from right with D8T max i AR 4 | | ” w“ fil |l" 'z\ '. L —— Ktec_1243_eventS_zerol0_tfu==>UnitLoads Frame: 7
pressure | | ’ ! l I ' ’ —— Ktec_1243_eventS_zerol0_tfu==>UnitLoads Frame: 8
17.Loaded push at 45 deg. On roller push block from left with D8T max ‘ 1 £ A 11 Bt ' ‘l ‘ ’ “ Ktec_1243_eventS_zerol0_tfu==>UnitLoads Frame: 9
’ A ; ) ‘ —— Ktec_1243_eventS_zerol0_tfu==>UnitLoads Frame: 10
pressure | Ktec_1243_eventS_zerol0_tfu==>UnitLoads Frame: 11

18.Lift back of scraper up off ground with dozer while loading. —— Ktec_1243_eventS_zero10_tfu==>UnitLoads Frame: 12
—— Ktec_1243_event5_zerol0_tfu==>UnitLoads Frame: 13
—— Ktec_1243_eventS_zerol0_tfu==>UnitLoads Frame: 14
—— Ktec_1243_eventS_zerol0_tfu==>UnitLoads Frame: 15
4 |—— Ktec_1243_eventS_zerol0_tfu==>UnitLoads Frame: 16
—— Ktec_1243_eventS_zerol0_tfu==>UnitLoads Frame: 17
—— Ktec_1243_eventS_zerol0_tfu==>UnitLoads Frame: 18

0. 50. 100. 150, —— Ktec_1243_eventS_zerol0_tfu==>UnitLoads Frame: 19

Az, N-TEC




Loading from Strains

T-L Post_Test True-Load/Post-Test
Load Time History: Event 11: Haul High Speed Empty on Rough Haul Road

Google hyt

True-Load :

K-Tec 1243 strain gauge testing events Sept. 9’14
1. Self-load as much as possible
2. Push load with D8 full
3. Push load with D8 full around corner
4. Push load deep cut till full
5. Haul across woops straight
6. Haul across alternating woops
7. Haul high speed along dike loaded, record max speed
8. Haul high speed along road loaded, record max speed i 0.-07.44100f00"
9. Haul on rough road with scraper all up to cancel cushion ride. | | | ited :
10.Haul high speed along dike empty, record max speed | Map data ©2015 Google Imagery ©2015 Cnes/Spot Image, DigitaiGlobe | 100 m L———— | Terms of
- 11.Haul high speed empty on rough haul road, record speed ﬁ Ol | I )
12.Haul full load alongside of 4 -1 slope ; —— Ktec_1243_eventl1r2_zero10_tfu==>UnitLoads Frame: 1
13.Haul full load down 4 — 1 slope then make right turn at bottom b] Ktec_1243_eventl1r2_zerolO_tfu==>UnitLoads Frame: 2
14.Empty parked in straight line push on scraper block with D8 — Ktec_1243_eventl1r2_zerol0_tfu==>UnitLoads Frame: 3
15.Empty parked in straight line pull on rear pin with D8 T Ktec_1243_event11r2_zer010_tfu==>Un?tLoads Frame: 4
—— Ktec_1243_eventl1r2_zerolO_tfu==>UnitLoads Frame: 5
16.Loaded push at 45 deg. On roller push block from right with D8T max —— Ktec 1243 eventl1r2 zerol0 tfu==>UnitLoads Frame: &
pressure e Ktec:1243:event11r2:zer010:tﬁJ==>UnitLoads Frame: 7
17.Loaded push at 45 deg. On roller push block from left with D8T max — Ktec_1243_eventl1r2_zerol0_tfu==>UnitLoads Frame: 8
pressure ) —— Ktec_1243_eventl1r2_zerol0_tfu==>UnitLoads Frame: 9

—— Ktec_1243_eventl1r2_zerol0_tfu==>UnitLoads Frame: 10
—— Ktec_1243_eventl1r2_zerolO_tfu==>UnitLoads Frame: 11

Ktec_1243_eventl1r2_zerolO_tfu==>UnitLoads Frame: 12
— Ktec_1243_eventl1r2_zerol0_tfu==>UnitLoads Frame: 13
—— Ktec_1243_eventl1rz_zerolO_tfu==>UnitLoads Frame: 14
— Ktec_1243_eventl11r2_zerol0_tfu==>UnitLoads Frame: 15
—— Ktec_1243_eventl1r2_zerolQ_tfu==>UnitLoads Frame: 16
—— Ktec_1243_eventl1r2_zerolO_tfu==>UnitLoads Frame: 17
+r 1 | Ktec_1243_eventl1r2_zerolO_tfu==>UnitLoads Frame: 18
0. 0. 100, 150, 500, —— Ktec_1243_event11r2_zerol0_tfu==>UnitLoads Frame: 19

18.Lift back of scraper up off ground with dozer while loading.

TEE....




Duty Cycle Development

TruéLoad

 Based on input from customer
1 duty cycle = 1.07 hours of operation
* Direct fe-safe interface

# Duty Cycle Manager

Event Definition | Analysis Modifications

Duty Cycle name: | F:/scratch/Ktec/Ktec_1243_DC.dty

Event File

SNonEw N

Fi/scratch/Ktec/Ktec_1243_event2_zerol0.gse
F:/scratch/Ktec/Ktec_1243_event5_zerol0.qse
F:/scratch/Ktec/Ktec_1243 event6_zerolO.gse
Fi/scratch/Ktec/Ktec_1243_event7_zerol0.gse
F:/scratch/Ktec/Ktec_1243_event8_zerol0.qse
F:/scratch/Ktec/Ktec_1243_event9_zerol0.gse
F:/scratch/Ktec/Ktec_1243 eventlOr2 zerol0.qse

QSE File name: |

-

‘ Repeats:

Generate fe-safe® Data
[7] --> Stress Data Only

B-Saje
I: f [ Launch fe-safe®

fe-safe® Units Imperial (psi, Ibf, in, degF)

i

( daptive
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Event # Event Name Hrepeats time min (absolute)
2 F 1.00 5.41
5 3 2.00 5.73
6 3 4.00 8.00
7 3 1.00 5.17
8 3 2.00 10.00
b

9 4 1.00 5.27

10 3 1.00 9.17
[

11 s 2.00 7.87

12 3 1.00 3.70
3

13 t 1.00 2.09
L

16 v 1.00 2.00
L

18 luaunig 1.00 1.00

Total 65.40




ngiﬂfe‘ 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

] [ | ol T m ; i o | " ‘ i o ‘ ‘ ‘ . i o i —
W e A MR e et T
- . 2x o - . o ax | . ) . 1x 2x X I X . X

1x 4x | ax 1x
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Event 2
Axle LH Fy
Unit Time History

fE_Safe Top Pin: FX,FY,FZ

43_event2_zero10_t nitLoads Frame: 15 |

Strut_LH

Strut_RH Strut LH
Top_Pin_FX

Top_Pin_FY Axle RH: FX, FY, FZ Strut RH

1
2
3
4
5 Top_Pin_FZ
6
7
8
9

e Low Pin: FX,FY,FZ

Eow PLEY - Hitch Pin: FX
Low_Pin_FZ EJeCt gyj: FX

Event 2
10 Push_Block_FX s Axle LH Fz
11  Push_Block_FY . Unit Time History

12 Push_Block_FZ
13 Hitch_Pin_FX

> St | Axle LH: FX,FY,FZ [ ) ©
e s, Push Block: FX, FY, FZ

19 Axle_RH_FZ

S0, 100. 150, 200 250 300
Time.

Event 2
Push Block Fx
Unit Time History

Ktec_1243_event2_zero10_tfu==>UnitLoads Frame:

Step: Derived Step, F:/scratch/Ktec/Ktec_1243_event2_zerol0.gse

Time 0.0

Primary ‘ar: S, Mises F ' E
Deformed War: U Deformation Scale Factor: +2.000e+01

FaRTNAMOVERE FNC,




rﬁ-% ~ 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

ACezeptition -TEC
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< Fatigue Life Calculations

Identify Low Life Welds

ODB: 301001840-R3_w_T-Tail_\WV13_IRLResults_verity_a36.0db 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];kKtec_1243_DC Idf dcl off;
. Default:BM: Mo--A36 plate-A38.dbase--User defined Kt 1;VERITY: Verity-N:No[SN]--Steel Weld -25D (2.2%)-verity.dbase--;301001840-R3_w_T

Primary “/ar: Life-Repeats

~FEC
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\g TO3CA Next Step...Optimization

Load Cases:
Optimization Topology Region Highest strain amplitudes in rear of structure
Unit loads (static points) - snapshots in time history

Event # Event Name static time
2 Push load with D8 full 108.38
5 Haul across woops straight 114.20
6 Haul across alternating woops 82.78
8 Haul high speed along road loaded, record max speed 141.78
Haul on rough road with scraper all up to cancel

9 cushion ride 166.43

12 Haul full load alongside of 4-1 slope 134.878
Haul full load alongside of 4-1 slope then make right

13 turn at bottom 36.234
Load push at 45 deg. On roller push block from right

16 with D8T max pressure 97.002
Lift back of scraper up off ground with dozer while

18 loading 142.58

Total

[ ( daotive _rs‘
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Optimization Loads
Event 2: Push Load with D8 Full, t=235.52s

|

el
I,|
|

Hmr‘;

0 it

11

, ;ﬂ ' Fl‘ J
il

il
{ ,
* ’

Load x 100 (lbs)
&

S e

7 AN = P o\ b
,

e —
‘ \‘é".‘w"‘ﬂA

25

-1000

-1500,

234.0 2345 235.0 2355 236.0 2365 237.0 2375 238.0

Aot Sion

5, Mises
SNEG, (fraction = -1.0)
(Byvg: 75%)

+9.355e+04
+4.000e+04
+3.667e+04
+32.334e+04
+3.001e+04
+2.668e+04
+2.335e+04
+2.001e+04
+1.668e+04
+1.335e+04
+1.002e+04
+6.691e+03
+3.360e+03
+2.9472+01

¥ ODB: May_-Ktec 1243 eventZ_235ptS_rerol0-0SE.odb Abaqus/Standard 3DEXI

Step: Derived Step, Fi/fscratch/Ktec/1243 TL work/May_-Ktec_1243_event2_zerol0
z Time 235.520004272
X Primary “War: 5, Mises

~FEC
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Optimization Loads
Event 5. Haul Across Woops Straight, t=133.438s

2500

2000 =, Mises

SMEG, (fraction = -1.0)

(Avg: 75%)
+1.281e+4+05
+6.500e+04

1500.
+5.958e+04
1000 +5.417e+04
‘ +4.675e+04

AR ‘ , +4.333e+04

s AN | | +3.79Ze+04
A +3.250e+04

+2.708e+04
+2.167e+04
AR +1.625e+04
A +1.083e+04
+5.4172+03

+0.0002+00

‘rr ! '4
Wl mr "'w.

m ”‘u ‘;;Wu

|
|
l

\
~1500. ‘

-2000.
0!

-500.

Load x 100 (lbs)

2500,

2000

500,

¥ ODB; May_-Ktec 1243 eventS_133_zerol(0-05E.odb Abagus/Standard 3DEXPERIENCE R2016x  Tue May 31 10:47:40

-500

Step: Derived Step, Fifscratch/Ktec/1243 TL work/May_-Ktec_1243_eventS_zerol(.qse
z Time 133.43800354

-1000

-1500

-2000.

. 132.0 132.5 133.0 133.5 134.0 1345 135.0 135.5
— —

Az S o N-TEC
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Optimization Loads
Event 6: Haul Across Alternating Woops, t=82.794

3000,

S, Mises
SNEG, (fraction = -1.0)
(Avg: 75%)

+1.662e+05
+5.500e+04
+5.958e+04
+5.417e+04
+4.875e+04
+4.333e+04
+3.792e+04
+3.250e+04
+2.708e+04
+2.167e+04
+1.625e+04
+1.083e+04
+5.417e+03
+0.000e+00

{i Ili ‘ |I‘1 qJ

Load x 100 (lbs)

-3000.

2500.
p’m

"X Y H\

2000 133438 245077 |l
1243% 178642 [ |

121004 -189556 fascrem |

1500,

1000,

v QDB May_-ktec_ vente_B2_zerol0-QSE.odb  Abaqus/Standard ZDEXPERIEMCE R2016x  Tue M

Step: Derived Step, F/scrateh/Ktec/1243 TL work/May_-Ktec_1243_eventé_zerol(.gse
z Time 8§2.8059997559

/
-500.

A cree....




Right half casting
demold pull
direction

Optimization Criteria

» Design Envelope created
* Interface to applied load must remain

* |nterface to rest of Tail structure must remain _
Left half castin

»Objective - maximize stiffness demold pull
»Constraints - design region volume remaining <= 40%
»Geometry conditions

e [eft/right planar symmetry

2 halves with casting pull direction pull away from middle (prevent vertical
wall in middle of structure)

Adaotive
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Optimization Results
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Roller Optimization

* 36% Weight Reduction in
rear roller

o

CAD weight: 428 Ibs

s

* Confidence in optimization
due to accurate load
measurements

CAD weight: 272 lbs
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Questions?

Adaotive
_ Corporaltionn



