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< SUMMARY >

| AEWE \ D-02

Purpose&
Contents

1. Purpose

OComposite working implement of High efficiency with cultivator &
ridged by Unpowered harrow

Ccrop velocity weight width horsepower
chilli 15km/h 1450kg 2.5m 90Hp
depth form price composite working
tractor disk+ chisel+ 2 furrow ridger
15cm 900,000,000 ] )
attachments (3 composite working)

B Manufacturing of composite working machine prototype

B Manufacturing of variable ridger prototype

®# 3d modeling, structure analysis of main part and test of traction load
and velocity

B Development of test evaluation for securing reliability of composite
implement main component

B Repetitive packaging test of the soil properties to solve problems in
the actual field

2. Contents
OGREENMAX Co., Ltd.
I. 1st year
(D Analysis of papers and test specifications for load test of
working machine components
- localization economic analysis
@ Analysis of main mechanism and system layout design
— Product design of layout and optimum condition of main device
- Design of main component parts mechanism and power transfer

parts

- 3D modeling and analysis conditions (boundary condition, load,
material, etc.)

@ Work performance, test verification and production of prototype for
reliability evaluation

— Tractor 3 point support master production

- Mainframe production

- Development of disk connecting device and protection device

- Development of chisel plow
@ Packing test [Commissioned by Gyeongsang National University]

- Test bed (Soil-bin) fabrication and repeated verification test

- Minimize field problems by organizing and supplementing problems
that occurred during testing

II. 2nd year

(D Securing basic source technology of design data, developing unique




model

- As a result of reliability evaluation, steel material, strength review
- Re-examination of structure design with Considering maximum
working capacity and conditions of use
- Summary of complex machine overview
@ production of prototype of disk harrow
- reflected in the production of reliability evaluation items

— Comparative analysis of prototype results and structural analysis
results

@ Prototype evaluation of Tractor Towing and Durability

@ Re-analysis of test packaging design [Commissioned by Gyeongsang
National University]

- Confirmation of the achievement of the research goal with the
demonstration test

- Confirmation of suitability for chilli for crops

O GREEN HIFARM
I. 1st year
(D Analysis of characteristics of cultivating plants by domestic and
overseas Crops
@ Design of paddy soil suitable for pepper field
- Strength, structural analysis
— Variable width control design
@ Production of modified pottery specimen specialized in pepper field

@ Optimum design of welding jig for disc harrow welding structure
- Welding strain minimization structure

(® Jig picture optimization design and production for reliability
evaluation

® Verification packing test of ridger
— Analysis of batch saturation Result by Test Bed Verification Test

- Minimize field problems by organizing and supplementing problems
that occurred during testing

II. 2nd year
(D Manufacture of flexible harvesting machine for disc harrow and
connection structure
— Reliability evaluation of connected components.
@ Main figure and three point support master

@ Design and manufacture of jig picture for reliability evaluation
@ Verification packing test of ridger

O JEONJU UNIVERSITY

[. 1st year

D Interpretation through 3D modeling of complex machine

@ Structural analysis for all frame of Composite working machine
@ Development of simple traction load measuring device and

_10_



development of analysis method

II. 2nd year

D Reliability design by designing and analyzing main structure

@ Analysis of twist angle of disk

@ Tractor working speed measurement design and experiment

@ Analysis of packing test and analysis results by horsepower for
traction load

O KOREA INSTITUTE OF MACHINERY & MATERIALS
I. 1st year
(D Analysis of the papers and test specifications for the load test of
the work machine components
@ Derive test load through field test or advanced data analysis
- Analysis of working conditions of test soil condition and tractor/
compound machine
- Measurement item/measurement position/sensor type determination
- Attachment and test of measuring sensor (force meter and strain
gage)
- Fatigue damage analysis considering material characteristics (SN
curve): Miner's rule application
@ Bearing Load Analysis and Life Prediction for Disk Harrow Support
@ Development of test procedures to ensure reliability
- Study of test items and results analysis method
- Developed test procedure for static load and fatigue test by
working machine components

II. 2nd year
D Development of test procedures to ensure reliability
— Study of test items and results analysis method
- Developed test procedure for static load and fatigue test by
working machine components
@ Development of test equipment for work machine components
- Design and manufacture of test jig for each core component
- Development of testing equipment for core components
@ Core component reliability test of final prototype
— static load test of core connection component and coil spring of
machine
- Fatigue test of core connection parts and coil spring of machine
- Life test of disc harrow support bearing

O GYEONGSANG NATIONAL UNIVERSITY
[. 1st year

(D Detailed analysis of research packages related to test packaging and
clay

@ The analysis of trends of paddy fields and chillies of main crops in

_11_




Korea
@ Soil-bin repetitive packing test, Soil strength and water content
analysis, Soil ratio, ridging ratio

II. 2nd year
(D Re-analysis of test packaging design
@ Packing test
- Identification of the relationship between the physical properties of
the soil and the mechanical properties of the working machine
— Study on Soil The final experiment
@ Evaluation of reliability and practical use in actual work
— Design solution for incident factors

Results

1. Qualitative achievements

I. 3D design and prototype development of non—motorized disc harrow
complex machine

II. Development of Variable Discharge Equipment and Prototype
Development

III. Development of reverse design modeling optimization design
technology using laser scanning

IV. Development of test evaluation technology to ensure reliability of
major components of complex machine

V. Analysis and design support technology of disc harrow according to
soil analysis

2. Quantitative Performance
I. Intellectual property rights (Patent)

application registration
patent nation
applicant date number |registrant| date number
Disc harrow
1 |topdressers type of | korea |greenmax 2016. |10-2016~ greenmax 2017, 110-17403
. 09.27 0123844 05.22 77
chisel
Non-motorized disc
9 harrows with korea |greenmax 2017. |10-2017-
improved driving 10.31 |0143720
stability
II. Thesis/Symposium thesis
SCI
name 1 author]| publication date place [list]
ng
thesi Inspection of Composite Working lee korean society
1 S Implement of Tractor using 3D chung | for agricultural 2016 korea | N
Scanning and Reverse Design ho machinery
thesi Experimental Method for Durability han Journal of
2 S Evaluation of a Chisel Mounted on a| jeong Biosystems 2016.12| korea | N
Composite Working Implement W00 Engineering
thesi Working Load Measurement using kim Journal of
3 s 6-Component Load Cell and Fatigue| eung | Agricultural Life 2017 korea | N
Damage Analysis of Composite kyung and

_12_




Working Implement

Environmental

Sciences
. . the korean 2018.05
.| A Study on Working Loads Analysis han . L.
thesi . . . society of Publicati
4 of Composite Working Implement for| jeong . korea
s . . mechanical on
Agricultural Machine W00 .
engineers schedule
symp
osiu Reverse Design of Composite lee korean society
5| m | Working Implement of Unpowered | chung | for agricultural 2016 korea
thesi Harrow using 3D Scanner ho machinery
s
symp the korean
osiu| Structural Analysis of Multi-disc lee society of
6 | m | Tractor Implements using Reverse | chung manufacturing |2016.10| korea
thesi Design ho process
S engineers
symp the korean
osiu Reverse Design of Multi—disk lee society of
71 m Tractor Implements using 3D chung manufacturing |2016.10| korea
thesi Scanning Technology ho process
s engineers
symp
osiu Load Analysis according to the lee korean society
8| m Angle of the Unpowered Disc chung | for agricultural 2016 korea
thesi Harrow and Chisel Plow ho machinery
s
symp
osiu| Disk Harrow Structure Analysis of lee korean society
9] m Non-motorized Composite chung | for agricultural 2017 korea
thesi Implement of Tractor ho machinery
S
Symp the korean
osiu . . lee society of
Loading Force of Disc Harrow and Y .
10| m R chung manufacturing |2017.10| korea
. Chisel Plow for Drawbar Pulls
thesi ho process
S engineers
symp
osiu . . lee korean societ
Structural Analysis for High Speed . v
11| m chung | for agricultural |2017.10| korea
.| Nonpowered Implement Complex .
thesi ho machinery
S
Symp
osiu| Design and Structural Analysis for lee korean society
12| m Lightening Design of Nonpowered | chung | for agricultural |2017.10| korea
thesi Tractor Implement Complex ho machinery
s
symp| Structural analysis of chisel and
osiu | disk harrow for composite working Kane ka korean society
13| m implement of high efficiency with g for agricultural 2016 korea
. . . ae .
thesi| cultivator and ridged by unpowered machinery
S harrow
sym . .
Y . p Structural analysis and selection of .
osiu . . . L. korean society
strain gauge point of chisel and sin in .
14| m . for agricultural |2017.04| korea
.| disk harrow arm for unpowered kyung .
thesi . R K machinery
S disk harrow working implement
sym . .
Y . P Structural analysis and selection of .
osiu . . . L. korean society
strain gauge point of chisel and sin in .
15| m . for agricultural |2017.10.| korea
.| disk harrow arm for unpowered kyung .
thesi . R K machinery
S disk harrow working implement
symp Analysis of Tilling Operation jeong korean society
16 . . . . 2016 | korea
osiu| according to the Physical Form of ho for agricultural

_13_




thesi Soil & Work Machine jun machinery
s
svm GIGR2016,
Y . b Analysis of tilling operation . International
osiu . . jeong
according to the physical form of Conference on denmar
17| m . . . ho . 2016.06
.| soil & mechanical properties of the . Agricultural k
thesi jun

work machine Engineering, The

poster—ID number

symp
osiu| Analysis of tillage operations with | Frank | korean society
18| m |variable working machine parameters| Gyan | for agricultural |2017.10| korea
thesi using a disc harrow Okyere machinery

[II. Manpower cultivation
® Authentication of state reverse engineering skill manpower cultivation
class 78 people (acquisition of capacity 19 people)
B Disk harrow composite machine trial performance and education
8 people

IV. Employment
m Hired 5 researchers, Indirect employment 15 people

V. Exhibition
1 2016.09.30. Disk harrow trial performance and agricultural newspaper
publication

m2017.11.08. Gimje agricultural machine exhibition

Expected
Contribution

1. Technical side
[. Secure of source technology to develope localization of unpowered
disk harrow
B Secure of composite harrow design and assembly technology
B Element design and production technique
B Secure of source technology of durability and performance reliability
assessment of disk harrow structure and element
B Secure of combination and linking technique of composite machine

II. Rural vitalizations by developing product similar disk harrow
B Development of disk harrow be not only used chilli but used other
crops
B Development of combination of disk harrow and barley seeder
B Export Strategy Large Tractor (180 Hp) 6m Folding Disc Harrow
Development

2. Economic side

[. It has cost competitiveness (9 million won), and it has developed and
supplied a complex machine that satisfies the durability and
convenience of operation. It can reduce the purchase cost of the
machine (about 20 million won) by about 10 million won, Cost
reduction effect to fast velocity working

_14_




II. Analysis of overseas complex machine market analysis through
Mongolia and China trip during R&D, get the main target market needs,
Promoted sales using existing dealers network in China and Mongolia
and Improve national competitiveness and improve trade balance

3. Ripple effect
I. As product commercialization is success, increase of domestic revenue
and export
B Three-year sales forecast of 85.5bn
(- domestic 5.85 billion - export 2.7 billion)

4. The effect of job creation
[. It plans to recruit 5 new employees including 1 research manpower, 1
dedicated salesperson and 3 production workers

Keywords

non—powered chisel disk
Disc harrow |Harrow ridged b chisel ridged
harrow harrow
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53 NO.1
Multi-functional ~ seven  groups s Heﬂong]lang Yunyao
. : . : =< agriculture Machinery
joint soil preparation machine co. Itd
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il
SR/ 35(Y) (CN 20540841(20160803) SAEAAS(Y) |-

Multi-functional seven groups of combined soil preparing machines, belong to agricultural
machinerytechnological field.It provide one have straw chopping and returning,
stubble-cleaning, subsoiling, rakethe soil level, apply fertilizer, ridging, the function such
as suppression, and multi-functional sevengroups of combined soil preparing machines
that crushed stalk is effective. This utility model candisposably complete straw chopping
and returning, stubble-cleaning, subsoiling, rake the soil level,apply fertilizer, ridging,
suppression seven group job.

g A7 HEED

CEEES)

multi-functional seven groups of combined
soilpreparing machines, including reductor (1),
frame(2), subsoiling device (5), multiple ridge
device (6),suppression device (7), organize disc
harrow (8),fertilizer apparatus (9) and traction
frame (11more ; Described traction frame (11)
is fixing withframe (2) front center to be
connected, describedframe (2) front end is
fixedly arranged abovereductor (1), it is fixed
with subsoiling device (5)below frame (2) rear
end the most successively,organizes disc
harrow (8), multiple ridge device (6)and
suppression device (7) more, frame (2) rearend
is fixedly arranged above fertilizer
apparatus(QIt is characterized in that:
describedmulti-functional ~ seven  groups of
combined soilpreparing machines also include
straw millstone(3), stubble-clearing device (4),
two  hydraulic  jacks(12), two  universal
couplings (13), two crushedstalk power
transmission shafts (14), two crushedstalk
actuating devices (15), 2 stubble cleaningpower
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transmission shafts (16) and two limitactuating
devices (10)Said two hydraulic jack (12)cylinder
body end is connected with frame (2) leftand right
sides, rear end respectively, twohydraulic jack (12)
piston rod outer ends are allconnected with
suppression  device (7), strawmillste (3) and
stubble-clearing device (4) it isrotatably connected
to the most successively belowframe (2) front end
Described reductor (1) left andright sides two
output shafts near front end arerespectively fixing
with  universal coupling (13) oneend to be
connected, said two universal coupling(13) other
end is respectively fixing with crushedstalk power
transmission shaft (14) one end to beconnected,
described two crushed stalk powertransmission shaft
(14) other ends respectivelydrive straw millstone (3)
to rotate coaxially by acrushed stalk actuating
device (15)Describedreductor (1) left and right sides
two output shaftsnear rear end are respectively
fixing withstubble-cleaning power transmission shaft
(16) oneend to be connected, and described
twostubble-cleaning  power  transmission  shaft
(16)other ends respectively drive stubble-clearing
device(4) to rotate coaxially by a limit actuating
device(10).
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Type: |AjCBal | Type: | afc Ball |
| Dimensions | Construction | Performance | Equivalent Load | internal | | Dimensions | Construction | Performance | Equivalent Load | Internal |
150281, 50776 rating tpe @ Radial Thruist | Estimate internat details
|| Use calculated load ratings Ball or roller diameter series: Metric -
IS0 281 dynamic load rating: 47500.0 [|1sofmizss - =
—" Number of balls: [ |
150 b factors 1,300 —
(Dp) Bl pitch cirdle diameter: 37,400 [mm v
_ : (dhw) Bl ciameters [ 1500 mm
150 75 static load rating: 375000 N |_|ISOfTR106% =5
(RSep) Row separation: 19.000 mm
Fatigue Load Limit Cu e
[¥] Use estimated fatigue load limit Cu i o m i %
150 281 dynamic load rating: 47905,4 N -
150 75 static load rating: 37219.5 N
Estimated Cu from IS0 281 Basic method: 1704.5N
Estmated Cu from SO 281 Advanced method: Advanced data is not defin
Estimated Cu from DIN ISO 231 Supplement 1 Basic method: 1388.9N
Maximum speed with oi: o [ ¥
Maximm speed with grease: &300 rem
Masimum slowable contact stress:  4200.000000 [ MPa -
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2. &&=

0.0017mm/min ~ 508mm/min
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AA z71]1 720Mpas &

A

&7 =(MPa)

Q1 A7) = (MPa)

dAEG% | HAdstSEKN)

test #1

540.98

724.94

26.2 145.757

test #2

550.01

742.53

26.16 149.295

test #3

948.06

740.8

25.32 148.947

test #4

538.76

724.5

27.22 145.670

test #5

035.71

720.69

25.8 144.903

Rhin

042.70

730.69

26.14 146.91

P KirEcH

Tensile test of Metals with ROUND sample
Specimen D fest #1

r 1664
TestDate 920201691324 AM

Modulus (MP3)
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4 A RRE 2006, 09, 25
il & R E ) 189 7110

5, A% ¢ ASTM GAS-A

6. WA AR | 1eams
SRR | 1597
FE DB T Y

“a a0

AR e | )

o] AMlube 8l AN G AR W AR QA AME | 161968

e TeNuA g | 0972
& 4 !
R E L .2 AW TR W
o AL BE olsiol ARE oY A5 4B, WA L4 B
Raow A8a ¢ a8
2016, 09, 27.

axsaenr ol

AR (Test Method) + ASTM G658 procedure A 4] 1155 21 (190N, J0min) &4

<HvkEAg Al AHAD

@ T3 #aAZ}

Y2380 H2arRsd vzl 24853, taazkts A ddEHE 3
AdaFe AZLEZA 2AHA ] T3 BAZE MEHIE /AL B2 B4
N8 st AAE AAs A FPsAct.

Y1 R AFAT _(FHAIEd AHA )

s C Mn Si Cr Mo B Ni
AlHE A 0.20 1.22 0.18 0.015 0.02 0 0.001
B 0.34 1.373 0.258 0.223 0.02 0 0.016
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08 0IN 1T QAN A0 02D ROI A01E MM G0N 00E QMY 0T REM A0W A
orade: 11166 34 Mn S
\H B Ay A
ABE A B
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0.6~0.7%xA @45 AAR A#F HaAEL FudS sk S20C= A4
« AMGEtEE BaaA ] A e fdl stE2Ade] =44 2 5S4 AT

<5 C Mn Si Cr Mo B Ni

AR400 | 018 | 160 | 0.70 10 | 025 | 0004 | 025

AR500 | 035 | 160 | 055 10 | 015 | 0005 | 025
GHE2 AR EE2AD

- HARDOX _ AR Plate(5< Wjv}=/4d 732 Abrasion resistant Platee] ¢FzF=Z A
dAZA = ASTM, JIS == DING =AF40] SAEHAUA ¥ 7 A=x3|A
2 yFEA=EHOoR FuE oy SAHOF ‘AR Plate’ ‘Hardox’ @+
HAow EgAa Jot. sWd A e SaEFgoA Aikete AoE A

- ZFEE AR400 , AR450, AR 500 5O EFEI ARF S 3xe S D
27 ERAEEAWAEHB)SA o wel AR235, AR300, AR320, AR360, AR400,
AR450, AR500, AR550, AR600G o2 Al 553 HoJgT
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| DISK HARROW SPRING Calculation

PROJECT DISK HARROW PARTNAME
CUSTOM KIM SANG IK DWG NO
DESIGN DATE 2016.03.17.
= ESN BHRR .
M HE LT AT SENS p2s ART aual HHT
23S aY
o= 4 8200
Y SWP 2000
| G U5 7200
i Ry 450
—
4 Al 14 T 220
2 by 141 T BlHs) 112
EREL] 127 o o 2 98
L F{D1) 113 L nleds(s) 8000
23 S0 8 2EYAHK) 3:12572
RS & Ok i SWP
s2 pazolmmlosun oy ey Gl B i
12K5HE | 208.88 11.12 34.758 | 340628 | 36496 33.020
235 | 207.34 12.66 39.572 | 387.802 [ 41.948 37.197
331518 | 20494 15.06 47,073 | 461.318 | 49.898 44.249
4xt5HE | 198.76 21.24 66.380 | 650.624 | 70.374 52.407
SAEHE 19443 2557 79.925 | 783.281 g4.720 75.129
d 4 3 Nt |EHs Pmax |23E5HE
o1 ] & Na SEdS K AHOEHN
D2 o 3 G |EEEAS (] ATYHUE
5] 43 P ATLH 25 S Hs %3

PIEBY0|R EE=ttEke!) = MUY « K2EFH L)

BRKAEEHS) = GIRHERS) « 02 /8 « NalREHS) § D (B U =P/
W = B NaRRES) DB NY) s PIABUO T A S8 R) / GIREANS) (U
LA ) = (Na(R 234 x PITIR)) + (15 d4 7))

Y F(ZLLEMKEN)>
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| DISK HARROW SPRING Calculation

PROJECT|  DISK HARROW | PARTNAME
cusToM]  KIMSANG K | DWG NO
DATE 2016.03.17
WEFED TAUS W
YR T RERS ST AR BME ANE
22101 YN
T O 8200
Y | Hehans SWP BOOO
TR G 5US 7200
HYE 450
e —
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S i 8 =TT 5.24827
FRI= M 5] Ei ] 3 SWP
FE RO A e ) ST | SN
12154 | 138.88 | 11.12 | 58.361 | 571.935 | 61.279 | 55.443
238k | 137.34 | 1266 | 66443 | 651142 [ 70430 | 62456
3AEE | 13494 | 1506 [ 79.039 | 774581 [ 3781 | 74297
438h8 | 128.76 | 21.24 [111.473 | 1092437 [ 118162 ] 104.785
SAEhE | 124.43 | 2557 [ 134198 | 1315142 [ 142.250] 126.146
d o Nt 8BS Pmax[22151@ |
o1 [T Na__|RENS Kk [aZBds |
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W LA = (e RS PSR 15X g M BN
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220 0 0
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A& 3t 3D REE (ALY

A8 Ax BEC1E)

Defaults

Physics Preference | Mechanical

[ ] Relevance 4]

Sizing

Use Advanced Si. | On: Curvature
Relevance Center | Medium

Initial Size Seed | Active Assembly
Smoothing Medium
Transition Fast

Span Angle Center]

Coarse

| Curvature Nor..

Default {70.3950 %)

I’ Min size

Default (0.88640 mm).

"] Max Face Size |25.0 mm
[ ] Max Size 500 mm
[ ] Growth Rate | Default {1.850)

Minimum Edge L.

5.2054e-002 mm
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Statl stics

Nodes 185953
T Elements 143438
[Mesh Metric | Skewness
[ Min | 13057203603751€-10
| tlax | 0D00ER1TE645TE1E
i Average | 03672036024733092

Standard Deviation | 0.237374751161273

Excellent Very good Good Accepil. Bad Inaccep3tl.

0~0.24 0.25~0.49 0.50~0.79 0.80~0.94 0.95~0.97 0.98~1.00

<{Skewness AA} =& =AH|E)D

Statlstlcs

Todes TigE95
| Elements |43433
Mﬂsl‘ Metric ';-Orthogor.\al Guality
[TMin |0.1199495563530865
TMax nl

Average |6.787788269527783

||| standard Deviation | 0.183012394920394

Inaccepitl. Bad Accep1. Good Very good Excellent

0~0.001 0.002~0.14 0.15~0.19 0.20~0.69 0.70~0.94 0.95~1.00

<Orthogonal Quality ZA#} Z2 =&

pn 2290 T2 AR S FHE] Hsto] wd e AL 4o
2 4 2, AL, E7], £ 499 55 AA

S A7t 7—%1}% 71E AAY ==+ 188,955

A, QYANE 7 43438 E )&k, A F2 SAAI Begho] Wlf F+5

o2 uUgth A AASEE 22 4 B4 2de AEsia, == ok 4l

E g ada 4a #4 SAZAA} 71 AL & X

oy Ao 3 A nAH ATt TSt § FA9 H, s J=9 &

A E-<$ Fixed support® £33tk ols 9 A A& AlE 13 Y

5 71E, WA, AAB, 7HAC £z T8 WEFoR YAz S5 oF 26l

Y

-

35,800N, 32,400N, 31,900N, 31,600N-S 7}sle] siXslHar, 2 F ¥HH S 3133 3
N 29 A% AQTF WOE A A s e AT FE
©F3ull Q1 53,700N, 48,600N, 47,850N, 47,400N-= 7}sle] 3l 4 s} S5 oh.
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@ 7IAA 44

name SS400(fram)
mass density 7.85g/cm”3
normal ultimate tensile strength 450MPa
vield strength 230MPa
Stresses modulus of elasticity 160GPa
shear modulus 80GPa
@ A
Tz o= A A g BRE
TA 8 A(X)Y,Z) TALA(X)Y,7)
ON -5794.82 N m
1A FE5=3 -13329.5N 5794.82 N m 0Nm
-87.2453N 0Nm
e EEST: EEES
A 2] 23572880 mm’3
A=
H 2] Omm 72.2119mm
E uAx §E OMPa 4054.23 MPa
AUA F &4 -64.1369 MPa 2846.48 MPa
AR = 89 -2162.24 MPa 51.1867 MPa
EHA T 0.0567308 15
73 0 0.0172566
AMA = W13 -0.000400856 0.0177905
AR F HYy -0.013514 0.000319917
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RO 2T RS EYY FRIAES 95t 3D AARLES FHEATE B AFolA
+ Ansys softwareE ©o]&3ty H2INES wlEV FERAZINAS AA MR
Eia=s

nH IR HEZ= EREO 3F S|Ao] #Ad "Iz g FEE
AHESHAl Bt O2A 295 o8t A& WMEAYS & W e =
o] ¢tH A S HES Ao Fr}

R 2T 2 HE ZFY Foll AYr7F AHS sHH
of &S vH7] w2 WUdzdde] FEH= 3§

2 @,

Haas)zs WE7] 3D 2de> Mg AA A
Sizing
\ise Advanced Size Function |On I?r:;i";'hil:'_,-'
Relevance Center | Coarse
Injtizl Size Sead [ Active Assembly
&m ookhing | Medium
Transition [Fast
p: An gl- Centas ECJJIEL‘
Browimit by H.\cula" 05
Murn Celis Across Gap :DEE-JI: {1
Min Size | Default (424560 mm)
Mex Face Size | Default (224550 mm)
| Max Size | Default (849130 mm|
Growth Rate | Defaul (250
Minimum Edge Length :EﬂlTEt-{H}E T

AR YA 27>
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Statistics
Nodes 1375621
| Elements 608383
Mash Metric Skewness
| Min 130577743109428E-10
| Max 0.999987203891619
Average 0.306362080881864
| Standard Deviation 0.127494634084095
Excellent Very good Good Acceptable Bad [nacceptable
0~0.24 0.25~0.49 0.50~0.79 0.80~0.94 0.95~0.97 0.98~1.00
<Skewness Az} & =4>
Statistice
[] Modes 1375621
[] Elements 608383
Mesh Metric Orthogonal Quality
| Min 202097541350612E-02
| Max 099999931322192
Average 0.811753045459708
|| standard Deviation 0.151715145456074
Inacceptable Bad Acceptable Good Very good Excellent
0~0.001 0.002~0.14 0.15~0.19 0.20~0.69 0.70~0.94 0.95~1.00

<Orthogonal Quality A= F4d =4>
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Z

G IAEE FARY 2 A
D 249 7€ ol§F WA AFY A4A =9

g BT A AALE kel 2aao] heste] 4 A o] w4t
B shs MR AEA LAY 12 ZEuolH Ae FFAYSE 25kmh ol F
W) ol mhErh Ea vldwEA s s 9% waR ANAEe] 442 94
488 Seed bed= BRI 7)ol A28 WESZ FAst] WEH R ALgo] TFesirh
O olol webd BEAYsle] A T WA Al Y T Y 2
o] JB5a Frkel Gulg Aol eHTh FEY Uad BEAYIE U] Y
T2 so] 9ol F¥ 8 RFTE fold Aol gov} Bel B AHEF | 5
Aol A REHAS s FU UMOis0 REY} i Bl AFAEe] Ba
AT FlAE 22 1 2-$Disc harrow) WAe] ALY BPHOE oo
2eClE AEAYSR U aFel 2K, T ¥4 Y 23 RE AT A
e ARAge] WA mde] AANS BAL EF ABAY © xl
Bastth BEAYY) WAEY AFLAS 9 A5
A 3AUsAUS GHA A ZEIAL ol §ate], DRUAYS FAD s‘zou F8a
Bz el B Foe A5AAE FASAD
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Afmetingen A
Multidis¢ 250 XL Vario's 3200 7m 2490 mm 1480mn 280 mm
Multidisc 300 XL Vario-§ 3200 "m 2990 mm 1480mm 260 mm
Multidisc 350 XL Vario-S 3200 m 3490 man 1480 mm 260 mm
Multidisc 400 XL Vario-S 3200 "m HV[ mm 1480 mn 260mm
Multidisc 250 XL Vario KZIU m 0 mim 1330 mmn 2¢0mm
Multidisc 300 XL Vario 3210 m 3]0( m 1330mm 240mm
Multidisc 350 XL Vario ! 10 71m 3300 mm 1330mm 260mm
Multidisc 400 XL Vario 30 m 4000 mm 1330 mm 20mm

Artikelcode Omschrijving Dpc ol el Aantel Min/Mar,  Egen gewicht

B N omm  sjen ancer \emtqnuk muPR:wu]
192:250003 Multidis 250 KL varios 20 18 ] 115,210
792:300-003 Moltidis 300 XLVarioS €20 22 5
92:350-003 Multdise 350X Vario§ 520 16 6
92:400-003 Multidisc 00 XLvarios €20 30 7
792:250-002 Multidisc 50 XLVario €20 IE 1

792:300-002 Multidisc 00 XL Vario 520 6 150/28%
6
)

792:935-073...

792350-002  Mulidise 350X ario <20 i 10310 350/2755
192400002 Mulidiscd00XLvars 00 W03 303405
Mulidis 400/500/600/700 XL Vario
Accessoires Multidisc XL Vario ()

<131 1> Benchmarking model (multidisc 250 xI vario_s)

Oh 944 Z2M2 9 g

B HHE 2 E o] &3 FASA
HHZ2] D2 A =" Z2$=ClouddH Y 3 dHolHE 7|Hte g v E
g e dl g ((Parametric modeling) = & 4 JYLoB=E AF 7id, A4, FE#E, 24 2
Asbe] g XgHAt gl Foll o] & 4 Aok EF 3D HolHE 9AA A=
Eo el CADS} mix7ixE2 2dy e 53, t AF dAdEE F5F

Jl

[o

N
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I ORE 7N E A FY EAS BAY F Jdon ¥ T oAE AT Ut
913}[3’4’5’9]. Hixol 2de I91.13% Zo] UEHEe F7|A A& A Tulip
industriesAFe] Disc harrow”} 2= Multidisc 250x] vario sEdo|t}, o] A|FL& E’_%ﬁé
HE A, AE Ndstax st AFAA AF/AEEDSL FUHEE BEZ] S %
T71EE To7] 9% JEAARERE E&EHY, RN 53 &S FEte ?1”1
RdEE A AFHALS FHSEATH
ad91.2¢ 71EEE S JeuscanAty] HIFF o]y #olA 2714l TU 3D Scanner&
ARESle] 3AY 2 ES AASE Ho 2, FE3% 3D Scan datas GAA AZEQ Y
Geomagic Design X& &al dAA RAHS TPttt JAA A 3DEDLS A+
£ Aske= bl AdolA ZlFdolEZE gloer® 9133 o] AFHolgE S5t H
wastRom FHAHE HA 53|o|FREH 503|7tA o Hit ST S FHE Fo}
Ao, olgA Tl Fe RdF AN} ASSAHIS sty LAE A=

<I19E1.3> Benchmarking model with actual(manual) measurement
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<Z1¥81.5> Interactive alignment of scanned data (#<5)
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<19 1.5> Interactive alignment of scanned data

@ ¥4 AFal7](Align)
915w AEEH YA FS =7HolH
Foled &4 A= dYuoletE XYZH

ofh
0>‘

li‘

ole]HE] ¥ A H(Interactive alignment)Ad 4 -&
o AR BFdte #BS Jepdth A

rﬂ i

el 71Ee] HE HAs AAse LS AN, 27doly AuFzE 71¥S o
243 A2 FHF AAE VIEoE FHSFAT

@ ™4 HHMesh editing)

W4 HHYLS wol=2AA FAHoZ ~Y TEZo|th 27 HolHoE o#rtA] o
2 mngA & volE, & 44X & JE dHolErt 28 ok w4 o]
HA olfE T 2ok (@FAA e EA AAY] We] AR 4Asta Pl
A ZF3Folu o] EXF wojth. FA4Ss IUE AEsteE AL BAVE glod, =
o277t F& Aol o] BHIES ZdttdA Abdel AAGE Aol B

g dolA o AzsMelA o]zt WAst, dAE EAGHA B FFS HWLoE F
=8 o, O3AHs= EAd 2 Ayt T3] Hol, 291 Hd

d A 34 Arld ¥FE £ A7 2 ot oA HAT Wl
WAt olE =ol2E ol 22 HAFE Tt FASAL

<{31.1> Ratio based decimate execution result data

No. a b C

Poly-face count 955,124 258,469 154,609
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(a)original (b)1 time decimate (©) 2 time decimate

<13 1.6> Decimate of scanned part model

@ "4 M4 Eo]7](Decimate)

v A3 Aart wod AUEE wolAY WRYe 8T VIR LAV F
7kttt =3 2y A A BHASH B WEYE AMSSAY ALEETE A
stE= EAVE HAE = Aok wetA 2d"y AFdE 8T7HE AEEE FASHA
e AMeE Eole Aol uigEAsith. BE HIE7IRE HAWo]E (Ratio based
decimate)& Ar&3tth. HRE st A4A4EF ] M7t AW @A AFddA DuE Foli
2 & W AMESH, NFE 7k AAHAA FEO] & FEEG W FEoA ¢
ol o dEdolH A4S HAF FAsIH HolHGS 2HT 4 Ut ol9 Ho]
Decimate W& & £ #Holx MFE FFY ©E glo] Y F o, vi4ldolHe &&F
S Zolax & w F2 AFR3IT. Decimate: WIS A 7] Y8 60%% 232
ol MY, 1U16: 23] Ha T Poly-face® Uehdth 11X Hz 2704
o]E] 9] w4 Poly-face= 955,1247] o]lo ™ 60% 1z A8 & 258,4697) ©]ar, 60% 22
A 3 154,6097019] Poly-face7} o] H4A HAgolA e dHoly VS SUSZA W
& Aliko] 7hsafzit

lor

@ w4 =4 2}3}7](Optimize mesh)

HHH A PHoZ {FIoAHAA ARSI AT Ee Aol AN shgA T
S, Ao 7 HolA AT & AAF L vt /7 HES vAE HYsE
s @3t Y FES nEst & 2719 ¥ o]l 2(Poly-face)E< w4 ol
ATt AAAQ w4 FHAE FFANINT 52 FEF FYole A 24U 89
O|AER FASI 9WE FE FYol= I3 MEI Z o AES FASAT. HF
stel W4 dolEl= AlE#HolAoly CAERCFS B4 48 HW4Z Ab&o] 7Fssith 1
172 237t A&RE s AAZYY FAR #=52 Optimize mesh A3y A w4
ola, 52 A% F AFAHAE EHolx Folt
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<18 1.7> Optimize mesh

<1¥1.8> Mesh enhancing

® w4 &A1717] (Mesh enhancing)

SMAE Aoltt. WA &F
FioAE 7Hsd SEAHR
= o @7tE
Aoty 1917 Optimize meshollAl 42 w4 E Mesh enhancingE )i s}
31}

o AR MAgEe 92 & Aok

ol
ot
ol
ol
rlr
ok
1>
o
u
o,
o
%
of
18
flo
nj
o
o
ol
ol
X
(v
Y
)
u
Ao
of
18
flo

e

(a)Original (b)Select region (c)Defeature
<191.9> Defeature
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(a) Holes identify (b) Select (c) Fill holes
<Z1¥1.10> Fill Holes

® t©)3) =] (Defeature)

Oaxe w4 o] 54 3Ro] HaAe] NI Fert AAY J=Hoz A9 s ok
& ) 4ol ww sgsh:} FAHQ Gogo] M avEE FAAY dA =
g 229 Ut d Wyt Do wheA AAsokath 1@19 (ol Hol: AlEALY
21 A Fgo] wIT BRI} §ly] WEo] ()9} o] YA Mt Defeature

=
E AANEY ©F4E AUk Defeatures 4599 AAHES AA St ol HAY 3}
T 7Ee e PR FYdEn

<1¥1.12> Noise analysis & defect removal
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@ & w-%-7] (Fill Holes)

AHA FAANAM wHE AEsA M= APstuA & o d"stes o 7Ol
At H"el ag AEI} BEd] Mg AL F fle A7 TS A
A7 ZAWFeRA EXAT FHAS v 73 W 103} o] i+
ol EAA B 9 N7 RS S A A S

L o==

g
o A F= Bl

W
&
ot ©
—

yx
QL
£

>,

$ Surface reconstructiong E3) &

vt 2] #Boundary editing) ¥ 2 3HA| #3171 (Healing wizard)

I H o $

2§ £

<1¥1.13> Region group

© =24 g4 4(Global remesh).

131129 #=2 Global remesh 23 wHdl ooz, w4 HH3} FAHS AXH £
X8 4 Uﬂﬂ% Fzet] 2L vqlE ATPste Ag BAFET. wo|27} A=

a9 Wl e FHEC HAAE BEHE A ATH HA 3 AAANA A
o] A2 #AE AAH st 4] FE AEE AHS w4l F4o] 7M.

&
s
=
s
&

r\' rlr J

°

) WA vy EH2dr] S 2l

S48 m4delHE X3 29113 g d1FRegion group)S A3 3td wWAHE R
HE =3 5E 999 fddRegione A s FHIT AF EFE fdHdES AR
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tE Agoz Wil BART AA1FE 4y F o 1

4 (a)= Add Ref.
Plane©. 2 w4 2#AX](Mesh sketch)E 3}7] 93te] APHFHS —%7} E} Tk A
™S Base planeS. 2 A &3tar (b)w 4] =7 x|(Mesh sketch)E A YstH WA ZHE AHZ
g] 2}l (Section Polyline)e & 4 Ath. FE3 A4 ZggdUdYo =A% ES ol &
sle] ~AXANE A}k (©Z20]=4 (Measure Distance) & o] &3l z= AP FAES
A3t & AT 763“3} (dConvert EntitiesE< o] &3t -l el thal
M= éﬂli—a— IL\’HE =g F Ak (o), () ok o] wH2=AA S} ==(Extrude)s v
EHo = st (g, (et Zo] & JFo=E FrE5o] 74 % RAPSS mdH s
At

.

(c)Measure distance (d)Sketch

(e)Sketch (f)Extrude
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(g)Solid modeling (h)Final model
<1¥1.14> Solid modeling process

(a) Chisel plow

(b) Connecting rod of disc harrow

(c) Whole body of implements
<1¥1.16> Accuracy analyzer deviation color map
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(th 2484345 o] &3k X3 AHAccuracy)

AHA ZEAM 204 CADE B3l S FEste #ABANA g Ao FFLA ot
274 o8 E Fx3H A BdE S st A A A A FEd =
g5 Ao HAE, 5 98 2dolE e wrEold 2dy dolEete] HAE &<l 3
= Aol 9AA ZEA| oA FEZFH Q4o|th. Geomagic Design X©]  Accuracy
analyzer(TM)oll &= <1#1.15¢} #-& Deviation color map2 3 228 3+ Az 276
olgl¢}e] HAE FolstHA GAA mdHo] sssith FE&HYE AY 1mm, Y -
Imm 2 A4 3t¥oh 381 2(Allowable range)oll 0l A e 254
H Hod,E Hed mE A4S yepdth. 171162 HAA 3
&2l& Color mape %3 7}s3tch

)
il
)
o,
o
ml |o
_t\_ll
f
i
2l

|[mEI=
=

w s>

T i i T A7
r\
- —
1 (A.:_S)

e
A

1.

<Z2¥1.18> Dimension measurement of main frame

—<D_1>— B_1>—<B_2>-<B_3>1<B_4><B_5><B_6><B_7><B_8:

5!

<

B_9>-<B_10><B_11>-B_12>!<B_13><B_14>I<B_15: B_ls D_EE

<1%¥1.19> Dimension measurement of disc & chisel plow
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<El.2> '1€91.18

comparison result with scanned data and modeling results (mm)

No. scanned avg. modeling deviation
Al 2,499.76 2500.00 0.24
A2 700.84 700.00 0.84
A3 908.22 910.00 1.78
A4 700.96 700.00 0.96
A5 735.10 735.00 0.10
A_6 204.13 204.00 0.13
A7 1,017.24 1018.00 0.76
A_8 67.76 68.00 0.24

<¥1.3> '7191.19° comparison result with scanned data and modeling results(mm)

scanned

No. ave. modeling deviation
B_1 251.54 250.00 1.54
B_2 248.44 250.00 1.56
B_3 253.61 250.00 3.61
B 4 254.53 250.00 4.53
B5 238.31 250.00 11.69
B_6 246.60 250.00 3.40
B 7 251.03 250.00 1.03
B 8 249.24 250.00 0.76
B9 252.15 250.00 2.15
B_10 251.49 250.00 1.49
B_11 247.19 250.00 2.81
B_12 248.02 250.00 1.98
B_13 248.78 250.00 1.22
B_14 251.75 250.00 1.75
B_15 252.54 250.00 2.54
B_16 252.38 250.00 2.38
total avg. 249.85 250.00 0.15

-135-




AHA HAe T3 2H1L17H 2ol AT DEEHS AASFAL, =7H olE

=A% HAHgE 53 7o e =dy X vy #HAE 4385

At 191182 2 olE oA e Z# Y Ate] HAC diE A AXE

o7 FH YAERE 5 FE& Uro] 24 FHEE 103 SAHE AA & A

e AEsAth #Fl2e 74 7E Fagteld REd X5 2580 =4

W& Hete] Atk AL1FE A8 oA A3 RIHX T 2MX 5 Ptghe] HA
oA 1.78mm =]’} U= AL AYstaes Imme|uie] HXE Bt 1.3 19119
o] B_1%H B_167HA Y23 14& 54 Aoty 3DELEH t23 3142 250m
Astd ot 250mme} 11.69mme] o

Hats Hole BL59 Hak2 238.31mm
Gl oA A4 JRdE ANEes mAAFE At 116mne
2 WA AR Had A2 29 wAdAS 29 oA AReE 4

<191.20> *121.18 (A_1)’ ceviation color map

<¥1.4> '7191.19° Base model comparison result with scanned data
and modeling results (mm)

No. Scanned Modeling Deviation
avg.
C_1 289.39 287.00 2.39
C_2 285.41 287.00 1.59
Avg. 287.40 287.00 1.99
C_3 610.09 609.00 1.09
C_4 609.58 609.00 0.58
Avg. 609.84 609.00 0.84
C.5 582.27 582.00 0.27
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<¥1.5> '7191.19° Base model comparison result of scanned data
and modeling results (mm)

No. Avg. Modeling Deviation
D_1 252.03 252.00 0.03
D_2 250.99 252.00 1.01
avg. 251.51 252.00 0.49

<¥1.6> '71¥1.18 (A_1)’ Comparison result with scanned data 9(mm)

No. sect.1 Sect.2 SeFt.3 Sect.4 sect.5 Avg.
_rear _middle _front

1 2502.29 2502.81 2496.82 2498.48 2500.48 2,500.18
2 2502.31 2502.83 2496.69 2498.438 2500.43 2,500.15
3 2501.84 2502.91 2497.08 2498.59 2500.84 2,500.25
4 2502.56 2502.86 2496.97 2498.40 2500.54 2,500.26
5 2502.22 2502.72 2496.01 2498.57 2500.76 2,500.05
6 2502.14 2503.86 2495.37 2498.03 2500.77 2,500.04
7 2501.90 2502.72 2495.31 2498.45 2500.59 2,499.79
8 2501.69 2503.03 2495.11 2497.95 2500.32 2,499.62
9 2502.10 2502.76 2495.21 2497.86 2500.43 2,499.67
10 2501.85 2502.93 2495.27 2487.88 2500.16 2,497.62

Avg. 2502.09 2502.94 2495.98 2497.27 2,500.53 2,499.76

#® lde= AEA7] |AE AHshr] Y8l ST BAgela, FE15e 23 =Y 7+
Aol YAE Astr] s HAEghs ArEst] RdH@S Ao #1.6w %129 =
Az oA A_1S 50 A3 gddl, A_1S T3yl 98l sect.l_rear, sect.2,
sect.3_middle, sect.4, sect.5_front2 57| FIH& Url—r01 ZF F7EE 108 SAse 5
50709 HlolHE Hst X2 AP &F Abole =Y Q] dAALe] XFeE Y2
A 2P FAZA AFoE AFF U8V} Eo'] Ae FAstA L, 278120004 B

AA = AAE, B4 FGFEE] WMo T FAHY, JEI HE Lﬂ‘ﬂl A= kel #l
3 SEEQ] sect.3_middle2 AA HF@AE oF -bmme] ZolE BT MA HFE
2,499.7627mm¥} vInE o Z=YPAEjAe WEFolY, AY Ee o|FHAHAAY] WE F
o2 % =AY AFHFoe] BT F S AFE F doh =WH oy FAu4H
mdE x<4=9] Deviatione 4 0.1lmmyEE Hof 1.78mme] oz eyt
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() BAvhy mde] JHA D N5 Az

rﬁ
=)
ol

=@el TulipAbe] Multidisc 250x1
dgS FYgh Fof QR gk
9] Deviation2 #HZ4 0.lmm&FH F
Baags S R2E AF s A%

p o =
S o2 ¥dlo] As Ae=E AR

EdE Hz 3% By AEs Y8 dx
vario_sE 1AW 3z 2 S o] &3] o
AAE T8 2=dolE gy 2
o 1.78mme} gro2 yepylth. 27H o] S

_4

-1> Pﬂ

l

N ottt nﬁ:

o}l
ox,

stk Bate] dolozE xqvelE o3, 2P

Atk JAAF DEEe ZYe] PN 2+ 24 REE S FeHY o

A ZEM2E B8 A o5 heta AFe] AFL BAs A WY F 5 A

WX vk mde) 3D Scan datash 4A mdd HolHE B AFS WIS FA T 5

dlon, ojgt ge Y & & @ﬁlaeﬂ_%ﬂ% 2] AE AANEHE ZHAA
A7s S8 Wrsw B3 2o |43 Hald 24
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(2) Ax A E32}7] F2 4

FEEY2d Haasze A A HEVF 7bed EFEHE 18E ERAAT=
71&29] ZEH|o]H(Rotavaton)¢} 22 A7 2ADeep tillage) Btk AH &£ 57F 15km/h A%
2 WMELN BEYPCE FAEFIL Ha, 7Ynl&o] AR, AHEI} vhsstEE dF
H &5 ZHaste 0 $EEAE S S o+ e AFolgar & & Uk oA Ez




d7] MEE 93 58 4% S Z9Disc harrow) FEREHR 74 Q40 4= 2 YT
Tl g AEE T Iats ddrle 7H‘E‘a}°l %30}‘:} B4 AVl % =

W Fub THLEE 4 2 AL, U] B3 FE AU AAY B A

Hus FA7)% Oy FEE §4 WY 4*5}71 5% usy) UsiA, Bol Bu

AAFES T Edol W AFAe] Bagd, olF s WA AFS TYshoS
S 23 E

ALY HAAE S 4 Eﬂrlal HolEE o] & @ E] Powertrain & &3}

5o

EGFIY s T AT 58 gos By zdd, d9dza g g
=z, AEA7 TR = % UWL— <8, AE59E, HETF L& 240 des
o, HFHozE sF2HEH(Load spectrum)EA & T3l 2 S tigk Aot
dastt. AR AFY 24 T €2 4% ESS] B, AE, vdaEAn
g A% A Az A4s 9% A2 3E Seed ed7} E7] Z27A)
He SRERAT] S48 AAF AA el 82 Aot

op A =g

ARAFS] F2 14 AAHL 4 58 g2z 2 5 P79 AF AAGA
oAl Al2zHle] AHARAEE HME F e 8T AAHolth CAEAH L HFAH7] 24
GANA B T 5 e EAHES AR &0 & F dom AAFS FF AT 7
T AN T2 WA 2 RS & 5 QA AAFY] FxREY AR 7 BEY JEg
< st F4kst AF ARl A &St ARbR Bl &S @SS ¢ Utk dAFH R
AR st EAS T8l AEE EH5t AAE ST 7124

Edlol= AutodeskAle] Inventore] B4 ¥ Y 7|5< ol &t FF5YH A 25
53 A7) Fa FFol et ZAEsAS AASdo. WX ek mde I92.13%
Zol vda#=e FrIA HAEI AR Tulip industriesAte] T3 =2-$-

Multidisc 250x1 vario s 2@ o]t}

F[F of 0{

<j‘?é 2.1> Base model multidisc_250_x]_vario_s

-139-




R5e UsIsizee] AAH AzY 54 9 GArE] 4TS 5] s MY
AE BEAZAGL NG A9 L WAUZE BN FUsel ATRES 595
a8 I EHEOOHP " 110HP)E Ht&o=2 100vH, 150

Ak, Felelq mHA o=
vhel, 2000t EdEe] 2 go] MsAAE HESY o, H215

[e)
v B2y g dASET. 24 A ga3g 2= 90utE o)A o 2 15km/h 2SS T

Agates FEANS 52 WAZYY §HTEE 5

3#2.1> Final marketing goal of the machine

Speed 15 Km/h
Weight 1450 Kg
Tillage width 2.5m
Power above 90 HP
15CM

Tillage depth

rear attach from tractor

Type
) disc harrow+chisel plow+2ridge ridging plow
Function . .
(3 multi working enable)
Price ¥ 9,000,000
(th 23 27 NPetE =3¢ 99 A0 A

Ay Astzgolty =4 A

ERLE

90%, 85%= 7}A3I F2.29F Zo] AXEI¥TE P = £8%
(0 = Z4%%, radsec), (v = %%, kmh)( = etole] B, m), F - Ald,
(Traction /22 = A&, Y= 3ol A= A<lE) n#EHo) 0.736S Hdle] T80z

2 BT, SR} Bolo] EuAL B ASEE AT

7)o Al RalE dZsg

= E3, kN.m),

Ely

gay

N),
<
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<Z1¥2.2> Tractor speed(working) & tire radius

<32.2> Tractor traction

Powertrain 100% [ soil thrust 100%

P(kw) V(km/h) | Tire r(m) | w(rad/sec)| T(kN.m) |Traction(N)|Traction / 22
100 HP 73.60 15 0.9 4.63 15.89 17,663.99 802.90
150 HP 110.40 15 0.9 4.63 23.84 26,495.99 1,204.36
200 HP 147.20 15 0.9 4.63 31.79 35,327.99 1,605.81

Powertrain  90% / soil thrust 85%

P(kw) V(km/h) | Tire r(m) | w(rad/sec)| T(kN.m) |Traction(N)|Traction / 22
100 HP 56.30 15 0.9 4.63 12.16 13,512.95 614.22
150 HP 84.45 15 0.9 4.63 18.24 20,269.43 921.33
200 HP 112.60 15 0.9 4.63 24.32 27,025.91 1,228.45

EIHY o4 dAHS Powertrain 100%0] EFFFE 100%2 7Hg3t9S o 1009

17,663.99 N, 150w}= 26,495.99 N, 2007}= 35,327.99 N o]x1

, Powertrain 90%°l E%33

8 85%% 7FAstES wl 100WF¥ 13,512.95 N, 1507+ 20,269.43 N, 200w+ 27,025.91 N
oty A& ¥ txzd AEe Al A XEH b3 2205 7 vEE 9
AA# o2 (Traction/22) 3t SHFNA-S HAASHL X237 tjxaTe FEsts

o ey iz 29 By dA A= 1832.81kge 17,979.86 N ¥ 3%
g2z AA AF5S 222 o] 17,979.86 N [ 22 = 817.26 N o]¢} o] &3}
shuel dele #AEE 817.260No.2 AAsH T S84 e 5y fx3 =2
2719 ZH Y, A&, v=aE AAEA

Hol ox

2]
=
=
Eat |
BT
b

]:"l_

_{Oﬁﬁ—h
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@) =7 Z8 9 s

58 gxd 2 53 AHrie EYEH 33 3|0 ddHe FEE 59 g
3 A2 B3 ZFGr1e Wl =Y Fiol F3E S A Aok 2%7] Wi
B2 7]1e] A 2 vlE ZAdel] dojA wQd el AL Fasith ZH A
A8 35 Zrle AA EFFA7e FAVE 1832.81kg o= 7 EAo A= 3tF
AL me- Fosith 2y 2L

9 oHE AgA Hzae AEe] weo] &8st

IAHE Ao =R 1A Fixed supportZ -4
= I3 75tz A2 B3 2

e

4719l MA FA 1832.81kgel A&-akar, HQl=ze 34 8]A Fiel EFE Y HUY
o] &gt HtAdrle] APWFor o] HAFst= ALE VM AT I”24=
Mesh nodes= 2750567H, Element<+ 1423987H5 o] &3t medo] o2 74| BEZ 1o
A tha B3g FEE Hola lo], Mixed element types AR8-3te] Mesh& T3ttt

<192.3> Constraint of fixed support & force direction

Statics
Node 275056
Element 142398

<13 2.4> Mesh model
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#2337 3249 2ol ZEdel EA@Y ZEdde 283 EXHOE steel FoE S
g3t v 22 AEE 7HA UATh
<{3£2.3> Mechanical property of steel
Mass density 7.85g/cm3
Ultimate tensile strength 345 MPa
Yield strength 207 MPa
Modulus of elasticity 210 GPa
Shear modulus 80.7692 GPa
<{3%£2.4> Physical properties of steel
Mass 606.036 kg
Area 20293400 mm2
Volume 77202100 mm3
x=-1256.10 mm
The center of gravity y=-1234.97 mm
7=228.684 mm
59 txg ES 53 497 Zdde] AFL steel FoE A= oF 345MPa
ojt}. 259 o] U A= v Zyde Ho Wy %‘C% °F 0.05mm ~ 0.14mm
ola, E A2 $3H& 26.35MPa ~ 68.92Mpa O 2 3% 3|27} AAHE REoA HE
o E WAl S¥o] HAU=E ‘4“:4"’“:} 3l 4123 Powertrain 100% ¢ EYHHEE 100%<
o 100vke, 1500k 200mHEel A B A AFFEES Zoee RES BAHA A
om QPAAG TR 3.00 ~ 78574 e AoE & w HEFAYIIY Fx2AHQA A
& BAV} Gha AnAd. Ao 95 A BN @E Holt Fe SeAH 37 57
AAR} AARE= AuFolm 13259 182.6x3 Powertrain 100%2] 200w} o] ko
2 4L a9 o Ege Ade Ao AFFE ololr] AARE B Bl
nag otk R5Y g HE¢ B D7) Wl zege BEAgel e glol
HHBHA AAE AT AGHATH
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<132.6> Powertrain 100% , soil thrust 100%, 200HP Deformation

<{32.5> Von mises stress of frame

Powertrain 100% / soil thrust 100%

Power Von mises Max deformation ] o
Min. safety coefficient
(HP) stress(MPa) (mm)
100 34.47 0.07 6.00
150 51.69 0.10 4.00
200 68.92 0.14 3.00
Powertrain  90% / Soil thrust 85%
Power Von mises stress Max deformation ) o
Min. safety coefficient
(HP) (Mpa) (mm)
100 26.35 0.05 7.85
150 39.55 0.08 5.23
200 57.74 0.10 3.92
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(mh A EA7] T2

192,79 1 ZEM0Z NG HiEo| x2S BPAYs] 9 (Z oy Figse

A7) BEW B AN TR slEEe A2

= Ay —s}%—% 83hel A4 FAHR, RYAY NN AF A7l AL 13
% Yxazt & @9 PolFH, o]F AZ A7k B 150m o] 4e opA 4

Ue T 5 g0l BeFow A U 4 Ak = fere2 Al Qo) 24 ¢ 4+ 3

| RS XZo] MA HYEA HAsHy] Astel vhHn QolEE X Fof

oﬁ
24

]:l

<Z1¥2.8> Chisel plow drawing

IEES RO EEX:

192.9% Mesh Node4* 2291970, Element% 12677718 o] &3t mdo] o) s HE
Z yHoAH bda BT FEHE Hola o], Mixed element types AME3}e] Meshs
TSNS 292108 Agel AAW A=E W2 ddse 2AA FHlL, Hiol
2he] ol AA Zeldel HHAATe o SHolA Hed %Y A fEAULE o
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Ay FES AYsta A 94 FEol Fixed
Statics
Node 22919
Element 12677
<1%2.9> Mesh model
<{3%£2.6> Material property of SS400
Yield strength (MPa) .
Tensile strength
16t excess, MP
16t less than * (MP2)
40t less than
245 235 400 ~ 510
<{3£2.7> Physical properties
Mass 7.55125 kg
Area 898662 mm2
Volume 7551250 mm3
x=-1370.370 mm
The center of gravity y=-321.859 mm

z=-176.613 mm

<Z1¥2.10> Fixed support
Zo] EAN AAAFES 7] "W o] E2.600A49F o] SS400 AHZ A A
I E2.73 Zo] A EAS o]&3dt A Eo] A Al AW wEA He "ol 9
-146-




oAA AN 7 AZel g sHF 1000HY W 029N 150vHHY
1,204.363N= 2007k = 1,605.8IN= 283, 19211 (a)+= 2 Zlol 100mm
o, (b 200mmY w, (©F 300mm Y W g AAG T PFoIth. EF X Fof
gt FAH e 172N 2 483 Wol ol £AS PO HFS Lolsyo,

(2)100mm (p)200mm (©)300mm
<Z1%¥2.11> Force direction of each tillage depth(mm)

<Z1¥2.12> Distribution of von mises stres at chisel plow

<{32.8> Chisel & Chisel Arm von mises stress (Mpa)

Powertrain 100% [ soil thrust 100%

Power i
©P) Tillage depth 100 mm 200 mm 300mm
100 phisel 11.30 18.35 34.69
chisel arm 17.79 33.02 39.97
150 phisel 16.71 29.74 52.04
chisel arm 26.68 46.72 59.94
200 phisel 27.69 49.29 52.57
chisel arm 35.44 63.82 86.36

Powertrain  90% / soil thrust 85%

Power .
©P) Tillage depth 100 mm 200 mm 300mm
100 phisel 8.50 17.62 26.53
chisel arm 13.62 23.85 30.50
150 ;hisel 17.00 30.32 39.81
chisel arm 20.42 35.75 46.96
200 phisel 12.68 21.86 28.12
chisel arm 28.80 47.66 65.55
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(C) Z-axis
<1¥2.13> Deformation of powertrain 100%, soil thrust 100% and 200HP

<{32.9> Chisel X, Y, Y, Total deformation model (mm)

(b) Y-axis

(d) Total

Powertrain 100% / soil thrust 100%

Power .
©P) Tillage depth 100 mm 200 mm 300mm
X-axis 0.166 0.288 0.367
Y-axis 0.005 0.009 0.010
100 HP Z-axis 0.089 0.156 0.201
Total 0.167 0.290 0.369
X-axis 0.247 0.431 0.549
Y-axis 0.007 0.011 0.015
150 HP 7-axis 0.133 0.233 0.300
Total 0.249 0.434 0.552
X-axis 0.329 0.574 0.731
Y-axis 0.009 0.017 0.024
200 HP Z-axis 0.177 0.311 0.401
Total 0.332 0.578 0.734
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<{32.9> Chisel X, Y, Y, Total deformation model (mm)

Powertrain 90% / soil thrust 85%

Power )
©P) Tillage depth 100 mm 200 mm 300mm
X-axis 0.127 0.220 0.282
Y-axis 0.003 0.006 0.008
100 HP Z-axis 0.035 0.119 0.154
Total 0.128 0.221 0.283
X-axis 0.190 0.330 0.420
Y-axis 0.005 0.009 0.012
150 HP Z-axis 0.102 0.178 0.230
Total 0.101 0.332 0.422
X-axis 0.253 0.439 0.562
Y-axis 0.008 0.012 0.019
200 HP Z-axis 0.136 0.238 0.307
Total 0.255 0.442 0.564
B X & FxHH Ay
2EY iz 2 BF AU/ AF ALS S0 FOF FRAE 245MPa Hr) <
A7 =7F F 500MPaclt). #2822 X& §8 4 A grola nEHI olE EElsly

Attt AiFoE A7 EoeE A7V E4FYEr] Y
o] && ste Ae & F AT AY ZHolet npgo] F4E
7Vshy 192.12 Powertrain 100%, E9F ¥b&8 100% 200=F= =}t
O = A2 8L 86.36Mpaz Ao FEHZ} A-AH

g nFol B u) NZAY)Y TaE ds MAHAGL B
laege]

L

4 2

3

bloz2
AN
o

T

22 g o
8

by o

~1¥2.14 Disc harrow for analysis
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(h) H== Fx284

BgagloA taze) gge 0om AR ARS W, WE, HEd T 4@
Bk taat Eol Ba AMYE FUSH B AFNLS S5 $HANS A3
stk IW2delN wdAo R HAS Fio] Ui P taa ¥
yolt, tjaanyel 5 @,% ;E A BE 39 U RS P LIT AAS 49 A2
I gtees A4edEE 321 Jr*f—l"i— 10°,9°,18°,27°, 36° =& /I3ty =g
Yated shsigh ok, T P

shelale ST X, Y, Z%ol d@ 2 e w3

<19¥2.15> Angle of disc 3D model(0° , 9° , 27°, 36°)
n O3 FxA =24
ZtY 20cm o]l zlolE fs "= AVIE 06209 YxaE AAsy AHES
SS400& A" stdth 1382.16S Mesh Nodes 269127W, Element<s: 13520712 o] &3}<]
Mesh& 43ttt #2.102 sidstdle dxasl| 299 st 82 Aol

<3£2.10> Physical properties of SS400

Mass 20.1676 kg
Area 985313 mm2
Volume 4812790 mm3
x=10.3734 mm
The center of gravity y=-12.7817 mm
2=9.32775 mm

-150-



Statics

Node 26912

Element 13520

{71%2.16> Mesh model and components
139217 922 Fixed support® TlAaE 2 18/E UIY 99 2 6719 BEE=Z A
ZH A AAE F&o] AgEo A ZHdH LEA He W HAAE Fixed 202
2 AAste] FAAS AFAAT

<1%2.17> Fixed support & force direction
I8217 LEZL 28 3 xAoZE= EAEY nvHEHA00 HP, 150 HP, 200 HP)¥E, ¢
9] ZE(0°, 9°, 18°, 27°, 36°)HE T2z We| 2 AU TL100%Y
802.91N, 90%¥ uw 614.22N, 343 7A<l=(vertical tractive force)xtand, 218 817N
(19218, #2.11)& AF=stt.

<Z192.18> Force direction
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<32.11> traction, lateral force calculations

Powertrain 100% [/ soil thrust 100%

100 HP 150 HP 200 HP
Angle ) Lateral ) Lateral , Lateral
Traction Traction Traction
force force force
0° 802.91 0 1,204.37 0 1,605.82 0
9° 802.91 127.168 1,204.37 190.75 1,605.82 254.34
18° 802.91 260.88 1,204.37 391.32 1,605.82 521.76
27° 802.91 409.10 1,204.37 613.65 1,605.82 818.20
36° 802.91 583.35 1,204.37 875.02 1,605.82 1,166.70
Powertrain  90% / soil thrust 85%
100 HP 150 HP 200 HP
Angle ) Lateral ) Lateral _ Lateral
Traction Traction Traction
force force force
0° 614.23 0 921.34 0 1,228.45 0
9° 614.23 97.28 921.34 145.93 1,228.45 194.57
18° 614.23 199.58 921.34 299.36 1,228.45 399.15
27° 614.23 312.96 921.34 469.44 1,228.45 625.93
36° 614.23 446.26 921.34 669.39 1,228.45 892.52
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<{32.12> Disc, Disc frame von mises stress & Disc frame Contact pressure (MPa)

Powertrain 100% / soil thrust 100%

0° 9° 18° 27° 36°
Disc von mises stress 37.46 38.98 56.98 86.81 115.01
Disc frame
100 133.64 140.63 193.86 237.16 254.29
contact pressure
HP
Frame von
. 49.68 41.04 62.52 84.55 101.61
mises stress
Di
IS¢ von 56.04 58.54 85.64 130.43 172.77
mises stress
150 Disc frame
200.41 211.19 291.10 356.07 381.83
HP contact pressure
Frame von
. 74.36 61.42 93.95 127.02 152.61
mises stress
Disc von
] 74.62 78.09 114.31 174.07 230.54
mises stress
200 Disc f
IS¢ Trame 267.13 281.78 388.26 475.05 509.38
HP contact pressure
Frame von
. 99.07 81.75 125.41 169.46 203.61
mises stress
Powertrain 90% / Soil thrust 85%
angle 0° 9° 18° 27° 36°
Disc von
) 28.72 29.79 43.51 66.30 87.87
mises stress
100 Disc frame
102.25 107.47 148.18 181.30 194.16
HP contact pressure
Frame von
. 38.07 31.43 47.75 64.59 77.66
mises stress
Disc von
] 42.94 44.77 65.43 99.68 132.05
mises stress
150 Disc f
Is¢ Trame 153.33 161.44 222,46 272.07 291.92
HP contact pressure
Frame von
. 56.95 47.02 71.77 97.07 116.65
mises stress
Disc von
. 57.16 59.71 87.36 133.05 176.24
mises stress
200 Disc frame
204.38 215.43 296.74 363.23 389.49
HP contact pressure
Frame von
. 75.85 62.59 95.81 129.57 155.67
mises stress

-153-




B gad Ty Ay

o

O

Feol o3 fxmsfz-o 82 t==d st
Joll A 7+ & % o] YEt= HFE2 Fixed=
= YEAe] dAFRAAM 7 A Yetde A

o
ki O{N

= A
%LJ P A, Ao WE g3 H
& 100%, 20071, 36° 4 w) T E v
e 230 54Mpa, 1-4# = HELH 500.38Mpa, Z#H Y 2
203. 614Mpai Uehdth = &go] 90%Y wlx 200mHe, 36° & wWrl mE gho] 1
AL Fold 4 9t}

o £ % W & o
ofr

(v oo (0 oY R (K

oo o ol
tor g
ro
ek
4y
>>.
-E J
AN
L
oZi ©
rlu

2 gy

I
=)
=

192.19 Disc frame von mises stress
(powertrain  100% / soil thrust 100% 200 HP)

(a) X-axis

(c) Z-axis (d) Total
1%32.20 Disc deformation (powertrain 100% / soil thrust 100% 200HP)
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{3x#2.13> Deformation for each X, Y, Y and totalimm) direction of disc harrow

Powertrain 100% / soil thrust 100%

angle 0° 9° 18° 27° 36°

X-axis 0.0009 0.0014 0.0010 0.0028 0.0280

Y-axis 0.2046 0.2931 0.3787 0.4737 0.5349
100 HP

Z-axis 0.0840 0.0610 0.0859 0.1190 0.1436

Total 0.2608 0.3691 0.4943 0.6553 0.7865

X-axis 0.0014 0.0021 0.0016 0.0047 0.0425

Y-axis 0.3071 0.4402 0.5687 0.7115 0.8034
150 HP

Z-axis 0.1255 0.0910 0.1289 0.1786 0.2155

Total 0.3913 0.5542 0.7423 0.9839 1.1809

X-axis 0.0019 0.0029 0.0021 0.0065 0.0570

Y-axis 0.4098 0.5874 0.7588 0.9493 1.0719
200 HP

Z-axis 0.1670 0.1210 0.1719 0.2382 0.2874

Total 0.5218 0.7392 0.9902 1.3126 1.5754

{3F#2.13> Deformation for each X, Y, Y and total(mm) direction of disc harrow

Powertrain 90% / soil thrust 85%

angle 0° 9° 18° 27° 36°
X-axis 0.0007 0.0011 0.0008 0.0020 0.0212
Y-axis 0.1564 0.2240 0.2893 0.3619 0.4087
100 HP Z-axis 0.0645 0.0469 0.0657 0.0910 0.1098
Total 0.1995 0.2823 0.3778 0.5008 0.6011
X-axis 0.0011 0.0016 0.0012 0.0034 0.0323
Y-axis 0.2348 0.3365 0.4347 0.5438 0.6141
100 HP Z-axis 0.0962 0.0698 0.0986 0.1366 0.1648
Total 0.2993 0.4237 0.5675 0.7522 0.9028
X-axis 0.0014 0.0022 0.0016 0.0048 0.0434
Y-axis 0.3133 0.4491 0.5801 0.7257 0.8195
200 HP Z-axis 0.1280 0.0928 0.1315 0.1821 0.2198
Total 0.3991 0.5653 0.7572 1.0036 1.2046
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¥2.137% 1392202 X, Y, Z
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H [e]

HPE‘:‘O]:O

=

=9

|

e

=3 Aot 0° & 25549.171mm’2, 9° £=51066.458 mm 2, 18° +=

1
T

82457.289mm 2, 27°

l

Bz 25500471 2

<14 2.20> Projected area
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of each disc angle

<{3£2.14> Projected area of each disc angle

Angle(deg.)

Area(mm?2)

OO

25549.171

90

51066.458

18°
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36°

16004.665
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n ASdolEjoe] M SA
AZuolelsh 2AuolE, AFuolE 9 A5 st o

No 2=7(a) 250D | 2E™Hb2) | AF Ha | 22" dJx
W_1 701.2098 700 700 1.20977 1.20977
W_2 908.2242 910 915 1.7758 6.7758
W_3 701.5121 700 700 1.5121 1.5121
W_4 2470.216 * 2470 * 0.2163
W_5 228.215 * 226.469 * 1.746
W_6 293.2297 * 295 * 1.77035
W_7 223.1175 * 228.504 * 5.3865

1 30 30 30 0 0

2 734.84 730 730 4.84 4.84
3 79.423 80 80 0.577 0.577
4 481.4485 485 490 3.5515 8.5515
5 60 60 60 0 0

6 108 110 100 2 8
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NO 2=70(a) A =1 2d39b2) | A5 "Hxr | 2dy d1a)
1 170.4678 * 163.509 * 6.9588
2 79.4181 * 80 * 0.5819
3 83.1766 80.27 80 2.9066 3.1766
4 82.0239 80.64 80 1.3839 2.0239
5 15.4849 * 15 * 0.4849
6 1767.23 * 1776.499 * 9.2688
7 181.2357 * 180 * 1.2357
8 32.2823 * 33.32 * 1.0377
9 31.5248 * 36.114 * 4.5892
10 77.6548 80.31 80 2.6552 2.3452
11 204.3828 200 204.564 4.3828 0.1812
12 79.457 80.64 80 1.183 0.543
13 1018.344 1015 1018.842 3.3435 0.4985
14 51.2896 * 55.634 * 4.3444
15 16.2484 * 17.523 * 1.2746
16 154.333 150.58 150 3.753 4.333
17 67.8413 70 71.629 2.1587 3.7877
18 81.4771 80 80 1.4771 14771
19 112.0137 * 123.572 * 11.5583
20 102.5396 100.33 100 2.2096 2.5396

(W) sARdG et 24, 22 5 Fa5 7x84

SRR
g9l BANY S
R R

ot

3k ) 2~F, XEA7) ] 7t A=
getATh AZAQ FHAA IIe
43S disc, chisel plow® ]3|

e
ro oo o

[¢]

atE((P) = LW/AIZHD = [F(E) X o] 5 A SN AIZHD

19k = 746W = 746]/s = (Fx37.3m)/10s

w2k = Q3 F(F) =(746]/s) X 10s/37.3m = 200J/m = 200N©o] T},
1007}= = 20000N, 150w}= = 30000N, 2007} = 40000Nel| 3H 3

gS olry] ¢3) InventorE o]
< 100713, 150714,

= 200mt5 0.2
HEE o] &3t AlEd A<

<
T
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n IAH =4A

name steel{frame, chisel plow, disc frame)
mass density T.B5gcm”3
narmal ultigate tensile strength 345%iPa
vield strength 2070 Pa
modubus of elasticity 210GFPa
S shear moduhs E0.7692GFa
name steel, nﬂay(diﬂ: blade)
mass density T.73gem”3
normal ultim ate tensile strength 400MPa
vield strength 2305Pa
maoduhus of elasticity 2050Pa
e shear moduhes 7884620 a
RSB P
Ol EES
@ stzz71:100m18, 15071, 200v= e sl 283FzF<] 20,000N, 30,000N, 40,000N
o7 A
@ A& M 92371 187 X Eo] tgiEFF oz 2072 EHoz HF
@& Zr=(0° ,9° ,18° ,27° ,36° )ol wzt JliAlE SERHE(R  -Grgesnpprannid e
@’ =l ) X cos F 2 =3 Xaw )= A4t
@ WATA Fthe] Hade] At 18° ofn, A= WHE Fo $UT FEEAL
a3

&3t AEdelds

Fix

36'
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F((PS) F 5 = Alfég}e s s
100 F(2) 0 158 324 509 726
(1000N) F(3) 0 1012 | 1051 | 1122 | 1236
150 F@ 0 237 487 764 1089
(1500N) F(3) 0 1518 | 1577 | 1683 | 1854
200 F@ 0 316 650 1018 | 1453
(2000N) F(3) 0 2024 | 2102 | 2244 | 2472

Had sjzs-o A=le 5ol 4§
slBg FEzdos Aeh I A ofef ®o} o] g
wet g3 2o A&t & Az SES HEYYe] SEE &

dol ol wet Agate P
Z

{32.1> F85F2] von mises stress, contact pressure(MPa)

Hp Measured value Angle
(Mpa) 0° 9° 18° 27° 36°
Von mises stress 8.10 29.39 34.05 39.62 42.56
100 Contact pressure 41.40 69.15 80.04 87.81 94.79
Von mises stress 12.28 43.96 50.90 59.30 63.66
120 Contact pressure 62.04 | 103.77 | 119.92 | 131.74 | 142.14
Von mises stress 16.46 58.95 67.72 78.97 84.78
20 Contact pressure 82.68 | 138.39 | 159.76 | 175.65 | 189.51
(th A=&E=F
I EEE]
@O stEz=71:100vH=, 150wk, 200WF= o) dis 2+2F 2H8-3t5©] 20,000N, 30,000N,

40,000N ©.& A Ak
@ A= Nt t==A7} 187F A Ho] g o= 207]9 #E€o= 1

A E(9we (3) XenhZ o])Z ALt

@ 73A10cm, 20cm, 30cm)ol wel 7heiA = ¢

LI RS

O N&A719 Ao E A2 ST FEGHLS Zort HojAS4E o) v wHo
AAZ] W& A3 gro] Frhoh
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(REZHE) (20| #Z3l= H)

{32.2> 8 52| von mises stress, contact pressure(MPa)

HP Measured value (Mpa) 10 em Tﬂle;goe Ccrlgpth 30 cm
Von mises stress 160.98 253.63 342.82
0 Contact pressure 485.04 372.99 505.76
Von mises stress 241.48 380.44 514.27
0 Contact pressure 727.60 559.49 758.64
Von mises stress 321.98 507.26 685.69
. Contact pressure 970.16 745.99 1011.53

(@) Baly] AA =g Tz

v RElge Bo 429 &9= mdel d@ rEAAL e A4 4%
2 ol gstel WAL

n oA E2E HAAAE ol 8% AAF HARD] B TEANES FEEY) HA
gl T TEANS FUY

s ARG BN Bd 22 HAAAE o §F 13 AAE HARAGH)
B AAPe] U AN Bol WAk muse MaE Fo AAARA A5

<{3%2.3> von mises maximum stresses (MPa)

chisel

Frame ~  |front disc|rear disc
plow

100 hp | 159.676|14.7805(0.190247|0.161918

150 hp |239.524|22.1708 [0.286425|0.242874

200 hp [319.368| 29.561 |0.381921]0.323832

n SEOl T BAL B 145 Bl U BN 5

ol
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<1382.1> 200ntE o2 & Ztxo) 3L 713 Ax

) HFNAF 2A AHAE AF

b FoF F2AEA - 15 34
I 2A
@© 7+4

zYslel A9 zEdddd A&t Hol Rtk 1t sid s W3PS A S
@ @ - = AAHPL 20,000NF D), ZEUe] A ﬁﬂlgl AL 20,000N2]
2u1Ql 40,000NC.2 7}gatar, zb vz} X o] Ty qle]l AAE HEol| 1538460 NoJ
(32 Heja} (el N AZeSo] S5 o] 267, 40,000N/26‘=.1538.460 N) =
go Ze Y FAYFe] FoiF
oS #2858 .
32| 9810.000 mm/s"2

SE X |-9810.000 mm/s*2
HE Y |0.000 mm/st2
ez (0,000 mm/s"2

oL R & 2l il

=2 20000.000 N ~ |1s38.460 N
#HE X 0.000 N -0.000 N
HIEEY 1-20000.000 N 1538.460 N
lmg 7 0000 N 0.000 N
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@ AE2A : APoww 2AS AAsie] A3
@ QA T I AZF9 AMAL SS400, tlA2a= HEHROZE JAA HEe et
25
OE |ssA00 g |2E%
SF 2L 7.8 g/em”3 2% 2L 7.87 g/em”3
N 230 MFa L e S 380 MPa
=3 A% FE (500 MPa S0t A LS |620 MPa
A= 160 GPa B 210 GPa
SH =00 H| 0.3 ul 2% |moitol 4 0.3 ul
MO A% 61.5385 GPa HME A2 80,7692 GPa
@ 314 A7
47 8= o 3
=2 325.484 kg MEdold £ |FE 4
Sy 55478000 mm~2 DR T A L i{_];z—w—us, 27
HE 271041000 mm~3 TAEE BN D |10
¥=-235.923 mm H
ZH &4 |y=292.20 mm B= mfolbel | o
z=-12.0477 mm Mg 54
5% o 24 orle
224 54 Uy ZE 9 4A
87 24 37|(2g A5 29) 0.1 Hp 2 HiE2 OhE
5!* 94 37)(EF 379 2= 0.2 FazH o =2 ol as
e 1'5 37| FH4(xyY) 37| FHaLXY,1)
i : §82.361 6.88925 N
50 5% 28 60 deg . " i
2404 22 B %2 IF FEE2:1 {701,006 N |-157.435 N 25.2464 Nm  |-4.23893 N'm
S2AE G0 O EE 75 S8 AR o) 336793 N |-23.9155 N m
w2 TEERANA Y vig 9 wkzkg BmdE
oS ETES S |=chzEe ol S TN |=icHae
=HE 271040000 mm ™3 =HE 271040000 mm™3
= 211 7.75 kg = [2117.75 kg

0. ODDODDEATES MPa

23.801 MP=

. DOODDDEATES MP=

|-1:46965 MP=
23,0226 MP=

_|14.272 MP=

0.966713 MPa

|-1.46965 MPa

-23.0226 MPa

0. DOODDDDS50534 wl

0.000106556 wl

ﬁ-‘?—l 0 0.0322183 mm 0 0.03233183 mm
S Al 966346 ul 15 SEFEA = '9.66346 ul 15l

3 ¥ -13.1848 MP= 3.83358 MPa =3 %X -13,1548 MP= 3.83398 MPa
== xr |as1ms mPa |12.o813 mea == xr ais119s Mpa 12.0813 MP=
=3 xZ —4.58474 MP= 1.82511 MPa 23 X 4.58474 MP= 1.83511 MP=
23 vy -5.8556 MPa 4.7082 MP= 23 ¥ -5.E556 MPa 4.2082 MPa
B vz -2.9351 MPa 6.82552 MPa - vz -2.5351 MP= 6.82552 MP=
== == -8.23365 MP= ~|z.28855 mpa =3 == -8.23365 MP= 3.26655 MP=

x =12 -0.0035732 mm 0.00ZB0803 mm TETETR 00035732 mm 000280803 mm
L] 0. 03217 o .02 10309 mem 5] -0.032217 ovm D002 L0308
z AT -0.00435476 mm 0.0043013 mm FE=C] -0.00435476 mm 00043013 mam
=-F HE |0.0D00D0DODO0SE0002 wl  |0nODD13155 wl =7 9y 0. OO0DOODDDODEED002 wl  |0.00013155 wl

-0.000145432 wl

(0. DDOODDDGBE35S ul

2T e 0. DDODESE00Z ul 0.0D0021 7468 ul ECES (0.DDD02 17468 ul
BHE x 0. 0000147227 ul O ODDOSELEDT wl S My 0. ODD0147222  wl 0. DOODSE1E09
ST wE —0.000037251 ul 00000148251 ul s 0.ODD0ITEST wl 0.000D14EZS1 ul
s vy -0.0000259328 ul (0.0000253368 ul BE Y 0. 000055328 i (00000252388 ul
HE vE -0.0D0033EATT ul 0.0DD0554574 il HE vz -0.0D002FE477 il 0. D0DDS5A57S el
HE ZF -0, DDODEEI0L wld O ODD034 136wl S 77 -0 DODOHEE10L wl 0. DD00241 326 el
= T3 0 MPa _|41.0232 MPa o= s OMPa 41,0232 MPa
g= oHx -11.5806 MPa 5.4113% MPa = ore -11.5806 MP= 5.41135 MPa
E= E v -5.41545 MP= 35.8815 MPs = Oy v -5.41549 MPa FDEELS MPa
BE o3z -12.7325 MP= £. 72701 MPa g2= g3z -12.7335 MP=s &. 72701 MP=
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B o3 2ADisc design)

O =42 d9@%

1A B4 T E

o1& 7w, & |38 MPa ?L;i‘g;%%]\%?%ﬂ zZom, g=F ¢ o2 BAASFE
ArE 24 %

@ 718 =1 9 43 23

Powertrain  100% / Soil thrust 100%

P(kw) | V(km/h) | Tire r(m) | w(rad/sec) | T(kN.m) | Traction(N) [Traction / 28
100 HP | 73.60 15 0.9 4.63 15.89 17,663.99 630.86
150 HP | 110.40 15 0.9 4.63 23.84 26,495.99 946.29
200 HP | 147.20 15 0.9 4.63 3L.79 35,327.99 1261.71

Powertrain  90% / Soil thrust 85%

P(kw) | V(km/h) | Tire r(m) | w(rad/sec) | T(kN.m) | Traction(N) [Traction / 28
100 HP | 56.30 15 0.9 4.63 12.16 13,512.95 482.61
150 HP | 84.45 15 0.9 4.63 18.24 20,269.43 723.91
200 HP | 112.60 15 0.9 4.63 24.32 27,025.91 965.21

Holzo e pHE
=1000*295[N*mm]

o
T

=100*170[N*mm]

=100*170[N*mm]

=100*170[N*mm]

Min
Max

0.00
766.2(Mpa)

0.00
31.5(Mpa)

BEEEEOE P E R

0.00
31.49(Mpa)
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@ M(ZRE) = F(J) * 1(A2h< ol&st] ¢3S 73
W Fl(dA =) 10013}&’ 7o ®E Yt o83t o, FX

B
n
p‘g
[?['F
[
v}
juied

olE Sd | IHE

37| 63130.000 N mm
HE X [49963.663 N mm
elE| Y  |38587.942 N mm
HiE 7 [0.000 N mm

o= ol
= 741.960 N
SEf X |-171.089 N
siEf Y 501430 N
#Ef 7 |-519.424 N

<182.4> H F4(49)

TEEUOE 55 IHarXY,Z)| 37| THRA(XY,Z)
26.5147 N 12.887 N m
DN P=57E2:11176.014 N|-79.4034 N 13.5294 Nm |4.1192 N m
-154.832 N -0.0342544 N m
-14.4035 N 0.322672 N m
= &1 (248.056 N[42.5059 N 0.998673 N m -0.937946 N m
243.962 N -0.116141 N'm
-5.58473 N -0.066516 N m
m A&z M)  [114.395 N|48.0795 N 0.247898 N m|0.185347 N m
103.651 N -0.150583 N m
-21.1726 N 0.158795 N m
m P23 (43.0677 N|12.5227 N 0.544621 N m|-0.47512 N m
35.3516 N 0.213676 N m
189.769 N -34.5048 N m
o A&xM4 |631.458 N|-526.445 N 76.983Nm |44.6504 N m
292.544 N 52.3654 N'm

~167-




@ e B2 E A S

o & JETES [y
L] LAXOIO8D mi S 3
1 14308 ky
B o= 80 [0 MPa 06, 59 HP
{8 mM 5 S e -3 20074 MOn 204,51 Mt
[ G - TGS M FLOTAY MPm
(L] £ LD TN
5L LAZTG 15 ul
5 0 _ 24,0475 M 173635 #n
Tk | F2.060 MPn S0.0071 M
k4 -3, AR MPn 3170 P
= vy (o105 e 05 1407 MP
[E®myr 121088 MPa 118,48 Mom
B Ir -1A0LETE M FH_ D B
L -1l .45 16 mm O.O10EIEE mim
L] _O007II0T men | 0.0138E55 mm |
2 -0.0O3NE6T nen 0,056 |
BT A8 (Gl OO0 PR ul |
O F e 0L OO | ul | 0. OMETSE0 ul
e | gqmuu_ﬂ.m:mﬁu nmqmnu
0 00,0040 Wl |0.00FF 18214 ul
CLE CONEISEL) ul |0, O00F00EE ul
o D000 Ul |0.000476403 ul
Yy 0. ONERAS4 wl 0. R il
e vE |00 1A ul |0, 0006708 ul
o zz 0000545700 il | 0.000425848 ul
.F-. ﬁ'ﬂ-. D MEa 2, FATEL M
- e x -Z.14308 MPn 171561 M
EEm Ay 515009 Mew ERETTN. o
LR -1 TH49 e 4.1 507 =
B X &Z2- AA(Chisel plow design)
O A=A

{3F2.4> tractor traction

Powertrain 100% / Soil thrust 100%

P(kw) V(km/h) | Tire r(m) | w(rad/sec) | T(kN.m) | Traction(N) | Traction/28
100 HP | 73.60 15 0.9 4.63 15.89 17,663.99 630.86
150 HP | 110.40 15 0.9 4.63 23.84 26,495.99 946.29
200 HP | 147.20 15 0.9 4.63 31.79 35,327.99 1261.71

Powertrain 90% / Soil thrust 85%

P(kw) V(kkm/h) | Tire r(m) | w(rad/sec) | T(kN.m) | Traction(N) | Traction/28
100 HP | 56.30 15 0.9 4.63 12.16 13,512.95 482.61
150 HP | 84.45 15 0.9 4.63 18.24 20,269.43 723.91
200 HP | 112.60 15 0.9 4.63 24.32 27,025.91 965.21

@D =dEHe Ay AAge

Powertrain 90%¢l E<F

&)
2 Traction/28 ¢ Fk

=
T

I}
=

Z

L

a
Aze) At AAY A
e gL w

Powertrain  100%¢l|

= A3 o2 UFol

EY FHY 100%= 78w

85%= 7143t S W Table®] kol U
we AEH Hzal F 28AE
$HAA e AT,

7} ojed o Al

-168-




Z 3

<Z1¥2.6> Chisel plow plan

Statics
Node 24558
Element 13511
o|l= SS400
e 7.8 gf/cm™3
U == Z2e 230 MPa
=ot QIEF ZFE (500 MPa
= 160 GPa
== = Q0] d] 0.3 ul

e A=

©1.5385 GPa

<Z1¥2.7> Mesh model or SS400 material
<{3£2.5> Mechanical property

mass 7.76083 kg
area 942033 mm 2
volume 7760830 mm 3
x=-1333.7 mm
the center of gravity | y=-2173.95 mm
z=-200.353 mm
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@ FL4AdEE ALsta
ez 7453

7] mEol AR SS40008 TR HASAT,
= Hol| oA Axtd 7+ xZe] L
946.20N 200712 w] 126L.7INS #83lg, = 2
Moz rol YN e AN,

100mm 200mm 300mm  100mm 200mm 300mm
<192.9> Chisel plow von mises stress (MPa)
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Powertrain 100% / Soil thrust 100%

HP tillage depth 100 mm 200 mm 300 mm
100 chisel 7.432 7.434 7.435
150 chisel 7.434 7.443 7.445
200 chisel 7.458 7.461 7.464
Powertrain  90% / Soil thrust 85%
HP tillage depth 100 mm 200 mm 300 mm
100 chisel 7.434 7.435 7.436
150 chisel 7.434 7.435 7.437
200 chisel 7.441 7.443 7.446

@ A& =0 A3

@) Powertrain 100%° B F3138 100%=Z 7143 4t Powertrain 90%°] E<F
T34 85% 714l ¥ AAE 7
W zZo|7t soETE E AL ZYgko] ofF wAlEA s UAIRE A9 Apolvt
= Adghol v

@ 759 fxz 2 B A7) A& AL SS400 Fo 2 FEFE 230Mpa
Hol AFF=7F oF 500Mpasd.

@ 2y Zole} wigo] FrtdrE A8k ol Frheth 1009k, 2009,
3007HE 25 7xx/t ystoen= X]""ﬁﬂ«l TEE HAEHA AAEAT L AT,

8l
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{3F2.6> tractor traction

Powertrain 100% / Soil thrust 100%

PG |V (/i) Tire r w T Traction | Traction
(m) (rad/sec) | (kN.m) (N) / 28
100 HP 73.60 15 0.9 4.63 15.89 | 17,663.99 | 630.86
150 HP | 110.40 15 0.9 4.63 23.84 | 26,495.99 | 946.29
200 HP | 147.20 15 0.9 4.63 31.79 | 35,327.99 | 1261.71
Powertrain  90% / Soil thrust 85%
Tire r w T Traction | Traction
kv VI Gadiseo | Gvm) | v / 28
100 HP 56.30 15 0.9 4.63 12.16 | 13,512.95 | 482.61
150 HP 84.45 15 0.9 4.63 18.24 | 20,269.43 | 723.91
200 HP | 112.60 15 0.9 4.63 24.32 | 27,025.91 | 965.21
W AHe] 54 (S5400)
o= SS400
2 EE 7.8 g/cm”3
gt st dn 230 MPa
=&t QIE ZHE |500 MPa
E=V n 160 GPa
=25 I Qp£E0O| H 0.3 ul
mieE Ay 61.5385 GPa

@ TH2A 2 dFxd
=

@ a4A
A 2EA PR

T7HEE(E v A2 ZE)o] 11.37TMPazZ e, SS4009] JIFAE= =
Aog Az
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=17 TH24(X,Y,Z)
8.29718N
B PEEZ:13839.94 N|167.535 N
3836.27 N
7.49954 N

B 32X 3340.77 N|-149.523 N
3337.42 N

37| TE84(XY,Z)
ONm

0.31524 N m [-0.181688 N'm
0.257616 N m
ONm

0.515003 N m|0.212219 N m
0.469245 N m
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4714 Al(Robust Design)e} <+ o] =& Drawbar
OS2 §8Y T2 759 AdY SAHAZA= EFAH 75‘11]*3% =8
| b o]E24& AEste HAJFSHE d 5ot W2l g 7]

nl_l.,

1. TEST VEHICE 2. LOAD CELL
3. F' 4, FIFTH WHEEL

<192.10> Load measurement system using 5" wheel

(L) o] &4 &4

B 524U AE AgAMA FE AREE T2 (offroad) HFHOE £Y, FHR
sk, 718 Bzl mebA S4o] Watste] F31Y gRIL ol snE HAddsE =
ol7] A% Wtoz L rFo| EHES| FAE clBFH o2 BHF

B oAt A EYH At We FIHIA EsATl os) 2AHH =)

N

-173-




21 HE EZEHS &Y 7] Atolol A drawbar
N0l 7hssith  ofgle] I™EL =Y LAY Azt o2

o /1 v
drawbar pull®] HElE EAF1 A=t 420 A4S M E &3 EEHETEY
THEE AET T 4 AFgadd st YUY EY AFH Y-S AAtste 4

Drawbar pull(kN)

e 100 zo0 300 400 500 600 700 800 900

<Z192.11> drawbar pull for time variation of tractor

LW FYAM YxEEo WA EYEY FYET VE SHstd, A7
dol me EaYnE ogad vz AAAS 4FY 4+ Ak B AL Bo] &
AAE A A4 AAAFL SASHE PPS AR 2Qsigoy), sFre
FAL ol g3te] AL dZse Yol FWAOE AAPL 5 F Fo REF
MA A HEIL §olF AOE W] AUYY BEL o|2AL ol§te] ¥ED

S AA o A=
B o) 7P AE FRAEH L oty THA PKPA sl@Ey the3 o] T3kt
(Bekker et. al, 1969)

k
4288 P=(=0 + k)2 [kPal = memmemmmmmmmmmmmmem e )

b
A7NA, ko ke EFHHASKN M ", KN/m? ")
ze B3 AHotFm), b: HHY Z(m), n: EY

FE
é
:L),
Ja
Wi
=
o

e e =

=

ﬁ.I

]

an :

<:l*3‘2 12> Loadlng force geometrlc dlagram for soil cond1t1on of traction
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<19¥2.13> System overview of drawbar pull measurement
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(E27D> AR o2 AQlEe] Wl A A5
A ZH(s) rpm AXNEINmM) | ¥&7) d8= E3(Nm) Drawbar pull(kN)
0 1088.87 40.365 21.033 0.015144789
0.005 1120.19 41.582 21.695 0.057604257
0.01 1151.548 42.801 22.358 0.100127863
0.015 1182.923 44.02 23.022 0.142715607
0.02 1214.294 45.239 23.686 0.185303352
0.025 1245.638 46.457 24.349 0.227826958
0.03 1276.937 47.672 25.01 0.270222287
0.035 1308.169 48.884 25.67 0.312553479
0.04 1339.315 50.091 26.327 0.354692256
0.045 1370.358 51.294 26.981 0.396638618
0.05 1401.279 52.49 27.631 0.438328428
0.055 1432.064 53.679 28.276 0.479697547
0.06 1462.696 54.86 28.917 0.520810114
0.065 1493.16 56.032 29.551 0.561473713
0.07 1523.439 57.195 30.18 0.601816621
0.075 1553.519 58.347 30.802 0.641710562
0.08 1583.382 59.487 31.416 0.681091398
0.085 1613.014 60.616 32.023 0.720023266
0.09 1642.398 61.732 32.622 0.75844203
0.095 1671.52 62.834 33.212 0.796283549
0.1 1700.366 63.922 33.793 0.833547826
0.105 1728.923 64.995 34.365 0.870234858
0.11 1757.179 66.052 34.926 0.906216371
0.115 1785.124 67.094 35.477 0.941556502
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% SerialTestDIg.h : o4 Tt

#pragma once
#include "afxwin.h"
#include "Mycomm.h"
#include "IOcontrol.h"
#include "OScopeCtrl.h"

// CSerialTestDlg CHat AR
class CSerialTestDIg : public CDialogEx

/] eI

public:
CSerialTestDIg(CWnd* pParent = NULL); // BE MAXLICH
// Thsh A X+ GIolE LICh.
#ifdef AFX_DESIGN_TIME
enum { IDD = IDD_SERIALTEST_DIALOG }:
#endif
protected:
virtual void DoDataExchange(CDataExchange* pDX); // DDX/DDV XI-&LIC}H
/] S LLICH

protected:
HICON m_hlcon;
/] MEE HAIKX & &=
virtual BOOL OnlnitDialog():
afx_msg void OnSysCommand(UINT nID, LPARAM IParam);
afx_msg void OnPaint():
afx_msg HCURSOR OnQueryDraglcon():
DECLARE_MESSAGE_MAP()
public:
CMycomm=* m_comm;
BOOL comport_state;
ClOcontrol ciocondlg;

LRESULT OnThreadClosed(WPARAM length, LPARAM Ipara);
LRESULT OnReceive(WPARAM length, LPARAM Ipara);

COScopeCtrl *m_prtGraph_LO;
COScopeCtrl *m_prtGraph_L1;
COScopeCtrl *m_prtGraph_L2;
COScopeCtrl *m_prtGraph_ADO;
COScopeCtrl *m_prtGraph_AD1;
COScopeCtrl *m_prtGraph_AD2;
CComboBox m_cComPort;
CString m_strComPort;
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CComboBox m_cBuadRate;

CString m_str_BuadRate;

CEdit m_cedit_rec;

//CFont m_font:

HBITMAP m_hBitmap; // Dialog0ll BHiZ0I0IXl &
BITMAP m_bBit; // bitmapOI0IXl EEZE= =
unsigned char m_nid;

unsigned char m_ncmd;

unsigned int m_ndata;

unsigned char m_conlD:

BYTE *m_getData;

int m_nparsing_state;

int m_nparsing_datacount;

int m_nparsing_timer.

int m_nparsing_timer_state:

bool m_bSystem_state;

int m_bSystem_count;

afx_msg void OnClickedButtonConnect();
afx_msg void OnBnClickedButtonDebug();
afx_msg void OnTimer(UINT_PTR nIDEvent);
afx_msg void OnBnClickedButtonStart();

int OnCmdParsing(unsigned char chs);

void ReceiveDataUpdate();

void ButtonDisable(bool b);

void InitGraph(void);

int OnSendGetData(BYTE id, BYTE cmd, BYTE data);

=l

ol
o
e
P

UI_:|T¢

s

// SerialTestDlg.cpp :
#include "stdafx.h"
#include "SerialTest.h"
#include "SerialTestDIg.h"
#include "afxdialogex.h"

#ifdef _DEBUG
#define new DEBUG_NEW

#endif

#define CMD_START 0

#define CMD_ERROR 1

#define CMD_WAIT 2

#define CMD COMPLETE 3
/l 1,2, 3,

#define DATA LENGTH 4

-8 MY

//0xAA, 1D, CMD, datal, data?

#define
#define
#define
#define

SYSTEM_TIMER_ID
SYSTEM_TIMER_TICK
PARSING_TIMER_ID
PARSING_TIMER_TICK

100
50
200
100

//1D_DO /ID_DI /ID_LO /ID_L1

//ID_L2 /ID_L3 /ID_ADO/ID_AD1
//ID_AD2/ID_AD3/ID_TO /ID_T1

//\D_T2 /ID_T3 /ID_DAO/ID_DAT1

const BYTE cmd_getadd[6] = { 0x30, 0x31,
#define ID_DI 0
#define 1D_LO
#define ID_L1
#define ID_L2
#define ID_L3
#define ID_ADO
#define 1D_AD1
#define ID_AD2
#define ID_AD3
#define ID_TO
#define 1D_T1
#define ID_T2
#define ID_T3
#define ID_DO 13
#define I1D_DAO 1
#define ID_DA1 1

/&8 T8 20 AE%= CAboutDlg CHaH A Xt LICEH
({:Iass CAboutDIlg : public CDialogEx

0x32, 0x34, 0x35, 0x36};

——=—=OONOOIR~wWNO—

O~ N—O

public:
CAboutDIg();
// CHat AL XF CIOIE &ILICH
#ifdef AFX_DESIGN_TIME
enum { IDD = IDD_ABOUTBOX };
#endif
protected:
virtual void DoDataExchange(CDataExchangex pDX);
/] S YLICH

protected:
DECLARE_MESSAGE_MAP()

// DDX/DDV X LICt.

public:

s
{CAboutDIgZZCAboutDIg() :
}

afx_msg void OnTimer(UINT_PTR nIDEvent);

CDialogEx(IDD_ABOUTBOX)
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\foid CAboutDlg::DoDataExchange(CDataExchange* pDX)

) CDialogEx::DoDataExchange(pDX);

BEGIN_MESSAGE_MAP(CAboutDIg, CDialogEx)
END_MESSAGE_MAP()

// CSerialTestDlg CHat &K}
CSerlaITestDIg :CSerialTestDIg(CWnd* pParent /*=NULL*/)
. CDialogEx(IDD_SERIALTEST_DIALOG, pParent)
, m_strComPort(_T("")
, m_str_BuadRate(_T(""))
, m_nparsing_state(CMD_WAIT)
, m_nparsing_datacount(0)
, m_nid(0)
, m_ndata(0)
, m_nparsing_timer(0)
, m_nparsing_timer_state(0)
, m_ncmd(0)
, m_bSystem_state(false)

m_hlcon = AfxGetApp()—>Loadlcon(IDR_MAINFRAME);
) m_getData = new BYTE[DATA_LENGTH];

\JfOid CSerialTestDlg::DoDataExchange(CDataExchangex pDX)

CDialogEx::DoDataExchange(pDX):

DDX_Control(pDX, IDC_COMBO_COM, m_cComPort);

DDX_CBString(pDX, IDC_COMBO_COM, m_strComPort);

DDX_Control(pDX, IDC_COMBO_BUAD_RATE, m_cBuadRate);

DDX_CBString(pDX, IDC_COMBO_BUAD_RATE, m_str_BuadRate):
) DDX_Control(pDX, IDC_EDIT_DEBUG_REC, m_cedit_rec);

BEGIN_MESSAGE_MAP(CSerialTestDlg, CDialogEx)
ON_WM_SYSCOMMAND()
ON_WM_PAINT()
ON_WM_QUERYDRAGICON()
ON_MESSAGE(WM_MYCLOSE, &CSerialTestDIg::OnThreadClosed)
ON_MESSAGE(WM_COMM_READ, &CSerialTestDIg::OnReceive)
ON_BN_CLICKED(IDC_BUTTON_CONNECT, &CSerialTestDIg::OnClickedButtonConnect)
ON_BN_CLICKED(IDC_BUTTON_DEBUG, &CSerialTestDIg::0OnBnClickedButtonDebug)
ON_WM_TIMER()
ON_BN_CLICKED(IDC_BUTTON_START, &CSerialTestDIg::OnBnClickedButtonStart)
ON_WM_ERASEBKGND()

END_MESSAGE_MAP()

// CSerialTestDIg OlAIXI X2l2|

?OOL CSerialTestDIg::OnlnitDialog()

CDialogEx::OnlinitDialog(); o

[ AAE B0 "2 B FILEILICH.

// IDM_ABOUTBOX= A[AE! 243 ‘é.*OIOH QUO0{0F &HLICEH
ASSERT((IDM_ABOUTBOX & OxFFFQ) == IDM_ABOUTBOX);
ASSERT(IDM_ABOUTBOX < 0xF000);

CMenu* pSysMenu = GetSystemMenu(FALSE);

i{f (pSysMenu 1= NULL)

BOOL bNameValid;

CString strAboutMenu;

bNameValid = strAboutMenu.LoadString(IDS_ABOUTBOX);
ASSERT(bNameValid);

if (IstrAboutMenu.IsEmpty())

0&"
m\o
it

pSysMenu->AppendMenu(MF_SEPARATOR);
pSysMenu->AppendMenu(MF_STRING, IDM_ABOUTBOX, strAboutMenu);

}
// Ol Chst QIPQJ o022 A& ELICH
/S8 T2 8ol = &H0| Uish &Kt ot g0l
/[ ZHLAIt OI MAS =02 =sHEHLICH.
Setlcon(m_hlcon, TRUE); // 2 oto|2S &AAELICH
Setlcon(m_hlcon, FALSE); /] ;%*8 orol2e &HELICH

// TODO: GIJ10l It XJI5F &2 FIHELIC

/] 2lAA0 F=IHE bitmap WY 2

m_hBitmap = LoadBitmap(AfxGetApp()->m hlnstance, MAKEINTRESOURCE(IDB_BITMAP2));

// BIEW WA HEY IHE F2EHCH (OI0IXI AFOIE 2 D|R15H)

GetObject(m_hBitmap, sizeof(BITl\/IAP) &m_bBit);

// Dialog FIXIZ 3J| ¥F ( full screen ot=J| Aa )

SetWindowPos(NULL, O O, m_bBit.omWidth, m_bBit.omHeight, SWP_NOZORDER);

//////////////////////////////////////////////////////////////////////

m_cComPort.AddString(_T("COM1"));

m_cComPort.AddString(_ T(”COMZ") ;

m_cComPort.AddString(_T("COM3"));

m_cComPort. AddStnngE COM4"%§:
C )

m_cComPort.AddString 'COM5"));
m_cComPort.AddString(_T("COM6"));

~e———

T
T
T
T
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m_cComPort.AddString(_T("COM7"));
m_cComPort. AddStrmg( T("COM8"));
m_cComPort.AddString(_T("COM9"));
m_cBuadRate.AddString(_T("9600"));
m_cBuadRate.AddString(_T("14400"));
m_cBuadRate.AddString(_T("19200"))
m_cBuadRate.AddString(_T("38400"))
m_cBuadRate.AddString(_T("56000"))

m_cBuadRate.AddString(_T("115200"));

comport_state = false;

ButtonDisable(false);

GetDIgltem(IDC_BUTTON _CONNECT)->SetWindowText( _T("HzE");
m_strComPort = _T("COM1");

m_str_BuadRate = "9600");

SetTimer(SYSTEM_TIMER_ID, SYSTEM _TIMER_TICK, 0);

InitGraph():

UpdateData(FALSE); B
) return TRUE;, // ZHAE HEES0 HFotX £2MH TRUES BHEHEHLICH
\{/oid CSerialTestDIg::InitGraph(void)

CRect rtGrap
/////////////////////////////////////////////////////////////////////////////
GetDlgltem(IDC_GRAPH_LO0)—>GetWindowRect(rtGraph);
ScreenToClient(rtGraph):
m_prtGraph_LO = new COScopeCtrl(1);
m_prtGraph_LO0—>Create(WS_VISIBLE | WS_CHILD, rtGraph, this, IDC_GRAPH_LO);
m_prtGraph_L0—>SetRanges(0., 5.);
m_prtGraph_LO—>autofitYscale = true;
m_prtGraph_LO0->SetYUnits(_T("Value"));
m_prtGraph_L0—>SetXUnits(_T("Time")):
m_prtGraph_LO0—>SetlLegendlLabel(_T("L0"), 0):
m prtGraph LO->SetPlotColor(RGB(255, 0, 0), 0);
aph_LO->InvalidateCtrl();
/////////////////////////////////////////////////////////////////////////////
GetDlgltem(IDC_GRAPH_L1)->GetWindowRect(rtGraph):
ScreenToCIlent(rtGraph)
m_prtGraph_L1 = new COScopeCtrl(1)
m_prtGraph_L1->Create(WS_VISIBLE | WS CHILD, rtGraph, this, IDC_GRAPH_L1);
m_prtGraph_L1->SetRanges(0., 5.);
m_prtGraph_L1->autofitYscale = true;
m_prtGraph_L1->SetYUnits(_T("Value"));
m_prtGraph_L1->SetXUnits(_T("Time"));
m_prtGraph_L1->SetLegendLabel(_T("L1"), 0);
m _prtGraph_L1 >SetPIotCoIor(RGB(255 0, 0), 0):
prtGraph_L1->InvalidateCtrl();
/////////////////////////////////////////////////////////////////////////////
GetDlgltem(IDC_GRAPH_L2)->GetWindowRect(rtGraph);
ScreenToClient(rtGraph);
m_prtGraph_L2 = new COScopeCtrl(1);
m_prtGraph_L2—->Create(WS_VISIBLE | WS_CHILD, rtGraph, this, IDC_GRAPH_L2);
m_prtGraph_L2—->SetRanges(0., 5.);
m_prtGraph_L2—>autofitYscale = true;
m_prtGraph_L2->SetYUnits(_T("Value"));
m_prtGraph_L2—->SetXUnits(_T("Time"));
m_prtGraph_L2->SetlLegendlLabel(_T("L2"), 0):
m _prtGraph_L2->SetPlotColor(RGB(255, 0, 0), 0);
prtGraph_L2—->InvalidateCtrl();
/////////////////////////////////////////////////////////////////////////////
GetDIgltem(IDC_GRAPH_ADO)->GetWindowRect(rtGraph);
ScreenToClient(rtGraph);
m_prtGraph_ADO = new COScopeCtrl(1);
m_prtGraph_ADO->Create(WS_VISIBLE | WS_CHILD, rtGraph, this, IDC_GRAPH_ADO);
m_prtGraph_ADO->SetRanges(0., 5.);
m_prtGraph_ADO->autofitYscale = true;
m_prtGraph_ADO->SetYUnits(_T("Value"));
m_prtGraph_ADO->SetXUnits(_T("Time"));
m_prtGraph_ADO->SetLegendlabel(_T("AD0Q"), 0);
m prtGraph ADO->SetPlotColor(RGB(255, 0, 0), 0);
Graph_ADO->InvalidateCtrl();
/////////////////////////////////////////////////////////////////////////////
GetDlgltem(IDC_GRAPH_AD1)->GetWindowRect(rtGraph);
ScreenToClient(rtGraph);
m_prtGraph_AD1 = new COScopeCitrl(1);
m_prtGraph_AD1->Create(WS_VISIBLE | WS_CHILD, rtGraph, this, IDC_GRAPH_AD1);
m_prtGraph_AD1->SetRanges(0., 5.);
m_prtGraph_AD1->autofitYscale = true;
m_prtGraph_AD1->SetYUnits(_T("Value"));
m_prtGraph_AD1->SetXUnits(_T("Time"));
m_prtGraph_AD1->SetlLegendlLabel(_T("AD1"), 0);
m _prtGraph_AD1->SetPlotColor(RGB(255, 0, 0), 0);
prtGraph_AD1->InvalidateCtrl();
/////////////////////////////////////////////////////////////////////////////
GetDlgltem(IDC_GRAPH_AD2)->GetWindowRect(rtGraph);
ScreenToClient(rtGraph);
m_prtGraph_AD2 = new COScopeCtrl(1);
m_prtGraph_AD2->Create(WS_VISIBLE | WS_CHILD, rtGraph, this, IDC_GRAPH_AD?2);
m_prtGraph_AD2->SetRanges(0., 5.);
m_prtGraph_AD2->autofitYscale = true;
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m_prtGraph_AD2->SetYUnits(_T("Value"));
m_prtGraph_AD2->SetXUnits(_T("Time"));
m_prtGraph_AD2->SetLegendLabel(_T("AD2"), 0);
m_prtGraph_AD2->SetPlotColor(RGB(255, 0, 0), 0);
m_prtGraph_AD2->InvalidateCtrl();

\{/oid CSerialTestDIg::0OnSysCommand(UINT nID, LPARAM IParam)
f ((nID & 0xFFFO) == IDM_ABOUTBOX)

CAboutDlg dlgAbout;
dlgAbout.DoModal();

else
CDialogEx::OnSysCommand(nID, IParam);
}
void CSerialTestDlg::OnPaint()
{ //if (Islconic())
/N

CPaintDC dc(this); // J2IJ1E S8t CIHI0IA A AEQL|CY
CBitmap bmp;

CBitmap *old_bmp:

CDC memDCGC;

SendMessage(WM_ICONERASEBKGND, reinterpret_cast<WPARAM>(dc.GetSafeHdc()), 0);

/| 2C0IAHE AFLEU A Ot0I22 JF24I0 XSLICH
int cxlcon = GetSystemMetrics(SM_CXICON);

int cylcon = GetSystemMetrics(SM_CYICON);

CRect rect;

GetClientRect(&rect);

int x = (rect.Width() — cxlcon + 1) / 2;

int y = (rect.Height() — cylcon + 1) / 2;

// orol22 O™ LI EP

dc. Drawlcon( on):

///////////////////////////////////////////////////////
memDC.CreateCompatibleDC(&dc);

bmp.LoadBitmap(IDB_BITMAP2);

old_bmp = memDC.SelectObject(&bmp);

dc.BitBIt(0, 0, m_bBit.omWidth, m_bBit.omHeight, &memDC, 0, 0, SRCCOPY):
memDC.SelectObject(old_bmp);

bmp.DeleteObject();

memDC.DeleteDC();

CDialogEx::OnPaint();

|A3ME B2 D= Sl HMIF ZAIEEE AIAE0A
=1 Ct.
Dg :OnQueryDraglcon()
) return static_cast<HCURSOR>(m_hlcon);
I{_RESULT CSerialTestDIg::OnThreadClosed(WPARAM length, LPARAM Ipara)
//overlapped i/o SHE=2&=Ct.
(CMycomm*)Ipara) >Ha dIeCIose()
delete ((CMycomms)lpara
return 0;

}
I{_RESULT CSerialTestDIg::OnReceive(WPARAM length, LPARAM Ipara)

UpdateData(TRUE);//&t= CIOIE EIE 2| <IdH
CString str = _T("");

CString result; _

BYTE aByte; //HIOIE1% MNEE B

char ret;

ret = 100;

int iSize = (m_comm->m QueueRead) ze(); //ZEZ SO OO0 M=
Eor (int i = 0; i < iSize; i++)//E0{& 2 5 HIOIH% 10 2 S0 2HE

(m_comm->m_QueueRead).GetByte(&aByte)://F0IA HIOIE SHHE AHOS
/////////////////Command Parsing/////11111111111111111111111111111111111111111

ret = OnCmdParsing(aByte);

i{f (ret == CMD_COMPLETE)

m_nid = m_getData[0];
m_ncmd = m_getData[1];
m_ndata = ((int)(m_getData[2]) << 8) + (int)(m_getData[3]):

-182-




str.Format(_T("id=%d cmd=0x%x data=%d"), m_nid, m_ncmd, m_ndata);
SetDlgltemText(IDC_EDIT_DEBUG_REC, str);

str ="

ReceiveDataUpdate();

}
1111111111
) return 1;
}/oid CSerialTestDlg::ReceiveDataUpdate()

CString str;
double V_data;
switch (m_ncmd)

case 0x30:
str.Format(_T("%d"), m_ndata);
SetDlgltemText(IDC_EDIT_LO, str):
V_data = (double)(m_ndata) * 5 / 256;
m_prtGraph_LO->AppendPoints(&V_data);
break;

case 0x31:
str.Format(_T("%d"), m_ndata);
SetDlgltemText(IDC_EDIT_L1, str);
V_data = (double)(m_ndata) » 5 / 256;
m_prtGraph_L1->AppendPoints(&V_data);
break;

case 0x32:
str.Format(_T("%d"), m_ndata);
SetDlgltemText(IDC_EDIT_L2, str);
V_data = (double)(m_ndata) * 5 / 256;
m_prtGraph_L2->AppendPoints(&V_data);

break;
11T

case 0x34:
str.Format(_T("%d"), m_ndata);
SetDlIgltemText(IDC_EDIT_ADO, str);
V_data = (double)(m_ndata) » 5 / 256;
m_prtGraph_ADO->AppendPoints(&V_data);
break;

case 0x35:
str.Format(_T("%d"), m_ndata);
SetDlgltemText(IDC_EDIT_ADT, str);
V_data = (double)(m_ndata) * 5 / 256;
m_prtGraph_AD1->AppendPoints(&V_data);
break;

case 0x36:
str.Format(_T("%d"), m_ndata);
SetDlgltemText(IDC_EDIT_AD2, str);
V_data = (double)(m_ndata) * 5 / 256;
m_prtGraph_AD2->AppendPoints(&V_data);

break;
/////////////{///////////////////////////////////

}
}/oid CSerialTestDlg::OnClickedButtonConnect()

// TODO: G210l HEZS 22 X2lJl RES FIIELICH
UpdateData(TRUE);
if (comport_state)
E{f (m_comm) J/BEEIETHEHH
m_comm->Close();
m_comm = NULL; ~
AfxMessageBox(_T("COM EEEE"));
comport_state = false;
GetDIgltem(IDC_BUTTON_CONNECT)->SetWindowText(_T("&H&"));
) ButtonDisable(false):
else
{

m_comm = new CMycomm(_T("WWWW.Ww') + m_strComPort, m_str_BuadRate,
Bit"), _T("1 Bit"): // initial Comm port

if (m_comm->Create(GetSafeHwnd()) != 0) //SAZESZ NAZL9)
AfxMessageBox(_T("COM EZEZE"));

comport_state = true;
GetDIgltem(IDC_BUTTON_CONNECT)->SetWindowText(_T("ZI1")):

2Lk

2

==
==

0%

ButtonDisable(true);
else

AfxMessageBox(_T('"ERROR!"));

T("None"),

_T("8
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'l{nt CSerialTestDlg::OnCmdParsing(unsigned char ch)

CString str;
E[ (m_nparsing_state == CMD_WAIT)
i{f (ch == 0xAA)
m_nparsing_state = CMD_START;
m_nparsing_datacount = 0;
m_nparsing_timer = 0;
m_nparsing_timer_state = 1;
) return CMD_START;

}
?Ise if (m_nparsing_state == CMD_START)

m_getData[m_nparsing_datacount] = ch;
m_nparsing_datacount++;

if (m_nparsing_datacount == DATA_LENGTH)

{
m_nparsing_timer = 0;
m_nparsing_timer_state = 0;
m_nparsing_datacount = 0;
m_nparsing_state = CMD_WAIT;
) return CMD_COMPLETE;
}
i{f (m_nparsing_timer)

m_nparsing_timer = 0;
m_nparsing_timer_state = 0;
return CMD_ERROR;

}
) return CMD_WAIT;

\{/oid CSerialTestDlg::OnBnClickedButtonDebug()

// TODO: o210 HEE L Ml DEE FILELIC
unsigned char send_data[5];

int id, data;

CString str_id,str_data,str;

int num;
GetDlgltem(IDC_EDIT_DEBUG_SEND_ID)->GetWindowText(str_id);
GetDIgltem(IDC_EDIT_DEBUG_SEND)->GetWindowText(str_data);
send_data[0] = Oxaa;

send_data[1] = 0x01;

id = _ttoi(str_id);

data = _ttoi(str_data);

send_data[2] = id;

send_data[3] = data;

send_data[4] = 'W0';

str.Format(_T("%s"), send_data);

num = str.GetLength();

//m_comm->Send(str, num);

}
\foid CSerialTestDIg::OnTimer(UINT_PTR nIDEvent)

// TODO: G210l BIAIXI HM2IDl REE = /£ J|2E SEELICH
switch (nIDEvent)

case PARSING_TIMER_ID:

if(m_nparsing_timer_state==1)

m_nparsing_timer++;

}

break;
case SYSTEM_TIMER_ID:
i{f (m_bSystem_state == TRUE)

OnSendGetData(m_conlD,cmd_getadd[m_bSystem_count],
(m_bSystem_countsrand()) % 255);
m_bSystem_count++;
) m_bSystem_count %= 6;
?Ise if (m_bSystem_state == FALSE)
m_bSystem_count = 0;
) break;
! CDialogEx::OnTimer(nIDEvent);
i{nt CSerialTestDIg::OnSendGetData(BYTE id, BYTE cmd, BYTE data)

BYTE send_data[6];
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CString str_id

_id, str_data, str;
send_data[0] = (BYTE)Oxaa;
send_data[1] = (BYTE)(id); //ID
send_data[2] =

//send_data[3] = (BYTE)(Oxff & (data >> 8)); /
send_data[3] = (BYTE)(Oxff & data); //AtS0HE
send_datal4] = 'WO0";
m_comm->WriteComm(send_data, 4);

return 0;

(
(
_(BYTE)(cmd); //cmd
(

}
\{/oid CSerialTestDlg::ButtonDisable(bool b)

GetDIgltem(IDC_BUTTON_START)->EnableWindow(b);
) GetDIgltem(IDC_BUTTON_DEBUG)->EnableWindow(b);

void CSerialTestDIg::OnBnClickedButtonStart()

// TODO: GiD10 HAEE ¢& XelJ)l ZEE FIIELICH
i{f (m_bSystem_state == FALSE)

SetTimer(SYSTEM_TIMER_ID, SYSTEM_TIMER_TICK, 0);
GetDIgltem(IDC_BUTTON_START)->SetWindowText(_T("&XI"));
m_bSystem_state = TRUE;
GetDIgltem(IDC_BUTTON_CONNECT)->EnableWindow(false);

}
else if (m_bSystem_state == TRUE)

KillTimer(SYSTEM_TIMER_ID);
GetDIgltem(IDC_BUTTON_START)->SetWindowText(_T(" Al ="));
GetDIgltem(IDC_BUTTON_CONNECT)->EnableWindow(true);
m_bSystem_state = FALSE;

(2P o] FeZAAA 9 ZAH 54 14

Medel Information

importedi

Mass:626.766 Ib
Volume:2210.04 in*3
Sotid Body Density:0.283599 Ib/in"3
Weight:626.341 Iof

Material Properties

Model Reference

Praperties

Components

Mode! name: Pt

Name:  ASTA A36 Steel
Model type:  Linear Eastic katropic
Default failure  Ma von Mises Stress
criterion:
Yield strength: 2564008 H/m’2
Tensile strength: 42008 11/m'2

‘Current Confi ition: Default
Solid Bodies
“”“:‘:;’;;'m’ get I Treated As I Volumetric Properties I D“‘"m’::;;“m’pme
= =4
D = & 271 A A =73
Loads and Fixtures Mesh Information
Fisture name Fixture [mage Fixture Details Mesh type Solid Mesh
s b e e SRR
Type: Fited Geametry Automatic Transition: Off
Include Mesh Auto Loaps: off
Fived-{ Jacobian points 4Points
Element Size 432113 em
Tolerance 071605 cm
Mesh Quality High
Load name Load Image Load Details Mesh Information - Details
= Total Nodes W38
Entities: 3 face(s)
Type:  Anply nomal farce Total Elements 16760
Value: 10665 1 Maximum Aspect Ratio 7416
% of elements with Aspect Ratio < 3 46
o Svof clements with spect Raio » 10 )
% of distorted elements(Jacobian) 00179
/ Time to complete mesh(hh;mm;ss): 00:00:06
Computer name:
A~ 2
IdTH=A 4| H 7 B
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Study Results

Name [ Type [ Min Hax
B reton Stress VOH: von Mises Stress 0.17615 W/mm"2 (MPa) | 1081.63 H/mm"Z (MPa)
HNode: 15698 Hode: 28397

P1-SimulationXpress Study-Stress-Stress 1

Type T Min TWax |
URES: Resultant Displacement 0 mm 45.0318 mm
lode: 97 Node: 623

Name
Displacement

1
I
5l A A4 63471 : 739 vl

F-SimulstiontaressStudy-Dislacement-Dislacement | Pi-Simultiontpres Sudy Tiplacament-Deformaticn |
Hame [Tpe | Name [Ty Win [ax | )
Cefcrmation | Deformed Shape. | Factor of Safety. W von Wises Stress 13113 o2 P1-Smulatior¥press Stud-Factar of Saety-Factor of Safety. |
Vnde: 28357 Hoce: 15438

N A3H2) - HE
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O ¥% 3 @FAADTY)
b IAEE SauY 2 A
1) BAg] AAY AS AR

b 532AA7] At EES g A8 AlA
B Load cell AL 93 AAH Ak
EdAA7] FAEAEFY AlPckE =

F

P=T-w=70LkW

rew =09 x e = 3.33 m/sec i Fiane 3
3.33
0.9
i Frapr

F = 20998 kN

w

= 3.7 rad/sec

18.9 kN - m.

A<
=S5

<IHE1D> EfH &Y

| Telm 2k 3vH = oo R ote o

r
6999.33 N

gl Elolo] FHHA
P=TXuw
v=1rXuw
T= FXr
oA7|A, P = &2859, kW
T = 4, KkN.m
w = Zt4& %, rad/sec
v = £%, km/h
r = Eolo] exH4, m
F = A4, N
<E1.1> EYE Ag Ak
A g Powertrain &€ : 100% 7}78 Powertrain &€ : 90% 714
° EdFHE : 100% 7H4 EdFXY : 85% 713
A28%F9, kW 70 kW 53.55 kW
&%, km/h 12 km/h 12 km/h
etolo] FuH7, m 0.9 m 0.9 m
ET w 3.7 rad/sec 3.7 rad/sec
EA, T 18.9 kN.m 14.46 kN.m
o) A4, N 20,998 N 16,065 N
EAE Y o A" F 20,998 N o= ZAle wako] AX== 371 Load celle] wF
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7} 85 o 7,000 No2 A4H AT i, Aol MAHA g #F HF 5L
cell 24 &€ 19600 N o2 443,
Be9l7] AAE FHE 6RA A

GdAA71e] Fst F8E T Load cells AAT 5 = 628A AAATE A
s

& g

Aotk 6EH9A AAA T EE 9 HHEGT] Abolol AAHo A HlE ZFA &
7ol dele Fokse A5 o2 Y] wEdd AE T dEHA REF FET A=
E FET g A= AAse Zo] asit & dTdAe FxIMHE sFst 689
Al AAA 2ol i AAZEE ASSAT

Zt A4 gEd w2t EE} 62HAV AAHE FE< Front, 628 A9 HFAY7]
7 dAE = FEe Rearz TESIAT. JNEE S TIe EYES] 39 = AAq
S 1Este] CAT.I, CAT.II s%to] 7[53lt=E AASHE, A1 AEE SS400= A}
&3t

a912e EYE AAdY A4S AT 628A Al A=t

=2

= ]
‘t“'

IDIN]

“ * NS
|

o s

fes

L
=1
=¥
& &
156 GIHET]

(b) 624 Rear
<1812 6584 AA =dH
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QO Load cell 8%t 2]%]

327} = (N/mm?) A E&(%)

: 16t =3 B AR —
A =5 32 =3
16t ©]3 N/mm?* 5t o]

1t A0t o)3 (N/mm?) 1t 16t o3
SS400 245 235 400 ~ 510 21 o] 17 o]

@ Fx AAs T AA AF

6= Ale] Front-Rear 2790 ZAgle 9 P AA AL S Fsr] st +=x
A ZZIH(ANSYS v.17.0= &8st AA AFe AAEAT. FxRIAxAL 44
AQY & 7]F2 2 Powertrain E% 2 EokFAH S 7hetste] ZF 90%, 85%= 71 sl
AL A5 A&t EFEH 2 HEFAA7 A2EE FE&Fix], Fix2, Fixd)<
Fixed constraint E.%o}%i&ﬂ%, 2 Ao AE= HEF]L F2, F3)o Axial Force 4,000
N, 5000 N, 5,000 N& d=€stHar Id1.49 2o

TZaHe) a3 24+ Solid 84(Quad mesh)E Algste] AA mddlE FASHL
™, Load cell ¥ EIH/EF7] A2 F2lol= fine meshE A 83+ mesh sizeE A3}

Aot P AR ZRE Fl, F2, F3 F&o A 2] deformation ¥ equivalent stress Al4H2
H}E FEIATH
iFixl
Tk
7 A
e
F2 4 Fix2

<Z1¥1.4> Force 9@ Fixed £ E (Z:Front, -$:Rear)
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O EEE]

6EHA 7= A A:}E B3l Fronte} Reare] HoF Fio dig dolHE FE3th
7d

40 23000 500,00 rrem)
29 7500

<191.5> Mesh =4 (#:Front, -$:Rear)

A Ay= 1916, 1817, #1.3% Zo] Yeiwtt A3 HAdgE
191.54 MPa©]al Rear®] 7% 186.77 MpaZX AAje] B} o]tz A4tE AT

<13 628A AXAL Fx4 A3

Fronte] 73-¢-,

Front Rear

Max. Equivalent stress Max. Equivalent stress
(MP2) 191.54 (MPa) 186.77
Max. Deformation (mm) 0.20809 Max. Deformation (mm) 0.08864

A

(a) Equivalent stress (MPa)

(b) Deformation (mm)

<1Y1.6> 6284 Front A1 Fx8)4 A3}

—
100

A

(a) Equivalent stress (MPa)

(b) Deformation (mm)

<YL 628 A Rear A1 F-x8)4 Az
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n ASE AA wA
@ Load cell A

Load celle A7 93k AldAH= 18183 Zo] ¥sA=s

e
N,
~
o
H
S
=
o
8
@
=
—
o
)
—
o
wn
%28

Al
system, MTSADE &&3l3th Load celle] 4 - 3HE-E Al 7]l l'?—Z}% TA ;(]j_oﬂ Sl
1o

s, 44 3% &
NEE 24U & APel Y APPlel o 4

Q1 19,600 N71A QA 9 Ql=sl=
|

<ELAD AP An] 74

M | o

;L

Ao

stz <17} A - Type Hydraulic

- Model : MTS 810 Material Test System
- Maximun force 25 kN

- Maximum testing range 150 mm
- Standards DIN and ISO

tlolg AS A

- Model : HBM MGC plus

- accuracy class : 0.0025, 225 Hz or 600 Hz
carrier-frequency modules

- measurements : DC amplifier offering 100 kHz
- sampling rates : parallel sampling using three
channel-independent sampling rates

@ ANg4d=
%155 6719

Load celle] thsle] <A 2 =515 QA7pdste] tisk & A LH]

mV/V)E Yetiloen, 218195 7t Load celldl tigt 35 of E4€xUvE Yepd O
erolct. of AseRE Y R AEHHFol B FHALYGS WFYL FANT UL
& % % 9o, BE Load cellol tiste] Hujstzol vg EFadakol fAH Aot

Hes As &

"J%}%E‘r.
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<{3%1.5> Load cell calibration 4%}

Rated output, mV/V
Load cell Number(S/N) Force, kN D _
QA 4=
Load cell 1(714) 3.06 -3.07
Load cell 2(717) 3.05 -3.06
Load cell 3(736) 196 3.05 -3.06
Load cell 4(743) ' 3.05 -3.06
Load cell 5(751) 3.05 -3.06
Load cell 6(684) 3.05 -3.06
Loadecell - 1 Loadcell - 2
g
§ E
,E,-;iu % % 5 i 15 o st gzo 15 20 ) g 0 5 o —loadid2
fgrce, kN FoRERN
Loadcell -3 Loadcell - 4
: 3
/
Loadcell - 5 Loadcell - 6
: s
:.é-;o 45 a1 5 w 15 x —Fore gzo a5 0 5 0 M o —foms b
F-gme, kN F-;rce,kN
<1¥1.9> Load cell calibration A3}
@ AL
EIEH Fo o TAEHE AJdEH SAS A8 ¢ 68854 Al 2198 11037 2ol
EUE & zoqs 247 S meAdxd 610 2edw Ao Hr mAe
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o] 3N REA@, B, © AJYE SAH37] 93 Aola, ¥F FHEE e 2
o REA@D, @) EHES 54247 Abold 43 ¥ (Horizontal side force)o]ut 42
Holl mizksty 7hg ofgfo] 2 sith. A oR & of 224

BstA He Aot EE ¥

ZJEE T8 4 ==l =

<191.10> 658 A Load cell & 2 9%

ugately)e] Eekutelo] A48% w §EA 2 2odd 2 e ¥ 19 L1
J 9

Zom of7]x
Ph : 7<= (DRAFT FORCE) Kg
Pv : 428 (VERTICAL FORCE) Kg
Ps : <3 ¥ (HORIZONTAL SIDE FORCE) Kg
Fa : ZZA @9 2&st= 3§ Kg
Fb : Z2=4 o &3t 3§ Kg
Fc : 2=4 ©° zZgste 3 Kg
Fd : Z2=4A @9 #&3t= 3 Kg
Fe : =24 (@9 2&3t= 3 Kg
Ff : Z2z=4 9 #&st= 3 Kg
0 @ @ OR=Ao] 7|&03 4= ° (degree)
Mh : EZE 1guge 202 3= muE Kgm
Mv FAYES FO0 2 = RUE Kg:m
Ms : FHYIFS FO2 3= EHE Kgm
I : Mh =¥lE o] Ao m
Mv ZHE Z9o] Ao m
Ms =dE ZHo] o] m
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<I¥1.11> Load-cell 3= 7]1=&
o714 E™E 23ek S(DRAFT FORCE)¢] & (o)t}
Ph—Fa—Fb—Fc=0
Ph = Fa + Fb+ Fe
wr A E(VERTICAL FORCE)9] % (o]t}
Pv— Fd - SINO— Ff - SIN) = 0 2)
Pv= Fd - SIN + Ff - SINY
vlz7 A 2 43 = (HORIZONTAL FORCE)9] 3= 0o]t}

(1

Ps—Fil- COS9+ Ef - COD+ Fe=0
Ps=Fi- COSH— Ff - COH — Fe

(3)

d d Fe
FEA AFc ~ b
0 )
My 0¥ \\\ss
Fb+F Ms{/ €
(a) Tractor progress direction (b) Axial moment (c) Horizontal direction
moment moment

<I¥112> ZEHE A4b

~194-



7]l M H 05 FACZT EdE AP mdl

flo

Eo @

0ot}

V(P +Ps”) - 1+ Fd - SINY - a+ Fd - COSH - ¢— Ff - SIN0— Ff - COS9 - ¢ =0

) (Ef—Rl) < (a - SINg+c - COR)

4)
®)

(Ps*+ Pv”)
Mh=1-/(P<+Pr)
T A 05 FAES FAE BRES] &2 0otk
(Ph"+Ps”) -m+(Fo—Fec)-d=0
_ (Fo—rE)-d
v (PR*+ Ps”)
My =m - /(PR + Ps)
A2 A 08 SAHCER} FHWEY EHES & 0otk
(Ph°+Pv°) *n—Fa-b+(Fb+Fc)-e=0

n— Fo-b—(Fb+Ft) - e

V (PRZ+ Pu7)

Ms=mn - /(Ph"+ Pv)

< 5 628A AuA AN

EEAY HSS flete 6284 AngS FASAT AA Aol A
= A2E Hol aAgstAa T A Lo

9

AH, A E,

E Y Foo]Ef(hydraulic actuator system)
e 19 1139 Ao E3 2=
AL YA




FAAY AdeErak AlFS Actuator 12 EHE Y APy 59 Pgog 2 30
ZHE A4kE 40 kN9 st <17bstiar, LoadCell 1, 2, 6= &3t 7t 3tse A3t
o ANYE =EAT FAHYT AP Actuator 2, 302 HALEFH FFoF 7+ 9
kNS QI7Fstlew LoadCell 3, 5& &3t FA8E =3ttt =938ts AP 689
Al 3 B HEH BEHEV dele AS AEE Aow AALER RAANGoR

©
-
z

il
NS PRt AALEE Algol A= Actuator 29] 9 kN, Actuator 3ol - 9]
T< S17Fske] LoadCell 3, 4, 59 52 A3k oluf LoadCell 3 o= %ol Y
3 LoadCell 4, 5olA+ =ol TS QA AN A oA Actuator 29 -9 kN,
Actuator 3¢l 9 kN 9] s}5& <17}t LoadCell 3, 4 oA += 4=, LoadCell 5914 = <

Aol WAy stk oMol AAY RSP ANHS £EF FFALYOE AN

[
-

At dxk= 0.846

~ 9
09(‘:2
e
iin
s
to
2
o

>" ["lo
=
53
NN
14
=~
2
SN
fru
i
u}
v
(o
=)
N

<EL6> 62HA Hug AME2ad

- =54 3ol ;ﬁ A7 | ote
o 0,
1 2 3 4 5 6 (kN) N &N) | (%)
Aold
== 117.16 | 10.89 - - - 11.38 | 39.44 055 | 1.38
testl 40
Aold
S 116.89 | 11.05 - - - 11.57 | 39.52 0.47 | 1.19
test?
Z~Z217
T - - 12.21 - 9.54 - 18.84 0.84 | 4.70
testl 18
+44
- - 12.17 - 9.46 - 18.73 0.73 | 4.10
test?
Z‘]_,:_Z
zRskE - -15.10 | -14.23 | 13.28 - 9.43 0.43 | 4.83
+testl 9
‘]_:_2
oot - -15.13 | -14.27 | 13.31 - 9.48 0.48 | 5.37
+test?
‘]_:.Z
S ~ | 1542 | 1455 | -1348 - | 971 071 | 7.94
-test1 9
A - 15.18 | 14.21 | -13.16 - 9.27 0.27 | 3.10
-test2

2RTE A

23 29 AEe i A2UTE e FAsAT. o

)l ST AFAARE S o] W, EZEL

o fo of

N

= <)
291149 191155 855% ¢ Z24H FaF volEHEA 47 taz 2o A
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of &3t ste Z2adolnt.
<EL7> EYE A 5 534497 74FE sts A4 A3

EdY T4, kW 71 kKW
EdE Y @, & L3
& 7H4, % 100
H&7] Hg 28 EZ, Nm 48925.4
FH4, m 0.7875
EdH F AUdH 62127.4
7y X &l A8l sk, N 9319.12
Zy g3 2o Al s+, N 1380.61
<1481.14> t23 2 55 Z29Y <1381.15> A& 3t Z=29Y

W) g2mszs Fxa4
n U2F SRS AesE

23 2o 2&EHe 7 AE
7 721169 7H Ward sEuE £33

Now, T ALAAE F1.99 Zh

<191.16> Y23 2% 3= H)
<E1.8 g3 sz A= 35 H

S

A1 (L) 1380 N
24O 676.2 N

T2 (V) 414 N
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A o g3 299 ASEE SS400 HY ASE AMSSH L, okl F 1.99 o
Ae EH4AE 283U
<ELY A8 EAXA
Density 7,850 kg/m®
Young’s modulus 200 GPa
Poisson’s ratio 0.3

n 2d8 9 Mesh

B3V AAHE 23 2 A -3 2824 AE N & e F 1871 ¢©
23 EFE FAHAUT. FxAAS O 1179 o] 149 FAEFS HAeE =
dYstAtt gx3a 2 FAF tlgk MeshEs #18t4 Node F+ 76,5667 o] ™
Element = 411,78707} AF85 %1 o™, Tetra element type 84E ©]&3F%] meshE T

sttt

a9

AN A A A

Statics
/’ Node 76568
L Element 41178

™11 Y23 2% % 314 3D =d <191.18> tl2~3 3| =Z-2] Mesh model

vy AAxA

N
YA A He =
TAE 7o Z AW wgow 1174
Nodal forceZ 3sl5& HoJstH o

<1¥1.200 tj~Fo) Z&st= =

H}-3k

<1¥1.19> Force ¢ %
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I EEE]

Equivalent stress

QFEstFol o3 HrAN RS FHL
+go] e 2 Fixed2 1A
oA 59 MPaZ 7} =LA vebgth.

59.326 Max
52735

46144

39553

3z.961

26.37

19.779

13188

65,5960
0.0038173 Min

<1¥1.21> Equivalent stress 2}

Deformation
obzf & 1103 19 1.22& X, Y, ZFo tigh 2 U3d F Ay 2 A HIF
< Yeh e, Deformed model> 3 A - $of =& Hw3A
<EL10> 7F ek = Hygs 9 A "Wy

X-axis 0.026 mm
Y-axis 0.043 mm
Z-axis 0.386 mm
Total 2.898 mm

(a) Total deformation (b) Deformed model
<Z191.22> Deformation 23}

™ A< 7= &4

[ JR=R= 1R

Eqzrlel dAHe AEe F NE FAEH AT FEA7I
SlA T8 AZo] Aele A o1%F 9319 N& AZo] 2eiA AW

>1ﬂ %J
r1r U{M
rg &
2 o
ol O{N
o

73
13=3
<
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A a3ty sAde F33t¥U T FE 223 o] Nodeg+= 111,6247), Elementg+= 68,3967 ©]
o, mdo] o 7 FEZ YUHAH tih BT FHE Holal 9o, Mixed element
typee A3l MeshE FAIsEATh

Statics
Node 111624
Element 68396

<191.24> A& FA=2] Mesh model

& taas 20 At E $UE A8l 54008 Akt

i
%)

Aoz Ad=o uAgd el

rr r_@ ing
Anj
=2

o (M

oo ol
do
)
o
X,
i
rr
=,
_L,>i
e
z
Ho
u-.g

o]
—

juked
1%
>
)
V)
b
ot
ﬁl‘
fN
o
LN}

<191.25> s AA=A <181.26> X|&0l slzeo] 2&st= WIF
I EEE]
Equivalent Stress

AA e g g & 82 174 MPagE e A| 1L
o] RES I AAZAZ Mesh datao] thdt error2 ¥t uweba oS A< s}
I X & A= ksl 9 A Y BEXE S8 BS uf, &Y dZ2d

Z A ]
shEo|A ol WMEH FRoIA T A $¥o] g e A F F Utk

I_.

2
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ol FA3 WHHE 3 ol o] A UGS el

. 174.22 Max
161.78
— 14933
— 13689
— 12444
— 112
99,555
87111
74 666
62222
40777
37333

114MPa

64MPa

R

24 889
. 12444
8.5948e-8 Min

<Z1¥1.27> Equivalent stress 2}

Deformation
olg] :®ol IS X, Y, ZFo Uik Z wedE F wWIdF 9 AA AFEFS JeER o
. Deformed model& W3 A = i=k

CELID 4 W3 + Hidd 2 A4 Hd

X-axis 1.387 mm
Y-axis 0.041 mm
Z-axis 0.660 mm
Total 1.468 mm

(a) Total deformation (b) Deformed model
<Z191.28> Deformation 2 3}

0
Iz
n;?_lj
&
©
N
=y
o
i
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7Hg skt

Stress [Mpa)
W & w @ =
& & 2 =

M
-]

-
a

o 100 200 300 400 500 600 700 800 500
Time [sec]

<1381.29 f2asze <8 2299

@ HAZZ9$ 71eH"

O2gsf 2990 45 AMS A Ale]F 7H-E(cycle counting) W F #HAZ=2
7HeE S ARESER T H2aF RS T2 fHoRE dojXl §Y ZERdS
st HRAEES 7HeH S THSAT dAZSES 7h"S 71 vhE 3ES dA
719] €83 Hd $YLE Yo AET F de AelF HA Wlolth ol& F3h
19 1303 o] S8R E(stress range, Srange)¥} -2 (mean stress, Smean)<
skt

26
I23.4
208

] 18.2
| 15.6

=] 7.8

.2
IZ.E

@ S-N Az #A
S-N AxE Ao wrEZR o7 7= Ho AZy wrE 39ko H#AS e

g Ry N

A== GL guidelinee #-&3te AUt S-N A=e A2 AF diFdAd =33
Age AR, AR, $HY, c¥PTAT, =AAS, 2H ALY, A5
A, FF SF, AR 2 A Wl g A, FA ee o8t ALdsth

A wiziws 2 SN A=s 22 % 112, 29 1313 2o
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112> J4 S-N A=E F317] 93 o8 gy

Symbol Meaning Value Unit
Rn Tensile strength 460 N/mm*
Rpo.2 Yield strength 250 N/mm*
R Stress ratio 0 -
ax Stress concentration factor 1 -
Notch sensitivity caused by stress gradient
n influence and localized plastic deformation at the 1 -
notch base
R, Surface roughness 100 s m
v Partial safety factor for material 1.25 -
j Quality level for component 3 -
jo Constant for material and test method 0 -
t Wall thickness 25 mm
S-N Curve
210
I . o oo st penss s s st
:E- 190
ol e e S
%- 50 s e e
T 10 fo--eeeee- O e B A e A S
=]
Ll e R T e
B a0 bersemrs e e e e cee e
E ?O __________________________. _____________________________________________
50 *

1.0E+02 1.0E+05 1.0E+08 1.0E+11 1.OE+14 1.0E+17 1.0E+20 1.OE+23 1.0E+26 1L.0OE+29
Number of stress cycles N

<I¥131> SN A=

7t olE5 AL WTFEAE ALt
Oxags29o 72 Moz dojzl $89& AMEste $EE FA458S =539
om, 19 1.32¢] Goodman °]&& A&3ste] F7+8 0 Z(equivalent stress range, Seq)
o2 WY 9 A%E S-N A= 3 FrF Edo|EMiner’ s rule)el] &8ty &
1137} Zo] AA &3ES AT
L 1 / \
; g =T * =
5 e ¢ - /\/\'su E.S”
i RN
5
e TS Mean stress, 5

<2191.32> Goodman ©]&

Damage = Z%

j i
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3.86E-09

A AIZE, sec
855

BloE =

permissible life on s_N curves
Required life (cycles)

ni .
<Zx1.13> g2F3| 2§

800

e}7] 4, N,:
X4 hour

™ W o I
BB T ﬂ%n
N - i
T o B
oF oo o N G
EEo@M o ol g
i 2 W do
3D i
T o Y
mql ™y
o = R
T o |
. CBER
__OA_‘m..M ,Olo_olq
o s H ™ ol G N 8 2w op o2
mEO - ,@.: " [
sh L oz ,m.mﬂﬂjww!m,__qﬁl
-] N To
S % m oo %
S ™ | g H o MA]
o © o ol : > w0 ®
oW W T Mo oy
o m x N "1 oo P~ =
W oy - I o P > 8
o EE S x BPoE
1:_/|o]1_| N 1T IS
Wo © = LN | oo T oy
Wy w5 : 5 5
= ) - woWr B
9 ok B T mH do B B O
Ty E s 5
T % Wz Vo RERE
‘lﬂuuﬂEﬂmomMmmm.m =" Mwl_/‘m.hwwﬂ
FA g e 0 & q My oo
oy T NN mriaoﬂ_ﬁ
Wl i
T D o s
8T o+ F 4 WE
EEﬂwlo_o I OTMM%O
4= Moo o 0 g
mﬂo#aoﬁaﬁﬂ ﬂmﬂoﬂﬁee,
b g ol B Z
X w®OH o CRiE s
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ted Atk S-N A& FZ2 A

<O™1L34 HAZ=F 7
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@ S-N A= =#A
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10E+02 1.0E+05 L.OE+08 LOE+11 1.0E+14 L.OE+17 1.0E+20 1.OE+23 1L.OE+26 1.0E+29

Number of stress cycles N

(14135 S-N A=

@ TIHES olEe ALI WFERE AR

S Fx AR dojxl FHES ARESt SHIFRH HAESHES =SSN,
Goodman ©]&& &3t F71-88 W Z(equivalent stress range, Seq)o.z W3 Th
S-N A= " 57} &£4o]2ZMiner’ s rule)ol] & &3le] & 2.89F o] AA £4ES ALt

<E114 X&) F37 &35

E3x 4, hour diolg A AT, sec T3 &4E

800 855 1.46E-03

AN

(mh g3 25 AAE SB "oy i % 51 o
oS 2
@ 3B Wy =g
ted sz est 2o Aolg AAsE suuode gad A2 Ag wold o
Hol® 148 93] Romaxe] wWlol® custom REZS AFREe] 18 1363 28 AAAY
o] A&H HoldS AR ALE RS = mdo| At 13 1379 o]
SH Wy mdy st

£ &

<Z1%1.36> hub bearing A LYH
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I\
=)

(b) 44 (©)
<Z1%¥1.37> Hub bearing in ROMAX

i)

S
SlB oy iAE et Hxd AES HA FEE B
9 = d2 FEE A &3ttt 23 |29 mesh 3%
4 463971, Elements 2148712 FAE YT ZH A9 mes
Node<~ 204057, Element<= 109947 ] }.

g st¥er, = =
19 1.38% 291, node
e 19 1399 2

rlo

=

e Statics
Node 4639
Element | 2148 Node | 20405
Element | 10994

<191.38> Disc harrow FE data <2191.39> Frame FE data

27

A&

(b) Frame <45
<IE140> =8 A AA=A <IE141> By AF4F AA=A
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B Gearbox 1 (Gearbox) = e
Front -“;‘-$-=C’ *1*5@‘Q§‘|EJNS‘M|V\‘@%EO

EDmax External load

TECHNOLOGY

Global Position Transform

1.000 o o
Rotation o 1.000 ]

‘o o 1.000
Translation (mm} ‘o o 1.000
Mai External \Daﬂ
'Position: (mm) 1000 ostershaf
Paosition: (mm) 1.000 Default
Gearbox position: {mm) ] o T(n”uﬁ” ¥ Caloulated from position of outer shaft
Axi

Description:

Local Coordinate System World Coordinate System

Moments (Nm)
X b g

Load Cases

 Forces (W) Forces (H)

A new load case

HH E < W

» Duty Cyde: [De for Gearbox 1 || openocEdiar. . Load Caset Anewload ¥

{19142> b3 2% stz
@ 31 g A
9 2dlo oy ZFEoHAE -S0umolA 50um7bA] Sum FACE Z7FAI7)H &4
S33k5ich. 1S0 281 / TS 162812) FA0 2 3)4g Azt & 299 o] wolg 2o
25 0 ~ -25um Atolo] BEEQlS o) Hojy FHo] JHA 0
A5 Wlol®g o] 543 AdtE+= A

“2um AOIE Mol FelolUsE i g
T ART. WM Hx2a =y =HA O™ 1433 Zo] Moy Sgojd 27t 0
= - -
-25um FRtell S =5 A QEEL% A7gsltooF ot
(E1.15> o]zl W& Wy 9 w00
< IS0 281 /TS 16281 >
Life modification factor, a;, | Axial clearance, um | Bearing Ly, life, hrs 3500
-50 2527.59
-45 2930.02 5666
-40 3198.85
-35 3321.33 =
30 3381.84 E 50
-25 3404.63 £
20 3384.86 5 2000
-15 3341.24 =)
-10 3285.48 5 1500
5 3224.29 =
0.14518 0 3161.00
5 3096.67 1000
10 3032.03
15 2967.38 500
20 2901.04 - -
= — . —— Bearing L10 life
30 2766.87 -50 -a0 -30 20 -10 0 10 20 30 40
35 2703.87 Axial clearance [um]
40 264535
45 2593.86
S — e <1E143> Wl oo o wold
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o 2ahd = sy 8l
DEFAA7] st
D &3247] stedde A FE 314
n ﬂL&

gAY F3 T H2a 2y ASdA BTAHE= Ahsteold ARe
vﬁshﬂ A ojof sh= HA d¥Roln, FRIHA FA % L
Axrslr] f1e dHHolHEE FEHTh @xﬂ Aol ERE Y xR 2=z
g =29y A 747 2A8ste shgolds Af ASFsAY 4=
= AL g oEe Aot TdHe= o}vﬁ]%% © i
AR B FRSte] thfet FH sl st
ol a7HH 53], agF ASHN AR =
TAHE olN SHANT dAstee dud
wZel o7k dastth & FAoM= nCode
stk 2EZQIACIAY] eRAAS Fdst= MIE
7ot FYF ZHE UFECIHORRH dtFolHor
w3 EE stEolde TE2AE H RUTE AT

f
ol
==
N
-

1o
AN
ol o
=

{1

O{N
>
N\
o
z 2

o
0 Y tlo

eglu ¥
HU4
[
i)
:‘—l‘mlm

Y
2l
og(:ug

ox Ir K 4

o
N
N
o
2

i ofy
N
)
3
o
o

fir o

e
N
iR
X

]

o
%
ko
YN
td
o)
o
A
re
e
ok
£

ransfer matrix)-&
HE s
zAo i/ﬂ E@-;@Cg

—t

(strain

[0

-
ox

O
oL

rlr
03

E

o
ot
>
n9L'

6]’%@@% Er-?-iﬁf% 4,< JLE'.-_I”O|7.”OIXI l:lxl-
(Fx, Fy, Fz, Mx, My, Mz)
A
r T
[ FE i | Lz o a
i il HEE O|d 53
I >
HeE S8 dE/Axdy =3 || =#s=0|=
SI=H =8 AEY CH0|X YA HF- T o
SHEASE 21701 %] #1488 (In-service load history)

Y
Heotsa HEE

rd

A

y
HEE HEH=

(Strain transfer matrix)

L2 D NEsks =2 A7 2

ot

=T
= 4

B E3297] FE Modeling

EAd7I= a9 2.29F 2ol EHEH Y 34 3 A4 F(three-point linkage)oll “2+=] o]
EFE AQld 93 FeHor ALH MEAYS TSt v EFAH oY B
2Zhg 71 Wl Z#Hd(main frame), == 3jE-9(disk harrow), =|&(chiseD) 2 HjE7]
(hillen= T4 =] AT

Ht‘;}l}mﬂﬂ] ZHE $8e AN 5t fRasdde FeaAch Aol g
= Solid 840]™, Abg EE I ANSYS R16.0 ojth HHEEo 2H¢uFa(H 3
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Main frame

Rear disk harrow

Front disk harrow

BgaY7] 74

WAz P TH239 Zo] 289 Hxz= 25 18719 189 A< 4 5 mETE

AA e ZH|Yo 2 EHE Y 33 JAo dAE dom, EFE| AlE o LAY S
A, "Haa 299 NE FAEFEY AFstes sA e BEAoitth Wl =z <
EHEL H2d 2o XS0 BEYGH HAFHe FEe 7EAYA, EFREHY 3 #
= AAR(three-point linkage)oll ZAJAWeo g 35S F7lstAtt *8}% 7= x= W
© 2 210 kNojth. I1d24+ wWI=d e Ftessy wdy 43 AAH 2 sts
HE HoE

<IH2.4> H32]7] wdzd e wdd
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@ tea H2e THE 29

24 295 274 600 mmel 939 v2=7F Y4l 100 mmet 77 26 mme] tl ==

2H(disk arm)ol] Zﬂ@ﬂoi EFEH HAAA Hx=a7) sdsts 722 Hol Ak Had of
uléaq FRRFA AT 91—5— TFEYFOE AR} gov, Wel Z Y

BE AEHE £4, 3% AF 43 S

o
>4
[
_\u
N
N
I
K3
T
2
S
>
Hﬂ
l

&
e *

Wt Z—}%‘IEI Re4e woll Aato u zZalge] AT TPl 292 Yad 2
971 Aol gom, 2 JL 280 mm SAALE A4 WA At Pz HES
o HEFe =AY AVFFATFPS xF, o9 FAL o] TUA EFEH FHO
2 ASIE FFEHIPL yH, ESEDT FAFFIHID L 2502 WA
Yoz dzs a4e 98 4A24e Wl Zeagel 1450 i taa oo 4R

S i =
Fixed 2702 F431a1, tj2=a Auks AAT FeHolA wolx FAd 359 3%
0 kNelt}, 1925% 23 2%

R

Oazgee

A

a2 FA4% 34

KOY25 fx=3 2% F4%F FE 4 =d g
Q@ A& FHEEF mdH

BYAY7)e) AFY Uad 2P Atolo] 19263 2ol MAHo] Qi NS 19
el AZ2 FAH Utk NFL DY U A2l o3 FHE 2GS NF A
& olgstel BN FS AUE 4TS Y] WEel A o5 F2 Ay
go| AF 3L Wk AE TAF mUPe Zo] AL 1719 pin wAF A
29 nHSE ZHolEe] AEAL fied 2ACE THIAY. shE/tdRE 19277
gol Az A7) AdRelw, dFol Y AA WYSE AATFaE WPOE

1,000 No] 712 35S 77 =) d
=0 A 2= o] AgH7] wiel °1§ I JE R FENY S
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Po| AHg¥ 2457+ 3 mm o]3tolth,

=T~ + 982 Rigd 7
D -avnes

19260 As F4F ¥4

K827 A& T74%F FE a4 =4

A

O mWel zZg 9
StEAEE 2EFHSA )R SHEAL F3gasAS Bl BASYT. 1928
Ty Yol FE siadxzA S7HEEEZ Yeldg. ® 210 Wd=zgde 34
- Al

1
1

x 2
i)
_y;l
off ro

o)
BANA A4S FE &

2 78 ariE Aostdoh WA=z dels F

41.34 MPaZA] A& XA ZH Y Eo 71 & &8o] ZL31 988 & 5 9o

p= [e)

WE "’_(;}P:)a 94 H] 3
#1 41.34 A& AAZHY 1 +ETH
#2 28.91 38 #H3 J94 =Y ke
#3 25.06 37 #¥3 94 =Y +EdTH
#4 33.42 38 43 J94 =Y 339
#5 12.40 A& AAZHY 1 S
#6 11.18 A& AANZHY | L7
#7 8.30 37 #3394 =Y S
#8 29.99 3F 33 94 =Y e
#9 2.62 A& AAzHY 1 |7
#10 4.12 O3 2 AAZHY 1 459
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_#2(28.9 MPa)
7 _#3(25.1 MPa)

sh 4783 MPa)
D

#8(30.0 MPa)

(a) Side view
<182.8> Wl ZHY FE sl ZA3(A %)

_#4(33.4 MPa)
e

—~ #6(11.2 MPa)

_~#5(12.4 MPa)

F4

=

(c) Top view
<KIH2.8> W =g F=314 23
@ "= =2 FAF

92,99 2.2 Tla3 2 $o) @ FE iAol Ar) $8¥=7]% 11 MPa o] 3
2 SHASFCL000 Nl 3 kel W ATk ol HaIHNESY Ee FHOE
A5l FhslAE ol el WFE Sl AY] W, o fHe] 2EHAA ]S
g Rastel B3¢ FAY A% 59 WEEs} vo} FREs} Wojd + Uvks AL
omlgth Yo ¥ UREE SHAE Boli 53, 2EAAAIANA tot 54
NBIh wolzst FHEY AP AERA w5 ofele Ao wuATh webd, B A
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]
A AL F AEF g2z 2% o gz s 4SS FHI}9Y
®2.2> H23 MES FAEFY YA AF A
QA7Vsks Equivalent Stress (MPa)
Fx= 1,000 N 5.1
Fy= 1,000 N 4.8
Fz= 1,000 N 10.6

it Py unit

me
2007-11-22 2% 5:00

Time 1
;I(r\q!?rtlrzz onsM 2017-11-22 28 505
10067 Max
§942386
7824566
6706885
556965
4471366
3333666
2235805
1118166
345,12 Min

2847286 Max
7869306

9834265
43173 Min

(@) Fx (b) Fy (© Fz
<12.9> T) 23 FBE TAT TxHA Ax

I-210& AE TAFY iAo H. ASLFTDEFT Fx FIHA, AEH A &0
Ao R VA= FHOE HEFFAA ALtd &2 7= 125.07 MPa)2 HFo = <l
3 YAte FFTHoE HAA FAE&SHoR B 5 Q7] "ol AbEAIA AdAH
ow, 11 9 & FEY 9 10 MPa oJste W e VMRS & & Utk #2390
ste R FEFEX, Fy, FOE HW 57488 AMAARE Udetdidoh A&9] iXdx A
H2g s 299 Az v %E%‘?éﬂr%k% 7EA 7] wZel, AA FE 5ol thdt
FTHRAEE ®o|7] st A& g S a7 BFoE XN&Y FFs T4
skt
{F23 A& TAHF YA 23 A
sz Equivalent Stress
(MPa)
Fx= 1,000 N 6.6
Fy= 1,000 N 1.7
Fz= 1.0 N 0.5
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(@ Fx (b) Fy (© Fz
<IH2.10> A& FAFS x84 23

B
delskFel dd Pt YR Zobr SRRl e Ag, AA 2EHAA A
A ZHHE AsPAe ojglgo]l Bt e Y ngnE SPoAFo|n ASA
Hol tf@ 2HNEE o)yl SAdME FRIANARE BHse 2EHAA A 22 9
Aol A Lol AP BA 2P F AES t2d HES S5 AF Lo dEHS
zo 4eol B4 ST
O d2= sz I&TH
23 2% 4o FeolE staiE 1921139 Zo] £43td 7|&9 guds i
ANA Uz 25 o RS WS AT Haa sz 4578 A3, F249 #Zo)
1,000 N stFoll A 57F&Ee] A7]& 5.1 MPadllA 12.0 MPa& °of 2.4ufo] §-¥ o]
RS % Ak ol BYR shFl da RAY WS4 At drHe
2 27] gl Ze sawstel thatel $eMste BerE Uy & & itk
—
<
Original shape Modified shape
KIHE2.11> 23 2% FF 4
FH24 Y= sz 48 A -5 sHANEH
Maximum stress at strain gages (MPa)
Loads — —
Original shape Modified shape
Fx(1,000 N) 5.1 12.0
Fy(1,000 N) 4.8 13.0
Fz(1,000 N) 10.6 21.3
@ A% I4+H
A& I”2.129F ol AFE Y AFsEE Zol WIder AFe JhEdste WH
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(Modified shape D3} = s|Z2F 43} w72 YH] 48t @A A

WH (Modified shape D& x#3stgth WA, Fx = 1,000 N& 27183 w 571832
A7)+ #2599 o] Modified shape 1 A Wl 2 14.0 MPae]al Modified
shape 119] 7% 42.1 MPaZ A Z7]g7 g4 dofZ 6.6 MPas 7|Fo 2 & o 444
of ofs) Fhzl HF7H= 24 oF 2.191 ¢} 64HH°‘ < & F UTh g

FAsHA HWA stFel g $HIE=

Modified shape 117} Modified shape IOﬂ H]
ol T, H-A) 9 7}%—?4_01]/‘1

Original shape Modified shape I Modified shape II

<a¥212> A& F4+4

(3250 A& JAFA A -5 L8 AAAT

Lo Maximum stress at strain gages (MPa)
Original shape Modified shape I Modified shape II
Fx(1,000 N) 6.6 14.0 42.1
Fy(1,000 N) 1.7 2.6 5.6
Fz(1,000 N) 50.3 73.6 116.0

m 3}5A) A 71 H(Load Reconstruction)

O WHEE A B
SR Wold sEd WEEe H¥Hos wHsmz 1921304 7o ~EH
AclAol Aol WBE & AF 4,9 8% L& AN e T BALoR wd
I & Ao

c
o
o
>
=]
r (

= of tiet] HMPENL e 3tFIE Le PP = 2
st 22} 2ol YEd = QT
{e} =1A4] « {L}+{e} b
A7NA, A= AP E ¥W3 PH(strain transfer matriv) = 75130 thdk 2EH A A A 9
U7k =(sensitivity of gage)olth. ex €2 2= yElH, FHAA<sH(east square
estimation) 0.2 e’} H47} HE dEFAFAE Lo Z JeEH Q) 2ol LE e
o} ARFE A4tEE stEsFAHEY A
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{L} = ((4)714) " - (4] 7 - {e) (th

<71¥2.13> Virtual strain gages and applied loads
W) FEAZL 98 2EHAAIA 9 HA
FEASS AAAE 2 FFHEEE NS WYE $HE BT 2EHUA
1

$) XA A (strain gage positioning)e] &3ttt 7]E9 HY

v}
fo @
by
i
S
D
I
2
4 K

| 914F 2 Aol FAHo v

m
&
E ]
=
= N
i 5
(-
é -
< el

o
2
N ﬂ]ﬂ,
<)
fu
4z
vl
oL ol B
N
o
o
B
2
N
T o m

3394[13: )
2 N oop oo rE 4 41 & Q& 2

2} Ho
o] glof, BIIAWE ofUt 4B, B,
%

AZSE A% 2EHAACIA A& AAsI=H

ol
o
b o
o2
e
N
o
-
BN
e
1o
o

oM o
N2

i
¥
O
i)
[
=
=3
(@)
D
@,
ok

Dorlr e £ jor 2
b

(m
e}
ro
X
o
N

#t}. o] o, undetermined system& I 3&}7] 95t] ~EFH QI
= stexde F¢ T AU 1 o] o] Hojok it

3148 A9 determinant®= @2 )2 2EFSIACIR Y METF ZFUMESE Fho
S7Hh. Variances 2 [AIT[AlS] i) SR 2EHAA A A57E 71
SdE FASHA FHEE AYES BHoln ol steFAAULIE A FUlstd 9
= Yrletr] wiEel AAFEE A4S AlelA ARINFE AARE F Utk
VIF(variation inflation factor)= 3

DA S8 Ao daAo] AEA
HS SYAETL stz dis) 2k d
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2o 2E#RIACIA F7F B YXE HAAY] f5te =EdAAIA F
3N A 6707kA] WA 7 HA BE A determinant, variance 2 VIF] %ko
AES}AT stz thek AlolA] $HY FHA S Yetd= VIFS gkl 6.8~7.6
T4 52 go2 AMEJoY, 1 gol 10082 S99 594 Fado] »A
o 4 gtk ©, ~EFQIA A FF 3~67] W oA VIFgEe] ztol= =A $iTh
A, 2EH A o)A FHE~670) wWE VIF A4F3k6.8~7.6)2] o]zt =A flon, 3
239 s5=7(Fx, Fy, F2)olA undetermined systemS I 3l7] 3 ~EAAI o)A 2]
& 8FFE IMNYE 1HE o, A AAHE e 2EHAANA= A3t dd

o o U

£ o fo M 4 O
b o ot [»
ot o R B

e sl
- [
18Message  Show
o
L : 71
L (ol
- Export Lopy
[T Iz [ 10 Is [& Ir & ]
1 [Nurmiber of Gau|Detsrminant of |Vasance o Loi| Varance af Lod| Vanance of Loi VI of Load | |WF of Load @ |VIF of Laad 3 |
[ | 1 | | | 1 | |
E 5, 532+86 1. T2a-15 | 956e-15 1.27Ie~16 583 4.003 59
|f& 1, i a7 I 27a-15 T 8%+15 122816 S ENLY (%]
5 I 131315 1 6ace-15 1. io6ev16 16,18 R 7517
B CHE Taee1s 15562415 T.(CEar 1B G673 B D

<1¥2.14> g2z 2 2EA A Qg wE
Determinant, Variance % VIFe] zk Ax-2 3}

a92.15¢ steAIES s AAE =EHIACNAY Aot o] YA= FItE 5
of g 7Hd e SEES Ze AlolA fAE YRt g2a 2 F SH o EY
-3t A Aol F a7e] e AEdHRIACIAE AAsATE E=3, YA 299
F89 WS AEsL7] et o] A - S 2740 F 4709 2E#AA|AE Full
bridgeE TASY H3I-H L FUFHY. 2EHUACNA AAHA 23 259 HF

H AHo zE#IACIA Y Fzo] oy X e &FHolsHE
AT AXE AABstR o, T IA F¥ste =X9F 22 P4 ot
AE & AAAAHANA AJAZAT F2.6S T2z 259 2EAA A A H=E
24, Zt $)X= 71% node(node of control point)E WYMo 2 st AHeld FH:mgholth

<#2.6> == s 298 2EAACNA AR FHE

No. of Distance(mm) Node of
Gage No. node x-distance y-distance z-distance ngg? ! Comment
S1 71959 -14.6 -3.9 0.0 72241 1
S2 72090 -46.5 86.7 0.0 72241 2
S3 75034 62.1 59.7 41.1 75377 3
S4 75087 87.7 11.1 42.5 75394 4
B1, B2 88878 88.1 13.5 30.2 75377 5
B3, B4 88058 70.1 5.1 47.7 75394 6
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lo
[>

{19215 Y24 24 EgAACIA HAA AA
O2.16 H2aa 4o Hlojgd F4IFe Fx = 1,000 N, Fy = 1,000 N, Fz = 1,000 N
stsxde A8AZS W HIEY SES BAFA vk AW HIELS Fx 57 A
SIAIC| A A 43 e o™, Fy 3t57FH A SIWH Alo] Aol A —48 1 e oW, w33t ol
o3 MYPES 31 ¢ e 2 ALHIAT

Export..

T 2 £
lllll Sait [Curmor — [Cursor Value _[Gauge NodoT1 ]G auge:Node T Gauge Flade 75l Gwge RodeTd]

L . .
T
f |
— B v E g o
— ' i B T o = e
Testharna: e Channel: | Title: Curstor Valyes Table: |

VU
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= 3/MolA 673712 W3k
£ Wsle] wE VIFZ:

o] o
& ol U WFBOl M SPHow ¢

Exp Copy

M B 3 4 5 3 7 B
{Fide)) i Bisiay. LI Synchoriss Femove Sort [Number of fmant of [Varfance of L of Loe|Variance of Lof[ VIF of Load 1_|VIF of Load @_|VIF of Load 3

[

T 1E RET TE08e+lo__[1.747eeld___[2.02e17___[2.852 X 1255

z 114 4551643 1.90e+16___[L62erld___[1.7%3e+17___[431 [¥:] .03

3 5 B.715e+4 1.86e+16 T52eeld__[1.5%er17___[4.329 (K 1.052

0 3 1.572e+4 1533416 |1.5ee1d 1.02%8e+1T__[3.918 395 1.065

28217 AZE EAo 2~EFAA A Mo e
Determinant, Variance @ VIF9] gt A4-2 3}

Z:EH]OIH]O]X] FZGE~67)e wE VIF Alxtgko] 1.03~1.282 & ZFol7F Qlar HEE &
tro S FHAoH, HE&H A Fx, Fy, Fo)ol tigt undetermined system-= 33}
71 93l 875 = A4 2EHRIACIA M4E Esty 2EdQIAICIASY M4E M=
Attt
13218 A&EY SsASFS
-3k 3 & F MY @ 2EFJACIAE AAHsIHN L
< AES7] st ol A - sk 274 T 4709 ~EF Q]
Attt A 299 vRA R &
2 329 AF ZE#IAC|A S FEpo] ofE i 91X EE =5
AAE AAsIHReH, SHFHIE Z FAT FAHSIEY X5 7 A=
AN AAANAT. F2.7S AZF9 2EY ] z
node(node of control point)E YHo 2 3to] Held FEZto|th

]I

HJE

iy © H
HU
=y
=3
o
=)
(@)
oQ
(@]
mlm
-

(E2.7> A& 2EHAA A A =

Distance(mm) Node of
Gage No. I\L%dgf . _ _ control Comment
x-distance y-distance z-distance point
S1 71959 -14.6 -3.9 0.0 72241 1
S2 72090 -46.5 86.7 0.0 72241 2
S3 75034 62.1 59.7 41.1 75377 3
S4 75087 87.7 11.1 42.5 75394 4
Bl1, B2 88878 88.1 13.5 30.2 75377 5
B3, B4 88058 70.1 5.1 47.7 75394 6
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N, Fz = 1,000 N &%
. Fx 2 Fy 35 tistele] 2E
9 17 4 ¢ o]H, Full bridge®] gt
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(th 2EFQI AlolA -2
B O3 2L 2EHAAA X

O3 25 Fad 2EHRIAICIA /Mee F 870w, I X& 182.20% Zrh
23 2 & ZgolEL A - 3ld 4740l e 2EGAAIASI-SH)} =HH
SET e YgS vuslr] st el A - skl F 470(B1~B4, full bridge)e] ~Ed]
AAC|AE Fatnt. 292212 AA t3 2o F2E 2EdRIACIA AlE
HoFEoh

B

e
OOOEOVOPO . .
D#3
ise

(a) Front disk harrow(D#1, D#2) (b) Rear disk harrow(D#3, D#4)
(192205 )22 259 ~EGAA A BALA =

@ A BN
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(e) S4 (f) Bl, B2 (g) B3, B4
(IH22D0 H2== 299 2EHAA A 3 AR
B s Z2EHRJIACIA A

A Eol F&E 2EFQIACIA ANee F e, I A= 192229 2o A& Y
olES] -3t 3ol F /Mo Wt AEHUAACIAESI-S)Y =AY SEANET9Y
94 nwsty 1 ske] oFo] A - Ehol F 470(B1~B4, full bridge)e] ZEHQIA A=
Fabstnh. 192.232 AAl X & F2E ~EFRIAOIA] AZlS HoEnh

(@) A F-2AR () S1 (©) S2
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(d S3 (e) B, B2 (f) B3, B4
<1382.23> AZE9 ~EHSIA A I AR
() AstzAd
HEstael digk MygES Ay SHE W3EY YA E vnsy] sy
AateANES FHIAT HAFAELE 58 &7 /S Agsid o, sFgEkEX,
Fy, F2) 92 #3202 7lEste] 7} st s HyES SAIA

B U2 25 AT

FHe

k<3|

L g

Rolth, APHAE

]

[N L.
T

it

"ol 53

=

Coil spring

/

Fy

(a) D#1, D#2

Disk harrow

A

{1382.24> tl2~4 2L =4

Fixed

b

O3 43

3| 2 -(D#1, D#2)9} #W vz =043, D& stEH
HolzEd, 3§t

%-Ool—o

1™, AAHL Y2z}

92253 192263 Zo] ZY AL
stal, & & Y=g ddo] AA

ks

)

s3e EdE AAPHATE
2 Agste BFES

Zzb 3,000 No| 35< ¥

H

o+

yg‘i

AT

3 b

1

Coil spring

Fixed
Disk harrow

Y

A

(b) D#3, D#4

EIEEE
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(F2.8> g3 |29 AHslE Ald=xA

st st=37] (N)
Fx 3,000
Fy 3,000
Fz 3,000

(@ x4 sk=7Hd, Fx (b)) y&F 85714, Fy
<1¥2.25> Y24 | E% D#l L D#29] A @A AR

"

@@ x8& sts7td, Fx - ) y8& sts718, Fy - (O 238 ste7H4, Fz
<192.26> T3 S| 2% D#3 & D#49] AlFAEA] ARz
@ AT F2
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= 3FS T Fo APAHL Folztth ol Tz ARSI EFY EEH FHE 9
3 o ZHolESt T3 Ydo] ol HE g o]FE TRE AFE] 7] fE
23] 85 J1eld o & ZYolE We] wpige FyeFoR st dFvY
2710l Aol RRYA A FRAQ WAY AFe] Aty doHn

FE si4 235 d¥z oz AFsn 4z 43 dnge] ving S F 23y 2
o]& glstdth. ¥2.10% 311 ¢ HolM FA FRe s AR} HFANEAH
S gy HoskFol WF sHRe s At on, Nz A@Anete] 2ol ErronE
7 YERATE. 9714, Error()e (@A ds - A@Asp/eiadsh x 1002 A4kekg
o},

292312 e U WIE AEE xPsle] fReLH ARG APAFAE vnT
a#zolt}, txa Ao AFE= D#1F} D#2 AW tF HeEAHE AWrw, 7
3t5E(Fx, Fy, Fool ti3t W38 & 2443 A 448 272 2HHUSS & 5 9
T olE dF71E A AWl MAsE S0l AT ARAHL AL Yo AL Ay
dot. 2Eu, R8s AT vlas) B o A@AART tha 2olrt bk 2ol
A BE Hls} o], S1 Al|AE AMeF e AolA e S-S0l fIassLe] ALt
Ao} Zpol7k B S & F Utk ol d Aole FI¥LaRAI AA AP AW
o gz AAxAL BLA, AolA FFHA ] o], HA stHEHE sFAt AW

o ARz Ao F BFAA 2o st AT Ao HAT. WA, 4A
e BEHe] HF2AL
APANE BASE ol WA Aolth

FE2.9 T3 B2 AR 2 HFWFE ANl U $HSPAR FY

Disk harrow Gage No Measured stress at maximum load (MPa)
specimen No. ; Fx=3,000 N Fy=3,000 N Fz=3,000 N
S1 -28.8 46.1 -44.3
S2 -65.1 -15.5 -41.0
D#1 S3 120.0 -10.8 -32.0
S4 98.0 -49.6 -26.1
B.S. 18.0 20.2 3.8
S1 -28.9 47.2 -43.8
S2 -67.9 -13.3 -40.2
D#2 S3 122.1 -16.0 -35.1
S4 97.0 -53.6 =27.7
B.S. 12.2 18.3 2.1
S1 -29.9 45.2 -48.3
S2 -71.0 -19.5 -43.4
D#3 S3 122.1 -11.3 -22.7
S4 100.0 -52.9 -14.2
B.S. 10.8 20.3 2.4
S1 -29.8 47.1 52.1
S2 -66.5 -14.2 43.5
D#4 S3 116.5 -12.6 25.0
S4 93.5 -50.0 18.2
B.S. - - -
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L Stress (ps)

L stress (upa)

Load - Stress ﬁE: Load - Stress

(@) x=F sks(Fx) (b) y=8&F st (Fy)
Load - Stress
H

(™22 Y= 2% D#l AIEA BstsAld 23

Load - Stress

Load - Stress

strgss ()

Load (kN)

——bending ——S1 ——52 3 —sa

Load - Stress

Stress (MPa)

<19H2.28> Y=z =5 D2 APA AstsAd A
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Stress (MPa)
,

Stress (MPa)
b

500
Load - Stress 00 Load - Stress

Strgss (MP3)

Load (kN)

——bending ——S1L ——$2 - §3 ——s4

(@) x5%3 st=5FEx)

Load - Stress

Stress (MPa)

Load (kN)

——bending ——S1 —S2 - S3 ——S4

(© z5%& 3+=(F2)

19229 Y23 2% DE3 A gA A=A

Load - Stress

Load - Stress

£
H
g
1
= 500
500
Load (kN) Load (kN)
——bendig ——S1 ——S2

——bending ——§1 ——S$2 . §3 ——S4

(@ x5 stsx)

Load - Stress

Stress (MPa)

Load (kN)

——bending ——S1 ——S2 -« S3 ——S4

(©) z=vr&F 3t=(F2)
<192.30> g2 =29 D4 A gA A

Sk

=
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(210> U2 HZ9 DEL DE2 AW 4384 8 AZA% va

Stress at maximum load (MPa)

Load case Gage No. FEM D#1 specimen D#2 specimen
Exp. Error(%)” Exp. Error(%)”

S1 26.7 28.8 8.1 28.9 8.4

S2 60.5 65.1 7.6 67.9 12.3
Fx=3,000N S3 97.1 120.0 23.6 122.1 25.8

54 69.3 98.0 41.4 97.0 40.0

B.S. 21.3 18.0 15.7 12.2 42.8

S1 475 46.1 3.0 47.2 0.7

S2 28.7 15.5 46.0 13.3 53.7
Fy=3,000N S3 41.0 10.8 73.7 16.0 61.0

S4 73.8 49.6 32.8 53.6 274

B.S. 59.6 20.2 66.1 18.3 69.3

S1 65.5 44.3 32.3 43.8 33.1

S2 65.5 41.0 37.4 40.2 38.6
Fz=3,000N S3 17.7 32.0 80.8 35.1 98.3

S4 22.0 26.1 18.7 27.7 25.9

B.S 2.7 3.8 42.8 2.1 211

*) Error(%)

<2110 b4

S G AAT - ARAPAAATH x 100

s =9 D#39} D#4 AW f3eseld 2 A¥ES nw

Load case

Gage No.

Stress at maximum load(MPa)

D#3 specimen

D#4 specimen

FEM Exp. Error(%)”’ Exp. Error(%)”
S1 30.6 29.9 2.3 29.8 2.7
S2 65.2 71.0 8.9 66.5 2.0
Fx=3,000N S3 103.8 122.1 17.6 116.5 12.2
S4 82.0 100.0 21.9 93.5 14.0
B.S. 314 10.8 65.6 - -
S1 479 45.2 5.5 47.1 1.6
S2 29.8 19.5 34.7 14.2 52.4
Fy=3,000N S3 44.6 11.3 74.7 12.6 1.7
S4 78.1 52.9 32.2 50.0 36.0
B.S. 57.1 20.3 64.5 - -
S1 58.4 48.3 17.2 52.1 10.7
S2 72.0 434 39.7 435 39.6
Fz=3,000N S3 20.1 22.7 13.0 25.0 245
S4 16.2 14.2 12.3 18.2 12.5
B.S. 9.3 2.4 74.3 - -
*) Error(%) = G123 - A@dah/s)44d7H x 100
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Stress at maximum load(MPa)

Stress at maximum load(MPa)

Stress at maximum load(MPa)

Stress at maximum load(MPa)

140 T T T T
Specimen : Disc harrow(D#1 & D#2)
Load case : Fx=3,000 N
120 | e ]
T,
£ .\\
3 ~
100 - £ ~ B
80
60 | Bl
40 —— FEM
eeeOee+ Exp.(D#1)
—ay— Exp.(D#2)
20 L L L

S2 S3 S4

Strain gage No.

(a) Fx=3,000 N(D#1 & D#2 Specimen)

<122.31> T3 2 AW

140 T T T T

Specimen : Disc harrow(D#3 & D#4)
Load case : Fx=3,000 N

80 | 4
60 | bl
40 | —— FEM
. + Exp.(D#3)
—«y— Exp.(D#4)
20 L L L n

S1 S2 S3 S4

Strain gage No.

(b) Fx=3,000 N(D#3 & D#4 Specimen)

A D AHAF ¥ (A %)

100 T T T T 100 T T T T
Specimen : Disc harrow(D#1 & D#2) Specimen : Disc harrow(D#3 & D#4)
Load case : Fy=3,000 N Load case : Fy=3,000 N

80 | B = 80 1
o
=
b1
8

60 - = 60 | 4
£
=]
£
<
<

40 | g £ 40 .
®
@
73
=4

20 B 201 .

\9_‘"_‘_‘_"___./‘. —e— FEM N s & —e— FEM
..... P4 cesOeee Exp.(D#1) -y ceeOnee Exp.(D#3)
—wy=— Exp.(D#2) = wy=— Exp.(D#4)
0 L L L n 0 L n n
S1 S2 S3 sS4 S1 S2 S3 S4

Strain gage No.

(0) Fy=3,000 N(D#1 & D#2 Specimen)

100 T T T T 100 T T T T
Specimen : Disc harrow(D#1 & D#2) Specimen : Disc harrow(D#3 & D#4)
Load case : Fz=3,000 N Load case : Fz=3,000 N

80 | y = 80 y
o
=
k=]
3

60 — = 60 Bl
£
=]
E
X B XS

40 E £ 40} R
©
@
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<#2.13> A% AW Fx - 6,000 N HthstZolA =38 S22 Fe)

Chisel Gage No Measured stress at maximum load (MPa)
specimen No. g i Fx=6,000 N

S1 -120.7
S2 137.2

C#l S3 -139.0
B.S. -142.1
S1 -120.3
S2 129.8

C#2 S3 -143.8
B.S. -130.4

::;j;// -

{IH230 A& Cal AIGA AalsAld 23 <7235 A& CH2 A13A AesAld 23

214> AEAT fassd 9 NAAT vw

Stress at maximum load (MPa)
Load case Gage No. FEM C#1 specimen C#2 specimen
Exp. Error(%)” Exp. Error(%)”
S1 119.5 120.7 18.0 120.3 0.7
S2 120.0 137.2 19.6 129.8 8.2
Fx=6,000 N S3 | 1408 139.0 56 1438 |21
B.S. 130.4 142.1 9.0 130.4 0.0

*) Error(%) = (3423} - dgdd3h/sf 23k x 100

Specimen : Disc harrow(C#1 & C#2)
180 [ Load case : Fx=6,000 N

Stress at maximum load(MPa)
8

—e— FEM
------- Exp.(C#1)
—wv— Exp.(C#2)

S1 s2 s3
Strain gage No.

(192365 A2 AWl A4 9 AFATH ww
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<{3£2.16> Specifications of measurement system

Devices

Specifications

Comments

Inverter

Model : DC12V-AC220V 1000w
Manufacturer : Devicemall
Spec. : A&} A E|(Pure Sine Wave)

EAE wE g DC 12V —
DAQ ¢t AC 220vE W
3

UPS

Model : Niky 1000

Manufacturer : Legrand

Spec. : ¥HHSYL : 160 ~ 290 V
AL 220 V

Y=Y F3 © 50/60 hz
HiE ] M AZE 5 ~ 307

2L m
d &

DAQ

Model : MX840B, MX1615B

Manufacturer : HBM

Spec. : 8-channel universal amplifier of the
QuantumX family;

Supports the following transducer technologies
(total of 8channels):

- 8 strain gage full/half bridge(DC/CF 4.8kHz);
- 8 x current fed piezo-electrical sensors (IEPE /
ICP);

- 8 x piezoresistive full bridge;

- 8 x thermocouples type K,N,R,S,T,B,E,],C;

- 8 x resistance: 5000 Ohm;

- 8 x potentiometric transducer;

- 8 x inductive full or half bridge;

- 8 x LVDT;

- 8 x voltage: 100 mV, 10 V and 60 V;

- 1 x CAN bus on channel 1: receive/transmit;

PC

Model : UNO-2483G
Manufacturer : ADVANTECH
Spec. : intel core i3

8GB DDR3 SDRAM

4 x GbE, 4 x usb

-20 ~ 60 C ZZo A AF 75

EYH AF #4<& 19
dte s 9 A
A3 A8 PCE 74
ex) A&, AF & AY

Al AR

Item Specifications
Model VBSS05
Manufacturer RACELOGIC
Output signal Voltage
Maximum velocity (km/h) 1,610
Maximum velocity (km/h) 0.1
Accuracy (%) +5

<1H243> GPS &£&A A
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Addae] Bz dFAYAE=A(=DE - DIK-5530, Penetration : 147~ 2,452
kPa, Resistance depth : 60 cm, Spring : 49N / 50mm )¢} EFFEAA (=A™
WT1000B, Moisture : 0-99.9%, Temperature : 0-60° C, Accuracy : £+ 1% , Temperature

+ 0.5° C, Sensor type : FDR2)E At-&3ste] E<ke] whe s #Yzlo]l 9 +&& FH3)
AH1E2.48 #=x). =49 Hd EFuEy #AYJdol= 7247 Cone index 1,939 kPazt

18 cmelth BE HAEA EFFEE 86%0]7, 97]£EE 260C0] T,
Speed
(/b 1625 m
3125 m 100 m 3125 m
(15 sec) 24 sec) (15 sec)
15 km/h F-----=======--

1 km/his

Acceleration | Target speed| Deceleration

Distance(m)
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Specimen: Main Frame 12
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(a) Velocity : 0 ~ 2 km/h
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(f) Velocity : 10 ~ 12 km/h
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(h) Velocity : 14 ~ 16 km/h
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‘Specimen : Disk Harrow D#1
Velocity : 840 km
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(g) Velocity : 12 ~ 14 km/h
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(c) Velocity : 4 ~ 6 km/h
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(h) Velocity : 14 ~ 16 km/h
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(d) Velocity : 6 ~ 8 km/h
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‘Specimen : Disk Harrow D#2
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(e) Velocity : 8 ~ 10 km/h
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(c) Velocity : 4 ~ 6 km/h

‘Specimen : Disk Harrow D#2

Velocity : 1042 km/h
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(f) Velocity : 10 ~ 12 km/h
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(d Velocity : 6 ~ 8 km/h
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(g) Velocity : 12 ~ 14 km/h
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(c) Velocity : 4 ~ 6 km/h
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(d) Velocity : 6 ~ 8 km/h
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<138254> t)2~= 3 29(Disk harrow D#4)e] EZE FPEEH =A o]y
3 A&
Chisel C#1

200
“
" ‘Specimen : Chisel C#1
‘Specimen : Chisel C#1 Velocity : 24 kmh
30~ Velocity:02kmh | 150 Chisel5-1
Chisel5-1 i Chisel 5:2
Chisel 52 Lt Chisel 53
2 Chisel 53 | Chisel 54
Chisel 54 “lr 100
¥

Strain(ue)

20
%0 |
-40
-50 150
0 5 10 15 2 2% o % o % 0 50 100 150 20 20 30 30 40
Time(sec) Time(sec)
300, 400
‘Specimen : Chisel C#1 ‘Specimen : Chisel C#1
Velocity : 4-6 kmh 300 Velocity : 6-8 km/h
200 Chisel 5-1 Chisel 51
Chisel 5-2 Chisel 5-2
Chisel 5-3 Chisel 5-3 |
Chisel 54 20 Chisel 54 \
100 ‘
| | 100 |
_ i | | - I
3 . 4 \ 3 L [
g 0 " W v "mw“"“’""“"“
il 1 ! @
100 /
100, | ‘
-200
200 -300
-400
73000 20 40 60 80 100 120 0 50 100 150

Timesec) Timefsec)

(c) Velocity : 4 ~ 6 km/h (d) Velocity : 6 ~ 8 km/h
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250

30
‘Specimen : Chisel C#1 Specimen
pecimen : Chisel C#1
200 Velocity : 810 kmh Velocity : 10-12 km/h
Chisel5-1 » Chisel 5-1
150 Chisel 52 Chisel 52
Chisel 53 » Chisel 53 |
Chisel 54 i |
10 Chisel 54
I 15
i
é B b il
5 0 £ 1
@ ? ] I i Al I
| it
M LMt i
B I i
iy { |
0 ,
150 - | |
5
200~
250 0
o e » P P 5 0 2 0 02 04 08 08 1Tm‘ssc:.2 14 16 18 2
Time(sec)
500 800
‘Specimen : Chisel C#1 ‘Specimen : Chisel C#1
400 Velocity : 12-14 km/h 600 Velocity : 14-16 km/h
Chisel5-1 [ Chisel 5-1
200 Chisel 52 Chisel 52
Chisel 53 1 Chisel 53
Chisel 54 ‘ 400 Chisel 54
0 ‘\
| H 200
1 )(‘ F \u AL i | | _ |
5 A AL .“jwﬁ | 5 o
2, WM ; NN v*' wﬁWA E il bl et
§ § w el
g u M( L f
-100 J ’ [ | 200
200 ’
| 400
300
400 600
500 800
0 5 10 15 20 2 0 3 %0 45 0 50 100 150 200
Time(sec) Time(sec)

12 ~ 14 km/h
Z(Chisel C#1)9]

() Velocity :
<192.55> A

Chisel C#2

EdH

(h) Velocity :
TP =4 dolH

ISR

o b

]

50 100 150

200

14 ~ 16 km/h

WM

‘Specimen : Chisel C#2
Velocity : 24 km/h
Chisel 6:2
Chisel 63
Chisel 64

250 300 350 400

Time(sec)

(b) Velocity :

‘Specimen : Chisel C#2
Velocity : 6:8 kmh
Chisel 62
Chisel 63
Chisel 64

100 400
| 200
50 H
"‘Eﬂw"
0 =&l i
3 v A 3
£ } \\ $-20
@ L "l 3
50 \""\-4,\4
’\ 400
100 Specimen : Chisel C#2 N
Velocity : 0-2 km/h -600
Chisel 6-2 \
Chisel 6-3
Chisel 6-4
-150 -
o 5 10 15 2 2 ® 3 % s 80,
Time(sec)
600 T T 800
‘Specimen : Chisel C#2
Velocity : 4-6 km/h
E Chisel 6-2 600
0 Chisel 6-3 »ﬁ \
| Chisel6-4
/| 400 -
200 """AWM
| W
200+
3’ H W = 3
Ve :
ﬁ 3

200
400
W‘ \N\v -400
600 [ ' -600
-800 -800
0 20 4 60 80 100 120
Time(sec)

(©) Velocity : 4 ~ 6 km/h

2 ~ 4 km/h

sl

\ *»«‘M“""me\

Time(sec)

(d Velocity :

6 ~ 8 km/h
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[ pe——
‘Specimen : Chisel C#2
Velocity : 810 km/h
L Chisel 62
hd Chisel 6:3
Chisel 64

Wﬁbwﬂw

et b,
5 oMM ! WMJ;JPWWI

s

o
400 - I ur,m
(M\\
600 - W
Mﬂ 10 20 30 40 50 80 70
Timelsec)
(e) Velocity : 8 ~ 10 km/h
800
600
400
20 | ) } !"‘U“"“MN Ah
o, AN
é o ‘{1\:0:(\ J‘ﬁ\u'\ ’ ’\.1
£ 0 Specimen: Chissi c#2 ‘i
Velocity : 1214 kmih | '
Chisel 6-2
400 Chisel 63
Chisel 6-4 "N Y e il A “w
600 ‘\ (’ |
800
0% 5 10 15 2 2 £ 3 ) 3
Time(sec)

(g) Velocity :
<192.56> *|Z(Chisel C#2)<]

AP TEE

12 ~ 14 km/h

(D Calibration matrix 2§ 4

R RN

A&l tHE AT S

0 02 04 06 08 1

‘Specimen : Chisel C#2
Velocity : 1012 km/h
| Chisel 62
Chisel 63
Chisel 64

12 14 16 18 2

Time(sec)

(f) Velocity :

10 ~ 12 km/h

Strain(ue)

‘Specimen : Chisel C#2
400 Velocity : 146 kmih
Chisel 62

Chisel 63
-600 Chisel 64

0 50 100

m W I
M "

m '«gf W ‘1
Wiy

150 200

Time(sec)

(h) Velocity :
EdEH FYP&55H =4

sate] 49 353

22572 nCodeE &85} calibration factor(ZZg) =2 7]1L7])=

5 2.

14 ~ 16 km/h
H o] ¥}

=2HE

HYE A
st %2173 %218

s =
T

w_-ﬁ*

<Z1¥92.57> Calibration matrix A4k
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pmim,

pvim

i

@ Y= sjz25-

Hamow 1-1 Hamow 1-1 Hamow 1-1
s'“__‘. ) Disk harrow D#1-Fx = Disk harraw D#1-Fy ‘“:'—’7_ T Disk hamow D#1-Fz
o ,m-ﬂ."]f/j.[. N FIFY S LR PO PRV PO PO PR I ::;_l“ TP PPN I U PO PR PSP PPN PR PO O R e 5% P R PR T 7 I 1 PP P .‘u %
28 46 24 22 2 A8 A6 44 42 1 99 06 04 02 28 26 24 22 2 A8 4§ a4 A2 4 08 96 e 02 06 08 1 12 16 18 24 26 28
act 1 k) i ko) i k)
(a) Disk harrow D#1-Fx (b) Disk harrow D#1-Fy (c) Disk harrow D#1-Fz
<Z192.58> Disk harrow D#12] calibration factor A4t
Hamow 2-1 Hamow 2.1 Harrow 2-1
TS Disk harrow D#2-Fx s Disk harrow Dé2.Fy "F Disk harow D#2-Fz
400 100 =
usE .-!ﬁ;'\'.'.’:l/;l N FPTE PRI ETE FURY FUTS PURY RERY RTEy Py i _a::_d.nhul.nl PR FREN VWY FEUY FRTY FOPY P BEeN eet | _ﬂ?:_“.l aodaosloselasalaneloaalonrlona ol |.K.i-:\
28 26 24 22 2 A8 46 14 42 1 08 45 04 92 28 26 24 22 2 18 A6 A4 A2 4 08 06 04 02 06 08 1 12 14 16 18 2 22 24 26 28
act1k hN) act 2 (k) act2 M (k)
(a) Disk harrow D#2-Fx (b) Disk harrow D#2-Fy (c) Disk harrow D#2-Fz
<1¥2.59> Disk harrow D#2¢] calibration factor A4k
Hamrow 3-1 Hamrow 31 Harmow 31
6218 = N 2227
L = - Disk harrow D#3-Fx Disk harrow D#3-Fy Disk harrow D#3-Fz
R A 28 26 qa;;-mz EEETEE [4::' 05 b4 02 2 oa we :4..;‘1 12 14 15 18 2 u[m'zs 26 28
. bt 3

(a) Disk harrow D#3-Fx (b) Disk harrow D#3-Fy (c) Disk harrow D#3-Fz
<Z192.60> Disk harrow D#3¢] calibration factor A4k

Hamow 4.1 Harmow 4-1 Harrow 4.1
579 = 2351 5849 F—
son [ e Disk harrow D#4-Fx 200 - Disk harrow D#4-Fy Disk harrow D#4-Fz
400 =
b =} 100 [~
100 [
200
o m—
100 i e 150 [~
"
100 {—
200 [~ =
— 200 -
PO Bt < WU U EUN FIWY RN RUTY FREUEUTY OURN FEUR ) T P syl lenbi blen b b ded b i PV £ FIE R FWEN FEL RN FRTE SRTE R PR SRS I ST
28 26 24 22 2 18 A6 4 A2 -1 48 B 44 92 28 26 24 22 2 8 96 A4 12 9 08 06 44 2 04 06 08 1 12 14 W 18 2 2 24 26 28 3
Logend Logend
arer | Tex Ttz Ty aner | Tee oy Garer | Tee
—Lon hrow s 03 01 0 Gnd 5T ripea — oo bwrse v o o1 0 G351 w80 —[Lob w5 04 01 w3 h3 5 %6
— | L harrom x 0¢ 01 3 En3 82 o110 Th 7 — [ Lab harow_y 04 01 a3 3 52 ) — [ Lab narow = 06 01 a3 03 52 s
— [ Lao_parom 0461 oz En & 55 P —— | Lab_harrow y 04 63 o2 Cha 53 CZ — [ Lo rarrom 2 0461 ez ohé S5 i
Lab hara s 04 01 n3 Cng 88 et 7 Lab_hwrow 04 01 a3 TnE 54 w3 Lab_harow 3 0401 a2 TnE 58 Teor

(a) Disk harrow D#4-Fx (b) Disk harrow D#4-Fy (c) Disk harrow D#4-Fz
<Z132.61> Disk harrow D#42] calibration factor A4k
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<E2.17> yl23 2% AH< Calibration factor

' Load Calibration factor (s e /kN)
Specimen
case S1 S2 S3 S4

Fx 49.89 111.22 -204.81 -166.98

D#1 Fy -76.98 25.70 18.21 83.11

Fz -75.78 ~72.89 -44.12 -35.84
Fx 49.88 114.90 -207.19 -165.06

D#2 Fy ~79.00 21.95 26.61 90.11

Disk Fz -75.85 -75.31 -43.66 -34.90
harrow Fx 49.95 118.26 -203.44 -167.20

D#3 Fy -75.91 33.06 19.27 89.44

Fz -84.22 -77.13 -29.17 -16.64
Fx 49.27 111.24 -195.10 -157.04

D#4 Fy -78.54 24.24 20.64 83.34

Fz -92.22 -81.20 -24.24 -15.25

W A&
Chisel 1.1 Chsei2.1

5”":" T ) Chisel C#1-Fx r = Chisel C#2-Fx
a00 |- i I E

200 [

mim
m
\
|

200 [
400 |

00

500 = =
qagpierilein

P05 7 =r

<Z192.62> Chisel C#19] <Z19¥2.63> Chisel C#29]
calibration factor A4k calibration factor A4k

{(F2.18> A& AH<Y Calibration factor

Specimen Load case Calibration factor (x e /kN)
S1 S2 S3
. C#l Fx 99.80 -113.08 114.38
Chisel C#2 Fx 100.34 -108.19 119.06

@ Load Reconstruction

b tj= 2
9264+ 19251-19H2.549 WHEE =4 dolE(Velocity : 14~16km/h)ZH-H
Calibration factore} W& W3l PHS L3l vz RG] that st=Fojedd oz ¥
A AT o] dhFolg 2 224% Ftol A RSV W tiREstFoE JHE S
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XY Dispiy

e ot Cow . 2
ﬂ T £ ]
CI—

T 5 I
e T -
5 Toe

—

s : :
Iﬂ(p it L o — ] $T W

<282.64> t23 299 Load reconstruction AlAHA <)

XY Display
i1 Ch 1 : Harmow Loadcase = Fx - Computed Load History

z
S in1 Ch2 . Harrow Loadcase = Fy - Computed Lead History
4
z
L 1 . .
o in1 Ch3 : Harrow Loadcass = Fz - Computad Load History
=
120
Time (Secs)
Histigjrra Dispiny 7425 187E] 2625 3375 4125 4875 5625 637 7425 787H 8625 037 10129 1087

LoadRa_Harrowd_FaFyf2,_in1 Ch 1 Hamow Loadcass = Fx

D#1-Fy

= EX:1 637570 o7

5033
4530
14026
3523
3020
2517
2013
: 1510
o 1007
5033
Histogram Display

LoatiRe_armow_FafyFz_int O 2 Harow Losdcase = Fy

5375 10125 1067

2196
216
2337
1557
168
1358
e
e s

s sss2
2156

o

Histogram Display T
LoadRe_Harrow?_FAFyF_m1Gn 3. Hariow Loadcase = Fz

6375 7., 787 9375 10.125 0.7

o7
5343
4750
a1
a6z
2963
2315
4 1781
- 187
ssa7

(a) Disk harrow D#1
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XY Display

in1 Ch 1 Harrow Loadcase = Fx  Computed Load History

KN

L L

= £ d i
- in1 Ch 2 Hamow Loadcase = Fy sted Load History

kN
o 4 MW

1246 ' ' : ' ' ¢ . . L L

in1 Ch 3 : Hamrow Loadcase = Fz - Computed Load History

KN

4905 s L L 1. L L i
0 20 40 60 80 100 120 140 160 180 200 220

Time (Secs)

Disk harrow D#2-Fx

Histopsaen Dicolsy 1675 | 5695 | 5375 4575 | 5695 | 675 | 7.195 | 7675 | 6625 [ 9376
LoadRo_Hartowa_FAFyF2.in1 Ch 1 Hartow Loadzace = Fr
T8
s
190
EE
4503
3662
S =
221 [23
e (238
s [IErs
CR =

Histogram Display

1425 | 1875 | 2625 | 3375 [ 4125 | 4875 | 5625 | 6375 | 7125 [ 7.875 | 8625 | 9375 [ 10125
R, .
3
04 7 12
Disk harrow D#2-Fz
Histogram Display 0375 [ 1125 | 1875 [ 2625 [ 3375 | 4425 [ 4875 [ 5625 [ 6375 [ 7.425 [ 7.675 | 8625 [ 9375 [ 10.125][ 10875 11.625
......O
s
ss81 28 137
4734 1728
:

(b) Disk harrow D#2

XY Display

in1 Ch 1 Hamow Loadease = Fx Computed Load History

kN

inl Ch2 Harow Loadcase = Fy - Computed Load History

2318 L ' L L L L i i L

in1_Ch 3 - Hamow Loadcase = Fz - Computed Load History

kN

Time (Secs)
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Disk harrow D#3-Fx

Histogram Display
LosdRe_Harrowd_FiFyF2_n1Gn 1 Harrow Losocase = F

Histogram Display
LoadRa_Harrows_FaFIF 2. im1 Cn 2. Harrow Loadease = Fy

Histogram Display
LoatRe_Harrowa_FAFyF2_ i1 Ch 3 Hamow Loascase = Fr

T0.125 | 10.875

|

Disk harrow D#3-Fy

TaTE

[T Z625 [ 3375 | &a2s | 4E7E

L

BE2E

328 %
762 3
3525 3%

[6.50E~03]

harrow D#3-Fz

Z675 | aa7

5635 |

70725 | 10875

T TTess]

S

7376
5.08E-0

(c) Disk harrow D#3

XY Display
in1 €h 1: Hamow Loadcase = Fx : Computed Load History

n L L L L i

in1 Ch2: Hamow Loadcase = Fy : Computed Load History

3

Disk harrow D#4-Fx

Histogram Display
LoadRs_Harmows_FiFyF2,in1.Ch 1 Hammw Loadesse = Fe

Disk harrow D#4-Fy

Histogram Dispiay
LoadRe_Harrowd_FAF)¥3_in1 Ch2 -Hamow Loadcase = Fy

100 120 140 160
Time {Secs)

180

2625

3315

200

220

8625

10125

125 | 4675

e

Disk harrow D#4-Fz
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Histogram Display
LoatiRa_Harowd_FiFiF2.in1 Chi 3 Hamaw Lt

7282

1z

7275 | 24
651 [gq0Es03] 12 B10E03
1051 28 =

2131
1620

(d) Disk harrow D#4
{1E2.64> Y23 2L dt=0)"
W A&
T182.65% 132553 1132562 HE
W PAS A Gl X&) EH?‘{P g

=7 to]E] 25 Calibration factore} 3
o8 oz WMIAZTL o= 224% EOPOH A&
&
E

O{N nqm

3l=olth, 192,662 3F5o|= 3} Full bridge (B1~B4)ollA =43+ dlolE 9t vl

ot} Fz 3t5& F2 XZ9 #3 EWEES {FEAJEZZ Full bridged #3 Uil

il a8 & uf Ao FL3 sAFE AT

Row, stFHIFE FARE AFES Holal o], S1-83 Ale]A o] ZAHUCHE A
1l S AT F Ak

o |1 Lo ntlm

offt
e
&
)
off
m[o
é
o3
ek
&
O,
_\1
ol _ln
2
k1
i
jus}

XY Display
—_ in1_Ch 1 - Chisel L = Fx - Computed Load History
: J
! 1
= = |
x r |
s.204
h 1: Chisel L c H
s in2 Ci Chise Load History
1
: i
= B
2
=3
x
sl . . H 4 . . . . .
o 20 20 €0 ) 100 120 140 180 120 200 220
Time (Secs)
Legend
[earss | ™ ]
| | _int ch1 ChselLoas: = Load History 1
| | “inz ch 1 : chimetLosdcsse= e e |

Chisel C#1-Fx

Histogram Display 025 075 | 426 [ 175 | 295 | 2795 | 325 [ 375 | 495 | 475 | 625 | 5¢5 | 625 | 675 | 795 | 7¥5
LoadRe_Chisel Fx_in1.Ch 1 : Chisel Loadcase = Fx

i
G
13|

LoadRe_Chisel_beading_in2.Ch 1 : Chisel Loadcase = bending

192655 AZe HFelY
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| | i sl |
| | Lii\i 77777777777777777777777777777 e

sl

[ [T
— T TIE
[ e ComeLoagiane +benng Computes ongratry

<19H2.66> A& steoldAEe} FistFolg4d= vl
@QEFAH7 F8F AEHTE HIt
b JE2WF=E B7PEE
e H2EJA AFE WA ZH Ao WP ECY dHolHs HEINE B Hol
Eolng J2UYTE 4SS 93te] Rainflow cyclic counting methodHS &-&3te] S
u

He-wtEe EYAE wEQdT B3, tad 22 Goodmand & A-&35te] v 24
VS F= HESH 9T LHAT
g g
L " (7]-)
STL u

047]/\'], S S 1] R(Umin/Umax)=_1(ﬁ§ﬂ'%‘gl 0Om~
AR AggEelt WY T ENE
o

s S ok N o WD = nINE AN
FARHE Miner ¥3¢ whE2thn 7o,

D=3D=3Y~ (P

(b Wl ZE e Y= AFE7t
. 2EFHRIACIA Al oft 2= BT}
Wol el WRWTE Prhe BEE2ENA Hojn WEE Z4H oHGI-SI0=
7122 ste] Hrlskdth 192.68L Wl ZH Yol FEUYTE HIF ZEANAE HAE
oo W ZEde) A diFREAAIAZE = 500 MPa)elth. Wil Zgqle] w2
FEE Brer] 95kl AHEE S-N AEs 92339 2ok $Hol %Y 4% o= BS
54009] F2 2 G539 S-N Ax=E #8353t

#219¢ SEHREE 53 2E#HAAIC)AGI-S10)00 4 S4H HY
23}, Rainflow cyclic counting methodE &-&3to] Al4td &2
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Completely reversed
load converting

<8267 A2HFE H7F Y

Damage Prediction €—— S-N curve & Miner's rule €—

<19H2.68> WA ZH Y FZYWFTE HI7} TEAH X~

Stress with UTS correction

1000 [

Stress Range (MPa)

100 188 1£6 168 1€10 1612

Life (cycles)

Legend
Steel Weld BS5400 ClassF2:Stress-iife (S-M) SRI1: 10714 MPa 91-0.3333 52-0 2 NC1: 1E7
Steel Weld BS5400 ClassG: Stress-ife (S-) SRIT 8201 MPa b1-0.3333 b2-0.2 NC1. 1E7
Steel_UML_UTS500::Stress-ife (S-N) SRI1- 2268 MPa 51-0.1339 52:0 NC1: 1E6

<9269 Wl =Y fEFAE HIl AHEH S-N A=
cycle RIE9} o]2FHE S-NAEE o] &3t A4S 92 &/ =(fatigue damage) A4t
ARE 2B e g Zolth. ~EH ¢ AolR e R we} TAHLHR,
SHAFTH, EHFE o] Hrtstdth $ASE R A, S FTAT Kte 1.0
AgstRon, &7 Ay &HolaF B4 ¥ stEF ol wet BS 76089 3t
F25w3 Gea< 283t ALesdt

ol
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<#2.19

Wl Z# Yol Cyclic counting @ I 2+ A4 A3}

Gage
No.

Cyclic counting & Fatigue damage

Gage Position &
Comments

S1

Histogram Display

Field_MainFrame_in1.Ch 1: Main Frame 1 [um]

W
7 oy
Rangs (MFs} T

Field_MainFrame_in2.Ch 1 : Main Frame 1 [um]

#1 91 : GHON WO|= Mo F B\
L5cm HOIT 20| AOIK| BH AN

S2

5a4l
: 2] = ST Ao
o - A& AARZYA I
2e+00
a3
> 0 [e) B =]
? =
T i 10 Mean (WPs) -3 a @ = (Kt_go)
Rangz {MPa,
Histogram Display
CombineAllTests_in1.Ch 2 : Main Frame 2 um]
0,21
o.1854 =
0.2
2t 0,127
PamaE
0.05 0.08469
i Y
so 1P Mean (MPa) 0.04235

L ey
Range (MPa) 0 o0

CombineAllTests_in2.Ch 2 : Main Frame 2 um]

o
100 tean (WPa)

o

#3 94| - LAY 20| HOMTH
2} 15cm "HO{T 20| A0lX| T4 9K

-3 93 47 =49
- 83 F(BS7608 G5 +)

Gage
No.

Cyclic counting & Fatigue damage

Gage Position &
Comments

S3

Histogram Display
Field_MainFrame_in1.Ch 3 : Main Frame 3 [um]

T
Rangs WPz} 200

Field_MainFrame_in2.Ch 3 - Main Frame 3 [um]

Cyles 505

50
~1004tean (4P}

#3 94| - LAY 20|= HOMTH
2t 15cm WOJE 20| AOIX| B4 PIX|

1:} Kt= 164)

S4

Histogram Display
Field_MainFrame_in1.Ch 4. Main Frame 4 [um]

S
Rangs WPz 0 100
g2 4F3) o

Field_MainFrame in2.Ch 4 : Main Frame 4 [um]

- 34 g3 94 =g
- 3-8 H(Kt=1.0)
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Gage
No.

Cyclic counting & Fatigue damage

Gage Position & Comments

S5

Histogram Display

Field_MainFrame_in1.Ch 5: Main Frame 5 [um]

=10
B
5y 5 ¥ e (iPa)

5
Range [MFa) 2wy

Field_MWainFrame_in2.Ch 5 : Main Frame 5 [um]

#5 9I%| : mejelut 45

- AE AAZEY 1

S6

Histogram Display

Field_MainFrame_in1.Ch 6 : Main Frame § [umj

57 Ty
Range iz 0 27 3

Field_MainFrame_in2.Ch 6 : Main Frame & [um]

- & 5(BS7608 F25 1)

- Az AAZYY |

- &3 5(BS7608 F2'5 1)

Gage
No.

Cyclic counting & Fatigue damage

Gage Position & Comments

S7

Histogram Display

Field_MainFrame_in1.Ch 7 : Main Frame 7 [um]

ol 4, ¢l ZaAoMRE \K
2071 20| A0IK| S4 A — —

- 3" g3 94 z9 9
- S - X (BS7608 F25F)

S8

Histogram Display

Field_MainFrame_in1.Ch 8 - Main Frame 8 [um]

W 5
Range (MF3}

Field_MainFrame_in2.Ch 8 : Main Frame & [um]
7.893E8

531455
473888
315788

1.573E6

- 34 g3 94 z9 9
- SEHASHEKL = 3.93)
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Gﬁfe Cyclic counting & Fatigue damage Gage Position & Comments
. Histogram Display
Field_MainFrame_in1.Ch 9 Main Frame 9 [um]
59 pecoiimannindi
Field_MainFrame_in2.Ch 9 : Main Frame 9 [um]
- AE AAzZEA
- 87 %(BS7608 F25 3
Histogram Display
Field_MainFrame_in1 Ch 10 - Main Frame 10 [umj
510 waiiniaainiil
Field_MainFrame_in2.Ch 10 - Main Frame 10 {um]
- 023 2R 29
- A RKL = 1.0)
#2202 "Wl ZH P 7+ YAEE ALtE D= &4 S(fatigue damage) ¥ I 2
doleh. oA 7 AA ANE A2 EFEE S2 AlolA A ZA, %E °l 800/\1
e VFECE YRELEES AEIE 216x107°H, o) HEFgor Jakstd 37,100
ANZHER r o) oF 46u))e] AlbANE 7HH 2T

220> W Zef Qo] 7 XM=

A M2 A 9 w2y A

Damage” Total damage™ o
Gage No. 22 4‘3) (800 hourgé) Life in hours
S1 9.61x1078 1.23x10°° 6.48x10°
S2 1.72x1078 2.21x10™ 3.61x10°
S3 1.68x107 2.16x1072 3.71x10*
S4 1.39x107%° 1.79x10° 4.47x10°
S5 0 0 Infinite life
S6 0 0 Infinite life
S7 5.66x107 3.97x10° 1.10x10°
S8 9.61x10° 1.23x10° 6.48x10°
S9 0 0 Infinite life
S10 3.67x107 4.71x107%° 1.70x10"
Note) Total damage™ = Damage” x (800x3600)/224
Life in hours™™ = 800/Total damage™
B 6EEAE o] &% AdstE SAHH Elilﬁ?li 7}t

7270 62HAE ©

SETOA 62 A
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CEEAA SAE stsAEE o Aol tidste Fx(A
e wEFeE, A FY(‘/‘FZ-]:Eﬂw WFstE, P& AASIATHE 11034 13 1.11 =)
=F+FK+EF,

3 a

P, = F;sinf — Fysinf

PS:FCOS(9~I—Fc059 F,
FP&=8 $HEHS doby] ko], EFNS 2 kmh B2 o] AuEE 12

kmh7hA % 4 FRro2 SHelolHE BRANU 6REAIL Mol 1YH o) 3
of whel FEst ARl oW aFAYN du BeAPME EdE S,
A71e) 8F, B Aulel meh 4%, Aol BALHOR NI £ B
] FelR s Zguold 3ol w3 gol FAYL: dole FAYFYL 5
of olgiEE WHHE GBS AANAL

4£5E 2 km/hZ #3HS Y59 12 km/h 74A] 47 o2 SAYOHE &7/ 39 A
195} £ e o 35S vmstel ¥2.215 aY2.710 ek ok olg ol dskEs

Q2= 8.25 % ~ 30.5 %= YEMST Fx #¢ 4% 4 km/h ~ 6 km/h, 6 ~ 8 km/h
L AYR7) PRroRA Eoe] niadse] 2 %L won, £xst 343 4oE
a7t 3A vl Aoz Busn A RT3 AR &7 F43 Fof
A OBAE extE Busd

|\
099

o

o
- T

p

(¢

(= A P A ¢
ol

X rl

Velocit y: (k) )

*-k] ‘ —— Velocity | |

Time: (sec)l

<IH2.70> BTH2EE T3 SAE 6289419 Load cell 3t5415 HolH
uE Velocity : 4~6 km/h — Fx E Velocity : 6~8 km/h — Fx
s — Fy

=z

& F

) J\Mf\/\ Fx_avg=34.1
S 40

[ T T B R D- | | | ! ! fyavg=a17 3

o 2 4 10 12 0 02 04 06 08 1 12 14

6 8
Time (sec) Time (sec)
100 100 _—
[ Velodity : 8410 km/h e [ Velocity : 10~12 km/h . Ex

80 } — Fy a0 Y
Zal g
E Fx_avg=345 =
g k

h; w%ww N -

W \J WW‘VV ™

II 1 | | I 1 I | ‘. avg 161 [ Fy_avg=16.5
) PPV AV SR SRR SPUR BRI IR I B I I I I 1 |
o 1 2 3 4 5 6 7 8 9 9 20 25 3 45 5

o 25 a0 35
Time (sec) Time (sec)

<271 AJQEEFE0 2 FAEFEY)Y 350l

_IEH.
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221> EAE £l F AJAYEH 5729 (Fy) At
sTR A2 AN
Fx(kN) Fy(kN)
of| etz 40 18
4 ~ 6 (km/h) 44.7 12.8
22+ (%) 11.75 28.8
6 ~ 8 (km/h) 34.1 12.5
L& (%) 14.75 30.5
8 ~ 10 (km/h) 34.5 16.1
L& (%) 13.5 10.5
10 ~ 12 (km/h) 36.7 16.5
22 (%) 8.25 8.33
E¥55% 10 km/h ~ 12 km/h F3%ol] QEEFRE o] Fol= dlo|E|7} Hlw A A HA E=E
TE BHAon oisteEng A2 AArt U dle EYY F5, A= 22 A FH
ajle® Adsdtt Fy #te] A 25d I7F 45 #e 4¢ 24 & %, 2=
A 7 RS BE A ZEA & 4S5S e AE #o] A Eo Bz k8 A
A IHZE AU
Hlzg ol thgt J2EHFE A4k Hste] FE s d oA Aozl 1070 18 A A
< WHOE AEELEE ALt 6EEAZRYH SAE 2549 stes AQdge
3}%-°] = (load history) 0.2 A4} T
FEAp, : FEA, o\ = | Field]p, : [A]p,
[Field] 1,
(Al = FEA, . ¥ A,

1382.72% 1656% B¢k 1070 S A ™oAY S o]H(stress history)A =oltk. 19

2.73-2 Rainflow counting methodg &-&3l A4tE SHHS} B-&Ho it cycle
N 4ot o]27E S-NAEE o]83ste A4be =& =(fatigue damage) A4 A&

S|2EOf o R Uehd Tfzoltt

#2.22¢ WAz Y J2ZERFED) Atgiel™, ExE 80041z el g 3&2 &4

L9} A YERATH
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<¥#2.22> m?l ZHP P 4 AAEE v=2 EFE ALEs

Positions Damage (165s) Total Damage (800hr)
#1 4.8%x10°® 8.38x10™
# 1.2x107° 2.09x107
#3 5.2x107%° 9.08x10°®
# 2.6x107 4.54%107
®H 1.9x10™ 3.32x107
# 6.9x1072 1.20x 107
# 1.4x107 2.44x10°®
# 1.4x107° 2.44x107
#9 4.1x107" 7.20x 1071
#10 4.1x10™ 7.20x107

(th g3 299 g2UyTE AldFr}

B U2~3 32 PDI B4

H2a 29 X y, 28T ALY steo] &8, W AolEnitt stFxar|+
EAsHA HEstEE AZte] ME st IFE AKHSE HEsA "ok AZte] mE
stEa7) et WEFe stsHE o A4S T AL & UTh

PDI(potential damage intensity) ¥4 = I ZE4 W k(plrmapatl direction of fatigue
damage)S A8k WRolth. 1§l2.76(a)9 22 Fx&} Fygl stzolgds 7HA= A,
Aol Frttt Fxe} Fyd&e dHPEAE S Sl 1%2.76(b)9‘r 22 dAstzel g =279}
WS 78 7 Ao o] FAsEFHEE 927609 22 €A% 4xE TEE HH
ol vebd o Qoh o] W, WIFE=E ZF%O}—: stgol S BT AgeA TP 2 @
S VA= WIS golx ¥ =23stFe] FHreKprincipal direction of fatigue load)o.2 27X
Skar, o] wrekol A ¥ 2 E(fatigue damage)= 7HE A WAST . 7EA ST 92
sta9 ko] AA=EH, 22769 2ol & W stF¥HES F =23
3k Z(principal directional axis)oll <% (projectiom)A]# 1H2.76(e)2} &2 Fxo} Fy<ol sl%
olgs #FAS UMY FFoldgAEE 7 F Ard. 132.74= PDIl(potential damage
intensity) &4 ZZA| 20|,

00“
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(e) Principal directional load history

(82.74> F A 2EE EQS

N

~ ol
()

2700
(d) Loads projection onto principal direction axis

2700
(c) Principal direction of fatigue load

o

B wr
A =z

ZA 2

1296l thakel wl Aol Zrich A HFHEY =279
Aol ZEz FEE 334d Frgel Uit 339

% ox of

{1 of of ¥
ot

Ly om

N
-
of
-
ot ofy

spol g mich Wy
Axstel s2sFel 44 AA AEse

(223> U223 299 F A&2&4

bl dlstel MzaE 7
A, Ozz A2l 1Y 2 H2ey

e

ks

Foz AE

Disk harrow

Vector

Angle(degrees)

Vector x

Vector y

Vector z

Js

D#1

-0.433

0.75

0.5

115.7

60.0

D#2

-0.5868

-0.4924

0.6428

125.9

50.0

D#3

-0.433

0.75

0.5

115.7

60.0

D#4

0.133

0.7544

0.6428

82.4

50.0
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KYZ Display

Loadie Herrowl FxfyFr n1 Ch 218 - Wecter 218
n

St [ @ ) ® 0 12 ) ) i ] T
Tivar (it
Legend
[ iarker [ Tee [ ax [ um [ mean | B |
| ———————— [ isasme_barew FaF. | 7082 | B == Jam |
(a) Disk harrow D#1

XYZ Display

LogtRe Hemaw2 Fufyfx inl Cn 00 : Vestor #0
1 1

Tird (S

Legend
[ ke [ 7o v uax [ v [ meean v uras ]
| ————————— [ ionshe Humew2 FxF_ | 2201 |-7i8a | T [ ]

(b) Disk harrow D#2

LoacRs_Hamrewd FxPyFz o ChZ1E- Vel 218
|

XYZ Display

_nt

Tiew (Soex

Liegend
e [ o T v uas [ um T ean T ures |
———— | toamRe natrewd FuF [ SE3 | EE Tonses [ ]

(c) Disk harrow D#3

pr— LossRls_Hemped_FxEyfz_mi Ch 1599 Vet 158 XYZ Display
=
3 =i ) i - L, ” | l’
* N ! . S0 | P
e 3
Bay i Il 1 i 1 1 i 1 1 I 1
: o - - = L e e 1.3 mwo B B T
Tom (Saes
Legeand
[ Mmrkar = [ Man [+ un T+ ttean T unes |
[ iease_narrows FuF [ 2728 e (o5 | |

(d) Disk harrow D#4
o8y Ao I EEAdTe] vekd

S
ke

<182.76> Y23 29 A =

B U2 RS YEAGRA 53
023 3R I2ZAIRAS & =
ME2EANTE 2t dARNZEEZT AFALE AAEIRQT. Q24189 sEFua
H2 A4ttt o 2APALE oheat 2o Ho Austact

A& A I=[(PD)pisk/(CD)pigk] x (800[h1x3600[s/h1/224[sD / 3Hz / 3600[s/h]

o714, (PD)pg= 224% E9ko] 2T 2971 vt ugaasoln, (CD)pgs U2~
dzse] N2AYRA) U Hedroln R224E vzd Ao naFed

of ik AlgAIZE Aldbd et

S A ZH800A 1HF FA3F 7}
= 3

-264-



{32247 Y24 |29 gzstgz20 gk A gAZE AE

Disk Szon HAdsls | A4S Total AlFAIZE | No. of stEF 3t
harrow = (kN) (kN) damage (hours) cycles (Hz)
[ et el == 7.97 -2.03 1.88x107Y 800 - -
D#1 7 0 1.00x107® 22.3 240,840 3
I ZAY 6 0 3.15x107" 71 766,800 3
5 0 7.99x107% 280 3,024,000 3
D#2 35| _E-'ﬂn 2.23 -7.18 9.00x1078 800 - -
I ZAY 7 0 1.00x107*® 10.7 115,560 3
D#3 35 0| ‘%"‘ﬁ 5.63 -1.35 9.88X10:19 800 - -
I Z A 7 0 1.00x10718 1.2 12,960 3
Daq | SFEOIE [ 273 -7.66 | 1.85x10"7 | 800 - -
A=A | 7 0 L00x10™ | 219 | 236520 3
— R v

VTestis) ] Deapla

0

a9

AR277> Y24 —s—ﬂim% 22 A Eixﬂé

B O3 2 FAZAE

O AFA&A

O3 299 AZAEL F 219 AGAE A3kt A=23k5E 7M1k 915tk
5E &% #7187 (hydraulic actuator, MTS)E A X3t o™, tl~= 29 =714
WeFo R Fsles IAAITE AA/AZSATE Haa HRY AEAPERAL F2.25
of o 192782 Y3 RS FEAF AHo|Th

NEETUN) | atzFak4 | @A | No. of SHE 7L )
Max. Min. (Hz) (hours) cycles g g, g,
6 0 3 71 766,800 115.7 414 60.0
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<AR2.78 H2=4 f 29 A2ZANFEX] NS 2 A2ZAP4H
@ A@A

24 2 FEAYPC] 5" 5, 5 FH(dye penetration test, PT) &2 Fd7A
AASATE FEAA AAZAY, F AYPA BF 92 FEe TAEA LUTHLH2.79
Z). A, 23 2 FxFH g J2YFdFe] FFES IA T F

0o O

(a) Disk harrow Specien #1 (b) Disk harrow Specimen #2
<AH279 Y=g 259 g2zAY 848 5 #2484 AR

(Zh A=9 AzUT5= AE
B XZ9 VENIRH E&
=317] Y3ty EXFHAIZHE0A DI FUd 571 d2EA
e AdsATh AZAPY SFEF o SHZE AA
2 2o 2 ALt
Al A1 ZHW]=[(PD)chisel/(CD)cniser] X (800[h1x3600[s/h1/224[s]) / 3Hz / 3600[s/h]
71 A, PD)anisea= 224% FUo A Eo] Be HEEHAZo|H, (CDoige XEL FZEA
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Azol U@ MeedEolth H226L AZe] WuaFzdcl ta AP ALAT
olt},
<F2.26> AZ F23AFEAN HF AGA AN

Disk S A sts | AistF Total | A@AZE| No. of | &+&F4
harrow o (kN) (kN) damage (hours) cycles (Hz)
5018 | 1.85 -5.40 | 1.31x107® 800 - =
C#l
) 2 A& 5 0 7.27x10%° 214 231,120 3
L-,._;.J__:Jpo I; Ik ( '\_ |
_ i '

3

2 TN L G

_ﬁi Jz 2 Darnage B e B S Y ”
<1Y280> x4 2% mE3E5xd B4 Z2Ax
SEEEEERE
O A@HEA
A% NeARe % 200 NFAS AeSHAT WN2HIe s dskel SE 83
FSt7He 7l (hydraulic actuator, MTS)E AX|stlow, A& a7 ko] A 43HFX

PPor NAAEE DHALE AAALSAT. AEe] WRARRAL H227F 2
. 29281 AZo) W2AY Aot

<E227> A=2 J=Ad=xA

A @ a5 (KN) stEFuk | A@AZE | No. of 3571 )
Max. Min. 4 (Hz) | (hours) cycles Pr: 7y g,
5 0 3 21.4 231,120 0 90.0 90.0

Chisel

Actuator

KOH281> A& IFAZAPAA NEFE & A2 AFA
@ NFZ2H
A& HEZAFL 2dAd 2AA FPsAh 100% st =2 H2AFS TPt
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7 < 200%7kA F7HANA F7HARl HEZAR S FPsATH A S
Zh oA f2Age] 5" F, ds535W(dye penetration test, P2 #IHAE A
Attt 2 AAAF, FOARA BF J2d9e TAHA goiti(E2.82
). A, &9 ExLg td J2lTdse] FHES 39 & £ Atk

(b) Chisel Specimen #
(I™282> A&e] A=A g5 F FIdHA AR

(a) Chisel Specimen #1

e
& &
i 2
. + %
I Kio
A2 HSW-3 13} 3= 4 o][mm] 130
A173(d) [mm] 13.00 (Z"A) 3% [kaf] 533
ZA17(Dm) [mm] 62.00 23} &= Z o] [mm] 115
217 (Do) [mm] 75.00 (H 25 3% [kgf] 932
W7 (Di) [mm] 49.00 22 44K [kgf/mm] 26.6
35 [N] 6.50 A (P 18.41
rad< [Nal 4.50 Y2t zo|(ATFA 124014 84.5
FadasZ 1.00 A= (9) 1.2
ZdAR EF FEFY g dddnt
AF7HL) [mm] 150.0 EHAA A=z
B AR

o HzAYL F 2709 NPAE Asstgon, AzAPzAe ®
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oo
=
/(")
N
Y
=2
>
2L
>
QL
k
0,
rr
Y
=
g
Lo
oL
Ho
=
&
L
S
3
2
by or
e
I A DY

<F2.29 tyxd 29 ~xeo] wZAH =z

1% ¥ 2] (mm) . 5
' FEFoE H) | MHERS (cycles)
Max. Min.
s 130 3 1x10°
Actuator
;ilrg;g Disk harrow spring
Fixture

" AR

O3 29 2~z 1x10° cycles 3 EAFo] 98

test, PI)O.2 #EHAE AASHAT # @A AAAF, F AEA 2F fa2dde &
A A FPTHIH2.84 Fx). weks, g2z a2 2P Y TAS FFES

=
g9 g & glek

H(dye penetration

it
o
g
ki
i
m

ol
1

B - SRR e
(a) Disk harrow spring Specimen #1 (b) Disk harrow spring Specimen #2
KOY284> Y23 2 229 92ZAY g5 & AP AR
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(vh == sz A l% slH Hoj” o] M2 TE AFPT}
v SH WY 3 %7} 35 =&
- 2.85(x%1.113 192.76 #Z)+= Load reconstructions F3) d23 2 FHo
A gk s H H| oo Z—iﬂlt— o] =] =] HW‘EA stzolg g ALe Aol o] dhFoly
S HEeToEN B Wol’ FHAPES st KS B ISO 6336-6° AAH ths 2
< A& o] &3l FUtetEoE W ]M‘?}.

B+ )
Féq:( nl+n2+

(H

n, o TEHES i Hd Al E &

E oo 72ES iol tgk &k

p : Woehler-s}<=X4 9] 7]&-7]
g 252 2732 600 mmol™, EHE S 24 $E+ 15 km/hE Hagsjze &
E2 AldE A HE Hazs|24 5 slH vy L= 13263 rpmrt F-
B Hoge IALES = olgel AFE o] &dle] Aol LS AAsIAT

Woehler-s}=419] 7]&7]= componentv}t} Th= X9k Ball Bearinge] 74 dwtx o=z 3
& A& T FES A Aol tidst] A4bsiA, 2.23 kN 571 skl T3zt

XYZ Display
_nt

Vector X Vector Y Vector Z 0, 0, 6,
-0.433 0.75 0.5 115.7 414 60.0
<192.85> Load reconstructionS o]-&3sled 3k 3= o]H
A A AL 57F 8H5S Load reconstructions o] -&ste] & = ww|A] W] A=
g o) &3ld x, y, zF Fo= BYsAh xF -0.9673 kN, yZ 1.6731 kN, zZ 1.1153 kN
E SB Hojg Fdol AUbstA L, s A3 B ol Ao U st 2.62

kKNS T-3k3itt.

(1H2.86> s|H oy st A7t LEF
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(E2.300 A k=, 44 gk, 3 dAeF sh=

Equivalent Force Input, kN Result
F_eq, kN Fx, kN Fy, kN Fz, kN ISO Equivalent Load, kN
2.2305 -0.9673 1.6731 1.1153 2.6193
AP Ed
B Wolyd 3 ASE st H3F 9 800 hr & ®BASH] A% Fa4g Alg Azt
= AHESHSth
- BX o F4 207 2090 SolE 2
- B3 49 800 hr
- A FF 0%
- AgF A
- BAFE 90 %
- T A ARE
1
B In(1—CL) }5
Torr =5, n-In(1—p)
1
In(1—0.6) }20
= |l 77 = A 7}
800 1 =01 2,704 A 7t
A71ANA Typp - FF NG AZE
Bp HZE 49
CL A8 4=(confidence level)
n A S AA ot AF(AEF)
D R R
8 P4 55
slE oy £ A TS 2dd A &ste Fad o 219 w53 7S Algxd
7 EEE & 125t

< AArstA. s1E H|of 133 rpmE 3 H HWojY ] 2% F
200 rpme AE IAEHE -
kNolu, 7w A dol| @ 7= g2agal29 o AdZd 6 kN9 AeES 2839

5)
o olol WE & 7% ASE 18072 BEAGADL 1504702 A4 T,

ilure Test Time @FTT)

Number of test sample. Shape parameter, B

Confidence level (%] ZFT thrs)

19287 T4 55 AF AT P g FRAR AN A

AP RA
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Su Wiy %
Wojgel 2%
she

ol g5to] B oY el
AgstEs FASAT 19

SR ERIREER

SR oA,

23

Z71L YFo
-
T

Eal Pk

AL Slate] ofd AgEsl 2ol A AAE
Hrasizs ool 18T 9Fol
£ 14T WEL 3%
SERREERSBIZERRSE:
CERUISE
A Al

Aol Es 1L
2

E55 A

2.89+=

=

Iy
o

FQAFS #2319

=

Actuator

Motor | | Torquemeters | | Bearingblock |Hubbearin-'

<3£2.31> A @AH

(@) A g
<1328 2= = FH Hlo]dy
T4

TFHAY

(b) A4 =4 91

PO

Askadnt. Al &
Aoy A A&
A2 AAS G A7) REHS

gate] su WojPo) ahFo

]

4r AR 9% Ao TAH AA
e LT,

N @A ey e
= ABB
Model : ACS800-01-0016-5
Input Voltage (Uin) : 380-500 V
QI E Output Power: 11 kW 1
Output Power, Heavy-Duty Use: 7.5 kW
Output Power, Light-Overload Use: 11 kW
Output Power, Normal Use: 11 kW
Q= me = HIGEN 1
- Frame/kW/RPM : 112 §/2.2 kW/1,740 RPM
o1e] = ulE = S HIMMELSTEIN 28003T(2-3)-NFZ . 1
- Max RPM/Torque range : 8500 RPM/2000 Ibf-in
=~ = DEWE 43V & DEWESoft
HleTE ASZH g input channels/ TC/RTD, DC input 1
- Type/Number : K Chromega-Alomega/CO1-K
25 AlA - Maximum Temperature C 2
Continuous:260/ 600 hr:315 / 10 hr:370
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IREEE]
Wold WTARL BE APAT F 15041 SRS ARF B E A

£ 0.2~0.6 kgf - mo]™, 31 HﬂOiE‘ Fol] FERE Ao A 4 2
= 28~30°CZ A9 AldZF Ao dAWIAE FAIHA 71 e 5 9~12°C <o
] S|H w0y jBAAE DA Ay, SEAAA S E u|oj 9
), NPT Wlojd el o] &

= o (T
—j_r&ﬁ
O

EURS-CANITS
I-

E é:?
Fﬂ

o]ﬂ :‘ o

206 0l e o
ot

O_|_,EUR

o
>
A

HOIE +=ZAIS

KIHE291 f2=3 2% B wojd 9 AlE Holy A g9
{3F2.32> g3 2% B HoJd AFAXA

e SHAZE 150
oI 2HAE —’éjxl*z.'lli.& e -
CHAIZHN S AN |3 213 | 101%
Noo | ARAT BRAZ g | aws | e
= ol A 3
1 ooo | oos | oos | | o005
2 0:05 17:.06 17:.01 17:06
3 17:06 18:53 147 18:53
4 18:53 100:00 81.07 100:00
5 100:00 100:17 017 100:17
6 100:17 106:47 6:30 106:47
7 106:47 151:16 44:29 151:16
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: A N . B e o . s
129D AW FEFY Ui A2S H vojde] A
Ch BEAY7) TAE ADLRA

JREEE

B T2 FAE date] WRATAUL AAetel AAEL FolW 9 27
WEAY + YA Bessd 1 BH0) Yok
AlFN8

| |
B oAge BRAUY7 ARG gREel A4UT W A4S B A&H o
EE)! 3

- QU Ao Z HHA
+ HHEStE i bAAAE BHete Aol EFAGIE 7 T8 TAEAF
O3 2o
O Y22z =%
O A&
O Y24 25 229

O g2z 2 38 wojgy
n AFgAE 4 FJrr|E

O A 29

Main frame

) 7 : = g Rear disk harrow
X 1 " T Chisel
Front disk harrow

<AH2.93> 719 Az =
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@ g3 A2 A2UTE AF
@ AP

2= sz =2l Aol AHEEHE AY 55

<F233> f2a E2F AlFAN]

rlo
ﬁ?‘
i
.
iy}

HS e 2d e T
1 Data logger UCAM 550A(Kyowa) 50 ch.
2 Scanning  box UCAM 550A(Kyowa) 50 ch.
[e) O]—/\ E 91_15:01 ol E
3 il R il MTS +50 kN 1
4 F4EZ(FW) MTS 2
Load cell / Load
5 indicator MTS +50 kN 1
2 OAIR AREE AR AR A/EA AFHY FAHAEE 172940 Hole

5

viel Ak B Ao olF F B AP AH o]&d A@AnH A thste] 7l&gith st
TAH Al2ElE wlm MTSARSl o&d F2AF AHEXN F57HE 7] (hydraulic
actuator), °]&¢ &&= A= HAE Aoyl 9 FHAA FEA 7] (hydraulic
power supply)® TFAET W3ts E8AHQ &S Flextest 200 Z=2 o] tiA Y 3¢
A 71 v computer®] D/IAMIEHZ1E Sote] ofdE 0 Moo g WSt F4rtEr] Al
g g fdegsozn AlgAd stF =& WE JeiA g9 fA7EE2E Aok
OAg Aoj7]+= ACAHo]7], DCAlo]”7] 2 micro-console® F+AEo] o, AC =+ DC
Aozl olste] AAH YHAANTE FU7FE 719 servo-valveo] HuUo] FA7HE7 U=
FUHE= dHELAHQRLIkg/cM] FFS 2HFoZH ZAE3ts T WS Aot W
A o] A= ACAHo)7] o] oJste] o] FoAH slFAoo] = DCAlo| 7)ol &3}
o] FojA = F 7FA W] BF closed-loopAlol4l o2 184l E(command signal<}l 3
7141 & (feed-back signaDAlole] & Fzero) o2 FHAIZN O ZH Aozl (FRHEG. & A
ol A= digital function generatorZH-E A== HASRP FH45 2 dhF
A2 & A&stdtt. 192,95 DC Aoj7]1¢f Bgolnt

HolE #HE Al~ES KYOWA UCAM-550A dlolE] Z7(data logger)?} USB-550 2714
¥k 2~ (scanning box)®E /A= Utk o] Al2®ElL 200 Dol AAIE ASFo] 7HEEt

=

-

XN
—

3

<A™H2.94> N @40 A5 Al=dle] FA= <19H2.95> FlexTest 200 #|o]7]
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3 it B i MTS +95 kN 1
4 F-48 Z(F9D) MTS 2

Load cell / Load
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A1 % ¥ 2] (mm)
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i Actuator ¢

‘ Motor ‘ ‘ Torquemeters ‘ Bearingblo@‘ Hubbearing
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HE Zu) SR s e
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2% | 48 | w08 | % 20
&g | aws | 104 | 4 101
He | 542 | 128 160 33
# | s | 572 19
2= | w08% | 26 | 5 | 54
ad | w8 | 62 1,646 342
HE ar | 0 1 00
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CGEL2> A9 A5 FAdR e B 54

Soil Texture A Z
42 AY
S SL, SiL, L SiCL.  CL SiC C T
1 5 2 6 2 4 1 21
A -
4.8 (238 (95 (286) (95 (19.0) (4.8 (100)
1 7 1 5 1 1 16
A - -
6.3) 438 (63 (L3 (63 (6.3 (100)
Ay ] 3 i 5 1 ] ) ) 9
(33.3) (55.6) (11.1) (100)
10 10 14 34
:ﬂ_i 73) )=] _ — - —_ -
v N (29.4)  (294) (41.2) (100)
] 13 1 3 1 18
4 - - - -
72.2) (5.6 (16.7) (G.6)  (100)
o 1 7 6 2 1 2 19
il - -
G.3) (368 (316 (10.5) G.3) (105 (100)
e ) 1 2 7 1 2 2 ) 15
°r 6.7 (133 467 6.7 (133 (13.3 (100)

¥ S ALE, SL : AFYE, SIL - HAME JE, L @ 4E, SiCL : HAME A YE,

CL : AYE, SiIC: vAd A&, C: AE

W13, EEL4E 9o ¥9 0YS 5o AT 1F FAUAe] B B4 NEE
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807) Aol MFES FEZ Ueue. ol A&¥ T% 34 @ 34 A4z A%
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S SL SiL L SiCL CL SiC C <!

4

2=
T

w
—~
(o]

20 43 4 6 1 132
2.3 (34.9) (15.2) (32.6) (3.00 (6.8 (4.6) 0.8 (100)
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3 =
(th) 191.3& Soil-bindl| o] FE&X& F2lsld HA 1Y, 1 o] 2 pipeel] Disc
Harrows 723t EHE o] &3t A3 AY71& F53te HA o
(&) AT o]FAA o] FAV FHT BY 4% Channele] @ +% &
o ¥ FZtells 19149k 2ol 8AX FZ(390 * 190 * 190 [mmDe] AHNE E=
[e]
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