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3 26. AlA 2 DAS Al

EIRcS Specifications

MW_B_5000N_PCM16; MANNER

Model; Company, National Sensortelemetrie, Germany

TorPL;I(;gleter Measuring range, Nm -5,000 ~ 5,000
d Maximum speed, rpm 2,000
Accuracy, % 0.10
Model; Company, National Duro; Swift Navigation, USA
GPS Velocity accuracy, m/s 0.03 (rms)
Time accuracy, ns 60 (rms)
Max velocity, m/s 515
. . Q.brixx_A107; Gantner Instruments,
Model; Company, National Austria
DAQ Maximum module 16
Analog Input 4
Sampling rate, Hz 10,000

DAS
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Front-End

Loader '
Data Acqu:smou System PTO Torque meter A Edible n'mc hax\fmc:".
a9 48, ST 78 FoAS A AlaE A 9 dE
- ESF FEAE S Fotd ASFE 55 doly 24 ¢ dlo]E o] 3}

* ESFF T FA 84 T 7lof&Mlold B 2ol HFH(Contact) S F3 FIHE
A= 249 Z=%H7IE 98] Load Distribution Counting®] 213 38]& %3]
35 A 4% ¥ (Load Duration Distribution, LDD) T3

* EGFF T F4 % 71o&MAHE AL UmA 2459 FERIE
ME NS ﬂ%‘%(Ramﬂow Counting, RFC)9] 21&H2E §slo] Fal ~HEF] F=

x 7]ojuk 2o Tt ohg ) o] 4800 At R A4

% 8 (hr/day) * 30 (day/year) * 10 (year) * 2 (double cropping) = 4,800 hr

revoluiion, rpan

100

i)
T T T T T T T Bl

e ——————
G

N

[P T

[T

i i d A L i

&

-3

] 18 1 £l i # L]
e
a. PTO -3} dle]H b. RFCE &3l 753+ £ 8 Fo} 2#ed]

9 49, £S5 58 HaAE AY dolE 24
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X271 25T TIPS T8 753 LDD

Load level Torque, Nm Speed, RPM Duration, hr Frequency, %
1 334 11715 219.3 4.6
2 42.0 1170.2 2367.9 49.3
3 56.9 1170.5 1394.8 27.1
4 70.7 1170.2 636.0 13.3
5 86.0 1169.6 144.5 3.0
6 99.6 1171.2 26.9 0.6
7 116.8 11709 5.3 0.1
3 131.7 1171.6 5.3 0.1
Sum 4,800 100.0

O E&549 Eg37 EAS w3 o]t a4 (DEM) 22 7
g7 EA =4S 5 =559 macro-parameter 74 9]
3

A4, A7 5 macro-parameter =74

3t macro-parameter =7

¥ 28. E=5F =7]9 ES429 macro-parameter> specimen: 40

Macro-parameter Average Standard deviation
EE&TT =719 4o], mm 1553 120.50
node®] Z o] mm 14 -
inter node®] Z ], mm 180 -
node®] ©7, mm 26.28 2.55
node® &7, mm 28.23 3.64
inter node®] ©7, mm 18.25 1.36
inter node®] 7, mm 19.62 1.74
EETT AT A7, mm 25.24 1.99
554 T A4, mm 35.70 2.10
5T ottt A4, mm 38.19 2.77
FESTTe TH, g 139.90 21.12
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a28

stem length, mm 8 &% stem length mm 3213
AN E= A =2

wa EE 1551 | = HF 151
| n% pm 1205 0F fm 1%
" {n =] N Lt
5. %% aen |
= |
L1}
T
&0
$11]
a0
I
ol
"
5
]
[ R f./-.. S - T . . -d
1 D 0 M0 R0 el THe. B03  tei0 20m
dem length, mm stem length, mm
maize D1, mm @3 L maize D1, mm 8|=E1%
2= 7 2=
T i ye  2sa2] 2 U# 25|
/ :;l= »-"‘\-T;;?: 0E e
= |n 20| ud bad
v o, uel
[ B -
= /
o
=
-
=
x 5 F 3
s ®
5 /
> ] N SR a 3
maize D1, mm maize D, mm
717 51. Macro-parameter 574 HlolH o AFfAd &< 2 AF
— = = o - s .
FES s (Eze)e] Beld EA =48 £ E£2:59] micro-parameter 4 9|
x AFA Q¥ ELFF micro-parameter =S 9 EE AlY =7]9 ZAol: 70

# Wb A A E7I(UTM)E ©] &8 £S5
* WEs A BAFH7IUTM)E ©l 838 255 719 33 v Ad 3

* RHe A BAFZ(UTM) A8 4445 5E 10 mm/mine2 A4

—

¥

* 4=/ wd AP ] fste] de] A AA R Al

¥ 52, £E55F £7]9 compression test 3
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compression test results

5000
4500
4000
3500

g 2500
2 2000
1500
1000
500

0 2 4 6 8 10 12 14 16
Displacement, mm

1] 5 10 15 20
Displacment, mm



* S8 E£5599] macro-parameters ©]-83}o] o|2FQ AR HE O] shape parameter 2 7%
% O]k Q AR E 9] shape parameters ©]-83lo] £S5 o2t ard AA
¥ Fo5d ol avAe £ Ao WFont

A3k (bonding)dte] # Z(contact) 3} =
particle 2)

2 3+ micro-parameterS zHi= ) Apqk

= AA (particle 1 - particle 1 & particle 2 -

¥ ES P4 oAl Andle Zy] vy HWeko 2= A E2 thE micro-parameters 2=
o 7é %

T T . o]
R B
o

.
B
-4
L
L
&b
L 2
F o

Cuter
Radius

% 55, E5g o]k AR EO] shape parameterE &3l A 57 7] BE

¥ 29. Paricle 1 - pacticle 1 & paticle 2 - particle 2 3 < 2] bonding model parameter

Normal stiffness per unit area, N/m3 S5e+11
Shear stiffness per unit area, N/m3 2.5e+10
Normal strength, Pa 3.7e+08
Shear strength, Pa 3.7e+08
Bonded disk scale 1

¥ 30. Particle 1 - particle 2 55 A] bonding model parameter

Normal stiffness per unit area, N/m3 1e+11
Shear stiffness per unit area, N/m3 5e+10
Normal strength, Pa 3.7e+07
Shear strength, Pa 3.7e+07
Bonded disk scale 1

_48_



z = i
_/l ':' o _r/
r ] 4
¥ o 1 / 1
_ 7 |
o
- p— oo gh - ['—I___‘ o
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P il -
#
Displacement (mm) Displacement {mm)
(a) {b)

19 56, ojAt e Andol sts-AE % AA: (a) compression test (b) 3-point bending test

15 speed increaser

Universal joint Maize harvester gearbox

3% 31. Specification of bevel gear set

Items Drive Driven
Module, mm 3
Pressure angle, degree 20
Outer pitch diameter, mm 45 90
Number of teeth 15 30
Net face width, mm 25.8
Shaft angle, degree 90
Material SCM415
Quality 11 (AGMA)
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3% 32. Specification of spur gear set 1 and 2

Items

Spur gear set 1

Spur gear set 2

Drive Driven Drive Driven

Module, mm 3 3

Pressure angle, degree 20 20

Center distance, mm 87 78

Number of teeth 29 26
Tip diameter, mm 93 92.808 34 83.808

Pitch circle diameter, mm 87 78
Root diameter, mm 79.500 79.308 70.500 70.308

Face width, mm 20 20

Material SCM415
Quality 8 (ISO)
S2 S3
B3 BS
B4 B6
1
B2 B1
~ T X,
Sy T X
= T K.
X T X

S1




- ES5E FHAYS B AST Fa dolEE ol gdtel slold FrEHst 5

:
4
08‘:‘,

* LDD #3F 29 E &S Input(S1)oll 48 ste] 7]oje] F=H
% spur gear?] = 7= ISO 6336:20068 71HFo 2 =3
% bevel gear?] =¥ 7F= ANSI/AGMA 2003-B97<S 7]wtoe g 3

m o

x 7]o]o] w7t AR spur gear set 19] BEAASTI 7P v Yo AL ol

* JEJFAAT7E A de= olfE Fdst7] skl spur gear set 18] AT EE
(Face Load Distribution)3|4] & 48§38} o, -9 43t edge contacte] HAYgS &2l

% face load distributione T 4719 o] 28 Al&3sle] At
1. Bending based on Mindlin plate theory
2. Compression based on Timoshenko beam theory
3. Root rotation based on an empirical theory

4. Root shear based on an empirical theory

x Face load distribution®©] 7]o] 7% mx+= gaFe FxFoz2 Ietkstr] 959

face load factor(Kyy) 74t

% Face load factor(Kyy) A4t A3 edge contacto @ HAY3H= maximum load per

unit lengtht= Z ol ¢ 836 W= YEld

Doflootion Magnitude (um}

628.97

524.14

41931

314.48

208 .66

104 83

0.00

o

14 2t

il
ol

79 59. 710Uk 3D elah LDD 5 2HEHS o §4 slofuts ) WYY
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Roll distance. mm
b

Roll distance, mm
b

Face distance, mm

"~
e
>

5 10

5]
R
>
Es
s

12

4

14

Pinion

Face distance, mm

2 4 6 8 10

19 60. Spur gear set 19 4

12

14

Gear

16

16

16

18

20

20

)
Lis
Ly
L 16

:IS

LS| vl

Load per unit length, N/mm

a0

845
780
il H

650
i85
520
455
390
325

260
195
65
0

Load per unit length, N/mm

910
845
780
715

650
sS85
s20
458
190
125

260
195
130
(5]
L

k"

¥ 33. Load leveloll W& maximum load per unit length®} face load factor AXF A3}

Load level Maximum load per unit length, N/mm Face load factor(Kj)
1 335 8.36
2 395 8.04
3 491 7.66
4 575 7.40
5 664 718
6 740 7.03
7 832 6.82
3 910 6.62
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Safety factor

Gear
for contact stress for bending stress
Bevel gear set, pinion 1.60 1.72
Bevel gear set, gear 1.67 1.34
Spur gear set 1, pinion 1.02 2.59
Spur gear set 1, gear 1.02 2.56
Spur gear set 2, pinion 3.04 14.13
Spur gear set 2, gear 3.03 13.95

- F9 4 FHANRL Bal ASD Ral doHE olgalel o) £ a4 Fal
# LDD %8 29 =82 Input(SDl 9ol volge] +9 a4 +a
bearing®] 4% #14] £ ISO 2812 7lWkow S
e

A3, Output2(S2)ell #1213k o] F3&AB3&A) AN 71H4H =

# 353D 53} LDD 3t 29EAS F3) S5 woly 53 4 A

Bearing Life time, hr

51 Rolling bearing, Bl 32,177
Rolling bearing, B2 1.3etH

5o Rolling bearing, B3 2,503
Rolling bearing, B4 622

53 Rolling bearing, B5 47e+h
Rolling bearing, B6 58,963

54 Rolling bearing, B7 8.6e+9
Rolling bearing, B8 1.2e+7

¥ 36. 3D A7 DD 3 ~2HEHS B3 £E3 wojgd 8al= aF 4 A7)
Bearing Radial force, N Axial force, N
Rolling bearing, Bl 3,732 1,942
Rolling bearing, B2 2,968 916
Rolling bearing, B3 10,931 5,606
Rolling bearing, B4 19,650 7,657
Rolling bearing, B5 1,967 625
Rolling bearing, B6 4,546 625
Rolling bearing, B7 72 04
Rolling bearing, B8 646 0.4
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:3.91784

Particle Diameter(mm) : 2.19892
Contact Diameter(mm) : 2.63872
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2
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8
A
-
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T
©
¥

Contact Diameter(mm)

P3&P4
N

70 mm

10 mm
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Py ~ P3

M += Tangential axis bonding

a9 63 E5aa €71 oAt

250

200

Force (N)
S o
=] =]

h
=

<

** Normal axis bonding

(a) Side View

o®
......0.000'.

2 3 4 5 6 7
Displacement (mm)

e Simulation Test =UTM test

a9 64 4= Ay A Ay vja

1 2 3 4
Displacement (mm)
e Simulation Test -=UTM Test

a9 65, 33 W AlE A Bl
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E 3. S5 2218 TASE dAne 2g us
) P1-P1, P3-P3, P1-P4, P1-P3,
e P1-P2 P3-P4
P2-P2 P4-P4 P2-P3 P2-P4
Normal
stiffness per 3e+1l 2e+10 le+11 le+10 1 le+11
unit area, N/m3
Shear stiffness
per unit area, 3e+11 2e+10 le+11 le+10 1 le+11
N/m3
Normal
1.5e+07 3e+06 le+06 1le+08 1 le+10
strength, Pa
Shear
1.5e+07 3e+05 1e+06 1e+08 1 le+10
strength, Pa

-
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(a) Compression Test

=71 29

2ol

ol
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(b) 3-Point Bending Test
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2022, 07. 26.(57) T 28.(%)

1/\]

o

x
o
Mo
Ko

.er

Mass, g

18.16

Sub-stalk
Length, mm

115.85

Diameter, mm

13.29

Ear
Diameter_unde

Force, N

93.04

Angle(°)

19.12

Diameter_middl

Diameter

Mass, g

Length, mm

mm

46.08

upper, mm

18953 | 20869

|

|

| 4321

37.88

3})

12022, 08. 08.(4) ~ 09.(

1/\]

o

‘1oH

=
=

Mo
Ko
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%30 MU 54 54
o Sub_Stalk
Angle(®) Force, N Diameter, mm Length, mm Mass, g
30.02 72.88 15.87 113.72 23.05
Ear
Diameter_ Diameter_middl = Diameter_unde
Length, mm Mass, g
upper, mm e, mm r, mm
38.21 | 43.95 \ 76.71 \ 187.13 | 224.82

F HSEE 54 AR

¢ dA] 12022, 08. 22.(9) ~ 24.(%)

%
# gk A S5E F
%

=T T
5 295
E 40. =Y 54 =4
Sub-stalk
Angle(° F , N )
ngle(®) oree Diameter, mm Length, mm Mass, g
26.30 49.64 18.01 111.72 25.69

N
B
oy
N
B

E(node) 9t o]AF2 B Aol X| R, B4 o] RS flete] AR A




D T2N

w =3} A] Max Force

0.4 0.5 0.6 0.7

0.3

0.2

0.1

Time(s)

coju ) AlE g ol A Force 43

X%
=

k(3

a9 0.
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