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MTBF

R()

1.5

2164.5

1948.9

427

13.7

3.4

25449

2285.9

49.8

7.9

3.5

2886.0

2595.3

50.0

5.3

55

1625.8

1501.2

52.5

299

1.5

538.4

487.8

421

61.5

21

1081.8

958.1

46.2

322

3.5

2886.0

2595.3

50.0

5.3

154

1461.4

1412.5

55.4

21.2

1.3

671.3

623.1

40.3

473

1.8

2396.3

21349

445

11.7

2886.0

2595.3

50.0

, A E B x
AE Bate vlaste] CA= = UER.
B 0 MTBF R(t) 1
2.7 320.4 284.8 481 105.3
2.7 3204 284.8 481 105.3
26 1163.3 1032.8 47.9 31.0
26 1163.3 1032.8 47.9 31.0
26 1099.9 976.7 47.9 322
6.1 361.7 336.0 529 89.3
FraAE 1.8 1136.4 1010.7 44.5 29.9
FaAE 3.8 347.8 314.1 50.5 95.5
Al 7+E 2] A](20) 34 341.0 306.5 50.0 97.9
TUAE 13 1302.9 1201.9 40.7 24.2
frtAlE 26 1004.4 892.0 479 34.0
AT FUEERH 12 699.7 665.7 389 43
FdAE O (LAY 1.7 1000.2 892.2 439 33.7
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S0 st= AHEA Aldxd " 3 7= e B S8 AAE s 89

O 57179 et B, wal Aol Wy, On/Off M, feh T2, ftmee] oa A4
NRED D A NE N A A7 B9, 47 AASE, 47 BAR ohjet B 3
: 7 A

O ¥ R&D 43 st 4 A
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D R&D AF71el A ATHI BE pelAl, £Yste] AN 4NEEE wUHY
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Z4kd 170,198 185,642 211,268 238,389 11.9%
Az 149,811 164,637 190,258 213,389 12.5%
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(® Analog: 19.2 kHz, 24 bit / Digital : 1M pulses® H|o]E 43

® ZAE e Yot B4 Sa o xd Aol e 20§, 47 29 oy A2 e,
EalE) 28 249 WF £ AEE, PTO @59 42 e ¥4, EE 5744 98
o tjsk w4 z1a

& The power measurement system

Telemetry sensor
[ZC0EE  tachometer
'li:' strain gage
Telemetry

D;'M‘“W strain gage

Telemetry

pressure sensor

g : l pressure sensor
Rated power : 71 KW

|=' flow meter

. radar sensor

a3, EYE F8F F3 AS AzE

O a4

D 7} Do 2 FQ THAGHXY 20 T8 BA Ay o wsl gon, oy
29 B4 A3 F 20 FHE el wdy, A7), 99 o7 ek ZAdAM 7}t
 AA e

(51 kW)
a9 | 7Es 99 | Po® 8¢ | mzad ae

(BAdH)
354+51A

ST 25.6+4.7A1) 0.4+0.3A 5.8+1.3A 3.5+0.7A 5(47 5/ )
485+4.2B

ZEFA 8.6+3.6B 33.1:2.2B 3.8+0.9B 3.0+0.6B © %)
46.3+3.8B

w22 7.3+2.9B 27.4%3.0C 7442 6A 42421A © %)

20.7+3.7
GRS 6.0+3.1B 3.6+1.7D 7.7+31A 3.4+1.6A (2 - i/)c

YAverages with different superscript (A, B, C, D) in each row are significantly different at p<0.05 by Duncan’ s multiple range test.

@ Fo APE BE B4 A3 0 B9 gor, A% FF 20 BYS ORE ¥ A5
of b HUTHES Ae A A). B BF £UB £24E W) G
S uebsior], (R aul&e WY A9 > Feb e > 2HE e >33 A<

TO 2 LB
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¥ EFH 8 A9dE &8 79 &4
(91 kW)

A} = oly = = S0 Hzoo °,ﬂ7,<_]
A+ T35 49 PTO= T 1% Z4 AAGg)
e e hin 42.0+3.1A1) 72.843.1A 25.0+3.1A 25.0+3.1A 0.59+0.03A
ZEFAE 18.9+2.5B 759412 2A 75.9122A 19.1+2.5B 0.40+0.02B
Y 2 20.0+2.2B 74311 8A 74.3+1.8A 21.0+1.9B 0.65+0.03C
237 2+ 21.1+2.0B 76.84+3.5A 76.8435A 17.0+2.4B 0.43+0.01D

UAverages with different superscript (A, B, C, D) in each row are significantly different at p<0.05 by Duncan’ s multiple range test.

®

A H2 E o] 53 ALE & (%)

A T AR HE B4 2Y v a"d gon, A AA 29 div] Hd 5
AREES HlAE Aol 7P = dEbsteH, tiRE < A4 &9 tiv] 50~100%

o] Abg

H(EHE A AL,

200 100
177 2 Zete, RER A AIZH 2% 30%
o s, AE AYAZH bR
160 T 801
~ 63
Pwl gl
0 -
120 % 60 -
)
80 T 40f3s
~
=< 24 23
71
40T K207 10‘2
0 0 -
Eetede =REl2[FdE dge gy ¥ Ay 0~50 50~100 100 150 150~200
E2iE] &g AR E4 &9 oy 52 ALRE(%)
- - W =cedz 2Ele| A2
I Aol $2 AR R 37 53 AEE m ela el m Ao
2% EdE A48 59 g vlg 24
T2 Ao AT AFE ¥ 1HI Fo QA Rl B Ay o gy gon
Hat A A8 w92 A9 54%0lH T8 UHFI PTOFAAN 22 39%% 714
A ER
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BERY

(3.4kW, 8%)

(87 £212 54%)

o E

PTOS
(15.7kW, 39%)
I3, E¥H F8 94 R 24
©® PTO Wi Haof ¥4 A3 ths a9 gow, widy 24 Al tiFe] 28 F¥o]
A7 &9 ] 50~75%° FE=HUTh w=F 50~75% T4 PTO 2%ko] PTO 1
wholl Hl3) o A e,
- Total operation time : 68 sec
= PTO speed level 1
PTO speed level 2
80 =
c\° 59.7
] 60 B RN
o)
=
g I
Z 40 s
20.8
20 §16.3 14.4 [0
, L2l BB . BN | 040
Less than 25 25~50 50~75 75~100 Greater than 100
Ratio of measured engine power to rated engine power, %
2%, EdH PTO w58 R 24
® 249 4% $a1% olgao] AFE el BE Farh 71 D HEe) o] wA
G T B4 2 PHe o a9 2ok 2HY A Wde 49 A PTO %2 v
Wow Saysteln
| g
§ PTO 1
»\\WWW&’A g PTO 2
— Severeness "
[Torque signal] [Torque spectrum] [Severeness]
PTO torque L Relative
oad spectrum
measurement severeness
car uBizoan
NS adttoz ghat
| I ENET T cydle ’
[~ RTs 3
2 e e S W v
“‘v/\_"hﬂ N 3” & =N,
Y \ ] ' "Number of cycles

T,= ,f(i_,, +t ),

[ Rainflow counting ] [ Smith-Waltson-Topper 1 [ S-N curve ] [ Modified Miner’s rule 1
19, PTO % 7F5 = 24 U4
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@ PTO = 7I5 24 A¥e ths I8 Zor, 59

5% 4EE Z7KE0H, PTO 45 %

AAoz 2 o] PTO Feol #]A|

L —

- T

AT Tl

P
= 1 = AEE

PTO 3|A&EE7} W&
7V pEEe ¥ & A4S v =g A
3t 7FE o A e

=]

: 21 [2ER|IHR] : 21 L EEEEN
. == | i
"E' g g = ylj: E H i — am
g‘:: 11 § . ':,.“ " Eé 11 ; :_t . Ton
i iR i . W
B 01 ﬁ= : 0.1 '-;\
104 . 10 107 10% 104 1 107 10°
Number of cycles Number of cycles
PR 63 | ¥ e R
g o %ﬁuusn b 256 201 ; 1 - TR
o oue 495 ] 2 e ST
H un L I | ProvLasm 231 15 4950 £31 £ . _U_L'_T_nm.:uﬂ;—‘n N8 3 45 201
! ) er:lt\r:ﬂ‘rrenus ‘ ' ! Rellnu:ﬂnreuru ) )
ER [#H&7Rzul2] . EEEETEY
:": —=e— Rotary at LIP1 ; . ' ~—e— Rotary at L
= _ + —#— Baler ai MIPL % $ -3 —#— Baler at L4F
% :57 11 : p S % 11 = s
é%n.s ’ T :- :=§D.6 .-..
E o T T - P
104 10° 10° 107 w |~ 10t 10% 10¢ 107
G Number of cycles & Number of cycles
2 o E L —
2 s, I ¥ =
o 1 2 3 0 1 2
Relative severeness Relative severeness
a9, PTO & 7HE% &4 A%
O o i = OE /A AZYAZRE 2A T2 F/A9 /9 AAE Fo
3 ARl
O =4 F& sA7IA% #48 EFH, Full, old7I=Z F 378 7IFl ekl 79 A=
ge] Fo F5 1470 37 7= vhde flske] = diaE] svIAAE dAIRSH
Fo RE A 2 ABHL.
£ 5dE EQE f Azde] 28 RF ALY
S71A |A T T8 559 AL
o HE A F7F:18 L Hoh 4 : 180 bar
caE A T T o 4= : 840 bar
E
= - -
HST A % 48 L, Ao &4¥ : 343 bar
24 H<9F On/Off WE Hd 44 : 160 bar, H 7 : 16 L/min
STH7IA ek HE Holl 747 : 34 L, o ¥ : 180 bar
cuE B LS Hd 44 : 1120 bar
E
== - -
HST Ao 7 ¢ 74L, HH 49 - 350 bar
% On/Off WE Ao 4= : 175 bar, H) 7% : 45 L/min

_38_



Jo
jined
o,
(&

Ao %42 L Ho 4= : 210 bar

4 52 Aol ¥ : 1120 bar
EYH C
HST A 106 L, A 4= : 350 bar
% On/Off ¥R o ¥ : 175 bar, HW 7% : 45 L/min
freb B Ho £ : 53 L, Hdl 942 : 230 bar
EZE D o T2 o) 4= : 1120 bar
HST 3
¢t On/Off B Ao} 49 : 230 bar, Hd) F3F : 70 L/min
ok H= Hol 77 : 68 L, H 942 : 250 bar
T T~ Ao = : 1120 bar
EFH E
HST 3
¢t On/Off W8 Hof o9 : 315 bar, H % : 90 L/min
Fretml Ao B 2~30 bar, ¥ -20~120%
3 HZ(7]014) 10~20 cc/rev, W& -20~120%
LS EdH o o) 3 IE | =
RS BAVA 1 Ayl - I~
aes 00nHE ) Y HZ(Axial I 2F) 45 cc/rev, HE -20~120%
9t 3 50~250 bar, Y& 200%= ©]3}
HST ~45 cc/rev, W& 20~120%, && : 70~80%
o 7k
oo W A 7% : 34 oc/rev * 21 cc/rev
Hof 44 ;210 kgf/em?
e &2 o <t : 840 kgf/cm?
53 EYE A F% : 424 cc/rev
HST .
Hdl 49 : 38010 kgf/cm?
oly]
fekula Aol AT ¢80 LPM
Hdl FF : 195+10 kgf/cm?
. FHQ1Y g A" T8 BE Y
L= 74
A e #8 %57 A%
AA
o H= A ¢ : 195 L, A ¢+ : 225 bar
=A T =yl T T2 Ao k4 : 1120 bar
4 I HST Ao 5% 126 L, o) 4 : 372 bar
A= Hd 4= : 176 bar, AWl 7% : 20 L/min
IS JEZ| Full %+ ON/OFF W B A AL <= 210 bar, WE -20~120%
6oL o < H F%F : 5 cc/rev * 3 cc/rev
4 H=
Aol &9 : 230 kef/cm?
o gk
: 4
UEE | Zurel HST At 7 2 45 ce/rev
Ao 949 . 380+10 kgf/cm?
Z olyd .
aorug Aol L _ A 49 : 125 LPM
Hd F%F : 15510 kgf/cm?
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s71A
e T2 8 REY A
T T Ho % : 136 L, A 49 : 210 bar
=A S5 o031 Y 52 ol 44 : 260 bar
1A ° HST Ho F3F : 215 cc/rev, HO A4 : 180 bar
<9t ON/OFF B8 Hof o9 : 110 bar, Hi {3 : 12 L/min
IS JEE| o]y $<t ON/OFF B Ao} A& +E 210 bar, WY 20~120%
A ok .
ool W= ‘-'JEH % 4.5 cc/rev
Hol 49 : 210 kgf/em®
NE A5 Al 4 ;242 kgf/em?
UEEY | ol f 52 . gf/cm
Ha v 9 ¢ 772 kgf/em?®
HST A F5% : 23 oc/rev
Aol 49 200 kgf/om® (B2 9FH)
[Double type]
1 pump ) 3 : 346 cn/rev
e HE Hdl 44 : 20.6 Mpa
= o ZF . 3
shalolel | o)) 2 pump Hoh & : 1.66 cn/rev
FHof 44 : 20.6 Mpa
o T2 AHE 9 1 225 Mpa
ST ] A F% : 215 cm"/ﬂrev
Hdl +E : 17.7 Mpa, €82 : 18 Mpa

7 AT B 57N E A S A
(1) 59717 3F A, Fulel, oDl 2 RS PZ, 9 On/Off MWH F 474 7
RE B AN B A% A A

—

o
(2) 47 3F(EGHE, FHIRl, old7D o 2+ FE, 49 On/Off BB F 478 <]
_]

i
H
19 5w Ay R A9

&
o
2
=
o
2
i}
o,
>~

(3) A F=5 5 12pdE AHA AEe AAE 79 A" Y F5 T 470l ek
A

B} AE

N

|
(4) 71= s471A A=48 B7 7153 A Fatel wE A=A 7t 7
L e 714 MLS AEE, e, sdart, =AFL7IAD

[¢]
() 57} 231 olgste] AEy B7} 713 WE & U5 S T2 U/ 3F(=

HE, FHRL, oldvDol A Al wAshs A Fof Al
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o} 1] BT o)

(2) A7IA 3F(EEH, Fril

o Wy $E AH 2L A

(3) FA7IA 3F(EHE, Fril

o tist AFA Hrlo o|&ZF W E g 2=

(4) 7ol 7| ORFE W F7A 3% (2L, Fujql, o]
=970l 57 ot AT

o]
=

o7k sk ARt

FRNA, FFRD AN A F F3
W fSF ALY Y RE 24
Colg el Yt 2k #SF BE, #<F On/Off W1 F 47
NG P 5 AA T
C o7 el v 7k fF BE, H9F On/Off WB F 47)
PNE A9 g ol g3t

EIAEE O] fgAsY G4 RE 52
dics =Y At H] 31
Ed] EXTEES

L 45 cc/rev, WE-20~120% IS JES
(90 ") (Axial ¥]2=FE)
Z o ar . *
=ujol ool W ﬂq]_‘rro : 5 cc/rev * 3 cc/rev, o=z
Ao o= ¢ 230 kgf/em?
EE Fr On/Off S o . = A
B 5 . = o gk . i
(3060 vk W Ho) 4= : 175 bar, HU FF : 45 L/min -
=HR], % On/Off . _
o]a] mn Ao A8 ¢+= 210 bar, WE -20~120% IS JEE
1-3-2. 273 %
7t FHAT7 B CEAT=A LS A )
(D 54714 3F(EGH, Friel, o|¢7D e z} vlgAlol ¥y, HST F 571 % &l o
EE R R b o= S R T B s = |
(2) A7IA 3F(EGH, Frkl, o|7D 9 Z} vlgAlol ¥y, HST F 571 % ol o
& A=Y Al F3 9 AR SR AY
(3) A F5 F 2xpdE A Alds BT F AR @A HE F 57l thetko]
A5k ek AA
(4) 71 sQ71A A=A B2 713 2 Fetel mhE A 7 V3 vl Al
L ol ZI9(LS AEE, dEsd, sd=A FASEAD
(1) &7F FstE olgsto] A B7F 7es vE F AEE: =4 F8 w97 3F(E
HE], Fulsl, o] ol & Al BAsE #Y F-oF AT
g7 (FE s
(1) & 74 LS AEZ, s, FATHVIA, sFED oA Adbst= 2 F471A
At 9l 2 AvAF ERo] W2 #oF AlAE A FE AL
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(2) TQ71A 3F(EFE, v, 01%71)01] st zF njg Aoy, HST & 5702 a4 ¥
E /HZ% U] /\]ﬂ}d /\]64 H]—tsk 1]74] ?-__,5-14

(3) 54714 3F(EHH, F1kel, 01%71)01] st 7 vl Aoy HST & 57l ot Al
A4 Brkel ol 2d WHE Y 3

(4) Fe] V| omRE W FAY|A 3% (G, Fupel, o]y Al $ak2 o] 3t
57b ek AR B Fe el S ek A

E 22045 57 A sE Y BE 55

71E FE8 AL H| 31
EZE SRLIE]

00 el - 2~30 bar, Y& -20~120% IS JEE
el frebale Hof 49 : 125 PV, I
ST Ao 2. Hdl 7% : 155+10 kgf/cm® °°
EdE = A
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A8 S8 1l AFA SR A9

(3) Al FE F 3AAE G AFES ABS FoF AAHe A P35 T 570 disto]
A sh RE A A

(4) 715 s71A A=A B7F 7153 2] Fotel whE AFA B2 713 vl Al
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A71A 3F(EGH, F1]l, o]¢7]e) sAdFeE & 78k ALt

O A5 Fai7h dAs Farb obd A7|ef $27F & Foprh dA&eA #gske A+
UG Fobrt Agoke A wdd dTFE A =S sh] flste] el A7)8 S5
7H FekE grefjoR 9

O olme] ¥t skt s, S7Htete] A48 S5 o7F St 9k

O A5 A4 Hef vol"HE 2 ()& ol&3dto] T7HtstE Wk aFglom dnbAel ¢y,
stz oJd AEHA RS oeRPES AR, dnbAow FAAIAY SEHE
z2b= S1dA delA e A5 EEe A4l A= 82 AR (W.Nelson, “Accelerated

Testing; Statistical models, test plans, and data analysis” , Wiley, 1990) .
O B Ao S0 488 915t TRARIN ASe 44 dole] WelE U
871 5 AFACE e 7F Wl gkl Sl ¥akeh SA%EY B#e 4% P, nge

7

stal Zb AAME S RbellA ZF 870 ®iele] st WO viES bl shod, A (Dl

uel F TR e P AYE Sohvae 3
: ]
T} teeecccttcescsecccctcatcasrasasasannnnenns A
Where, P, = equivalent load of each working (bar)

h; = ratio of relevant frequency at entire frequency
P, = load of each range (bar)

A = Exponent of inverse power model (const : 8)

O A (@)% Zo] AAIAEE W7 3telM 27 87) Wole] SSE wANE vE
gt sto] 2 ()l "Yd & 7R n,E A9E A Sxeta

tlo
>



:—anp)‘ ..........................................

Where, n, = Equlvalent rotation speed (rpm)
P, = Equivalent load of each working (bar)
J; = Ratio of relevant frequency at entire frequency
n; = Rotation speed of each range (rpm)

P, = Load of each range (bar)

A = Exponent of inverse power model (const : 8)

O #e8 S7hest 2 57b 84 S8 90 o 79 5 A% S4vs 2 4
FE] A A (3) W AEW APER T 7 ALY S 5

N

P2t P et S0t A AR AlZolv, ¢ A9 QLG AR
v gk,

1o

A A A v\~

_ Pt +Poty+ Phty+ ... + P\
‘ t by ity t . +t
Where, P, = Equivalent load (bar)

t; = Annual using time of each working (hour)

P, = Equivalent load of each working (bar)

A = Exponent of inverse power model (const : 8)

Peﬁneltl—f-P?n 2t2+P3n N L +Pin_t,
e ( P, j
Where, n, = Equivalent rotation speed (rpm)
P, = Equivalent load of each working (bar)
n,; = Rotation speed of each working (rpm)
t; = Annual using time of each working (hour)
P, = Equivalent load (bar)

t, = Total using time (hour)

A = Exponent of inverse power model (const : 8)
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@b

i

@ Ak gl kg F7h Ha) At
h

A7) 2 Al M Z9A4 Main pressure®] AA dlo|ElE 877t ®E Y W
i o Eeol o] yERow, 177kA] "ol 47F AL 72.05% % 71 Eol
2 US4 F Us. TS U 5T SIS EE ALkt A3 ofg] ®el 7ol F

7HE3H= 53.86 bar, 57} 3 AL EE 1418.15 rpm o2 UERGES-

o

3. A7] M2 High &7 Main pressure®] 73t # o+g #H9 9 /M

i o W9l (bar) dlolE <
1 0~ 1724 32617
2 17.24 ~ 30.97 11722
3 30.97 ~ 44.70 129

4 4470 ~ 58.43 142

5 5843 ~ 7216 261

6 72.16 ~ 85.89 173

7 85.89 ~ 99.62 145

8 99.62 ~ 113.36 83

. A7] M2 High 2% Main pressure®] S7Hitst B 571 34 &= A4 34 9 23

? h; P, fi n; h’iPiS f iniPiS
1 0.561 9.24 1118.02 0.721 2.98E+07 4.28E+10
2 0.419 20.73 2324 .33 0.259 1.43E+10 2.05E+13
3 0.003 36.48 1402.57 0.003 8.74E+09 1.23E+13
4 0.003 5211 1379.68 0.003 1.64E+11 2.33E+14
5 0.004 67.14 1059.19 0.006 1.76E+12 2.54E+15
6 0.003 79.14 1182.73 0.004 4 84E+12 6.92E+15
7 0.004 92.03 1807.38 0.003 2.07E+13 2.98E+16
8 0.003 104.82 2326.34 0.002 4.33E+13 6.10E+16
SUM 1 1 7.09E+13 1.01E+17
P, 53.86
n, 141815
W A7l 2 Al M3 Low Z7o|A Main pressurel A Hol8 & 87702 Yir H

e okl EoF Zol yeRod, 177k A doly 47F dAe] 69.23%= 717 wol
2 S & F s TS 9 5T SIS EE At A3 ofg] ®el ol F

7HE5k= 54.98 bar, 571 3|3 45+ 1678.59 rpm O E UEFGS.
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3. A7) M3 Low 27 Main pressure®] 73 ¥ ¢t He 9 7
i e He (bar) dloly
1 0~ 1825 44793
2 18.25 ~ 3291 18475
3 3291 ~ 47.57 216
4 4757 ~ 62.23 294
5 62.23 ~ 76.89 285
6 76.89 ~ 91.55 334
7 91.55 ~ 106.20 250
8 106.20 ~ 120.86 53
3. A7) M3 Low %7 Main pressure®| s7F573t 51 571 3 S5 A4 34 51 A3
i h, P, Ji i hiP; P,
1 0.588 11.44 0.692 1425.62 1.72E+08 2.90E+11
2 0.390 19.43 0.286 2292.59 7.92E+09 1.33E+13
3 0.003 41.64 0.003 1454.77 2.62E+10 4.34E+13
4 0.003 56.31 0.005 1223.8 3.35E+11 5.57E+14
5 0.004 67.7 0.004 1423.6 1.65E+12 2.76E+15
6 0.006 85.6 0.005 2070.91 1.84E+13 3.10E+16
7 0.005 97.07 0.004 2226.18 4.04E+13 6.84E+16
8 0.001 109.64 0.001 2208.64 2.25E+13 3.69E+16
SUM 1 1 8.33E+13 1.40E+17
P, 54.9
n, 1678.59

© ZEekg] 29 A] L3 Highpl ZAA Main pressure?] @A Holg & 87-7tC % i
W= ofgl %} o] YebeH, 1537k A HolE #7F dAe] 92.40%= 7H8 &

o & ek B @ 571 8

o] &1

o]o o
MAE =

AT E
ﬁ’i?vl—a

ARt dat ofel 3o} ol

S7HE8H= 70.62 bar, 571 A X+ 2070.55 rpm S E YERGTH

3#. ZEhg] L3 Highpl Main pressure®] 73 8 o8 He 2 7|5

i 4 4 (bar) dlolE
1 0 ~ 22.06 15751
2 22,06 ~ 39.12 324

3 39.12 ~ 56.17 345

4 56.17 ~ 73.23 293

5 73.23 ~ 90.29 117

6 90.29 ~ 107.34 91

7 107.34 ~ 124.40 44

8 12440 ~ 14145 81
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. ZEebg] L3 Highpl Main pressure?] S71533s 9 571 3|4 &= A4t 34 2 Ax

? h; P, fi n; hi})is ini})f
1 0.929 17.40 0.924 2064.38 7.80E+09 1.60E+13
2 0.020 30.88 0.019 2111.38 1.62E+10 3.32E+13
3 0.017 49.96 0.020 1728.26 6.61E+11 1.36E+15
4 0.012 60.37 0.017 1437.86 2.12FE+12 4.36E+15
5 0.008 80.09 0.007 2394.56 1.35E+13 2.80E+16
6 0.006 96.31 0.005 2269.87 4 37E+13 8.91E+16
7 0.003 118.57 0.003 2429.23 1.19E+14 247E+17
8 0.006 129.30 0.005 2429.98 4.39E+14 9.11E+17
SUM 1 1 6.19E+14 1.28E+18
P, 70.62
n, 2070.44

© ZEeh 24 Al L3 Highp2 Z7Al4 Main pressure? A Ho|HE 877102 Y-
WA= obg xeb o]l Yver o, 157kl dlolE =7 Ao 97.72%= 7 W
o] Ee] o= ¢ F AU FUHFSE ¥ Ut SRS AAkst A3 o) 19} o)

1.

S7H+38k= 61.26 bar, 57F 3|1 S5+ 1950.52 rpmOE YERES.

#. 2¥d L3 Highp2 Main pressure®] 73+ ¥ 49 9 2 7
{ *e H9 (bar) glely
1 0~ 2238 17716
2 22.38 ~ 38.12 15
3 38.12 ~ 53.87 159
4 53.87 ~ 69.61 159
5 69.61 ~ 85.36 31
6 85.36 ~ 101.11 9
7 101.11 ~ 116.85 5
8 116.85 ~ 132.60 35
¥. 2EY L3 Highp2 Main pressure®] &7Hitst 2 571 3d &5 A4 34 2 A7
i h, P, Ji n; P, finP;
1 0.985 16.87 0.977 1990.36 6.46E+09 1.28E+13
2 0.001 29.92 0.001 178291 4.81E+08 9.16E+11
3 0.004 51.46 0.009 923.19 2.02E+11 4.00E+14
4 0.005 59.83 0.009 1136.57 8.29E+11 1.64E+15
5 0.002 74.76 0.002 2043.19 1.72E+12 3.39E+15
6 0.001 91.36 0.001 2433.44 2.97E+12 5.91E+15
7 0.000 106.29 0.000 2431.60 5.53E+12 1.19E+16
8 0.002 129.40 0.002 243454 1.87E+14 3.64E+17
SUM 1 1 1.98E+14 3.87E+17
P, 61.26
n, 1950.52
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b

ZEHg] 299 A] L3 Lowpl

Z70)4 Main pressure?] A HolE =

§T7O R e

Ho)= ol 3o} o] yehgtor, 277kl A dolE 47 AA9 89.94%% 7MW

O~
% %

o &¢ 3l

Soprahs 3

o o]
= 2%

X3
9

19 bar, 571 3 HE=

. s/Hrsk Bl 57t 3

A= =
AEEE

|abet Aot of 3ol o
2,203.24 rpmO. = YEFLS.
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i 4e M9 (bar) tlolg
1 0~ 16.04 2434
2 16,04 ~ 2561 16136
3 25.61 ~ 35.18 16
4 3518 ~ 44.75 24
5 4475 ~ 54.32 60
6 54.32 ~ 63.88 223
7 63.88 ~ 73.45 70
8 7345 ~ 83.02 35
#. 282 L3 Lowpl Main pressure®| S7F7st B 57} 3|4 &= AL 34 9 A
[ h; P, fi n; h, P} fn.Pe
1 0056 7.9 0.128 97558 9.05E+05 2 01E+09
2 0926 2071 0.849 242663 3.13E+10 6.98E+13
3 0.001 3075 0.001 223841 6.79E+08 143E+12
4 0.001 4004 0001 178550 6.71E+09 153E+13
5 0.002 5114 0003 1497.05 9.94E+10 224E+14
6 0.009 5732 0012 1674.29 1.03E+12 228E+15
7 0003 68.70 0.004 2053.01 169E+12 3.77E+15
8 0.002 78.13 0.002 2354.89 271E+12 5.80E+15
SUM 1 1 5.56E+12 1.22E+16
P 39.19
n, 2203.24
Hﬂ%l*é‘sé otel 19 Z7elA Wiy #<9] Al Main pressure®] A dlo]EleA] 831
2 e Wl obl w9t o] vekdkon, 17314 dolEl ) A1) 94.40%
2 7 ®ol =9 Ses & o oslon, 19Y xxelx wldeE 2%l Al Main
pressured] S7RREHE S7b HA SRS ALE A okl meh ol bR
112.15 bar, 57} 3|d X+ 2,286.01 rpm o Z WEFE



F. MY E 9k 19 Main pressure®] 77H & oFE Wel 2 A5
l 4= H (bar) blolEl %
1 0 ~ 2668 7603
2 2668 ~ 46.85 5
3 4685 ~ 67.03 1
4 67.03 ~ 87.20 4
5 87.20 ~ 107.38 4
6 107.38 ~ 127.55 11
7 12755 ~ 147.72 68
8 147.72 ~ 167.90 358
3. oMYA Y b 19 Main pressured] S7HE3t 9 571 3 &5 AL 33 F A3
, 8 8
[ h; P i n, h.P; b
1 0.941 18.20 0.944 2282.25 1.13E+10 2.59E+13
2 0.001 31.52 0.001 2426.20 6.43E+08 1.42E+12
3 0.000 49.99 0.000 2426.00 5.11E+09 9.46E+12
4 0.001 82.34 0.001 2431.00 1.12E+12 2.57E+15
5 0.001 105.44 0.001 2394.25 7.94E+12 1.83E+16
6 0.001 114.33 0.001 2393.45 417E+13 9.78E+16
7 0.009 142.44 0.008 2417.76 1.51E+15 3.44E+18
8 0.047 163.16 0.044 2405.41 2.35E+16 5.36E+19
SUM 1 1 2.50E+16 5.72E+19
P, 11215
n, 2286.01
WA oy 2vk 7oA #de &4 Al Main pressure®] x| doJEjoA 8531
O % thre Wl obdl ®of o] yEhgon, 193t A dlolel 7F AAC] 94.74%
2 7wl =d Ses & 7 en, 29y xHelM widel A Al Main
pressure?] S7HEsEel S7F 3| HEE AL AR ol ol #o] SISk
112.31 bar, 57F 3|4 &%+ 2,120.01 rpmS= e
F. WYA8E 9FE 29 Main pressure®] 73F ¥ 4 W9 9 A5
i o M9 (bar) tlelgy
1 0 ~ 2651 9322
2 26.51 ~ 46.64 4
3 46.64 ~ 66.77 2
4 66.77 ~ 86.90 2
5 86.90 ~ 107.02 22
6 107.02 ~ 12715 3
7 12715 ~ 147.28 15
8 147.28 ~ 167.41 470
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. YA E ¥ 29 Main pressure?] 57HE3F 2 57 A &= AL B4 9 A9

? h; P, fi n; hi})is z’niPi8
1 0.942 16.46 0.947 2107.97 5.08E+09 1.08E+13
2 0.000 31.74 0.000 2303.50 4 57E+08 949E+11
3 0.000 58.01 0.000 2303.50 2.84E+10 591E+13
4 0.000 81.81 0.000 2320.00 445E+11 9.31E+14
5 0.002 99.41 0.002 2292.27 2.31E+13 4 81E+16
6 0.000 114.09 0.000 2307.00 9.48E+12 1.99E+16
7 0.002 143.57 0.002 2340.00 3.04E+14 6.34E+17
8 0.052 162.22 0.048 2310.84 2.50E+16 5.30E+19
SUM 1 1 2.53E+16 5.37E+19
P, 11231

n, 2120.01

Z70o] 9™ Main pressurel] A dolgo|A 87702 Uir

el o™, 3 2k¢] Al Main pressure® S7Mskel 57F

ol

I FEE AR Ay ofl) el o] S7HF8hs 115.56 bar, s7F A S
898.28 rpmO. & EFGS-.
E. 12 #32Y Main pressured] 3F R b W H A5
i = 89 (bar) tlely
1 0 ~ 33.72 268
2 33.72 ~ 50.46 155
3 50.46 ~ 67.20 315
4 67.20 ~ 83.94 2530
5 83.94 ~ 100.68 3081
6 100.68 ~ 117.42 129
7 11742 ~ 13415 223
8 134.15 ~ 150.89 1076
3. 14 #3324 Main pressure®] F7HEsE 9 57F 3 L& AL A 8 A
i h; B, fi n; B, finB;
1 0.035 1948 0.035 924.25 7.35E+08 6.61E+11
2 0.020 4494 0.020 905.43 3.34E+11 3.00E+14
3 0.041 59.79 0.041 900.08 6.63E+12 5.95E+15
4 0.329 77.63 0.325 908.48 4.34E+14 3.90E+17
5 0.393 91.40 0.396 891.21 1.91E+15 1.72E+18
6 0.016 108.69 0.017 882.50 3.18E+14 2.85E+17
7 0.028 125.77 0.029 886.50 1.77E+15 1.59E+18
8 0.137 145.35 0.138 891.23 2.74E+16 246E+19
SUM 1 1 3.18E+16 2.86E+19
P, 11556
n, 898.28
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2RA S8 A4]1e] Main pressure®] AA HoJE[oA 87t ® Ui W9l ofdl &
ol yehkor, g Q] Al Main pressure®] S7Hskel S B £S5 7

Abgt A ope] 38} 2ol sUHskE 126.20 bar, 57F 3 £EE 944.06 rpm e

2 Uebd
3. 22k #F Y Main pressure?] 77 E ¢ WY F A5

i #E B9 (bar) doly

1 0 ~ 3414 660

2 3414 ~ 5105 307

3 51.05 ~ 67.96 598

4 67.96 ~ 84.87 183

5 84.87 ~ 101.78 39

6 10178 ~ 118.69 67

7 118.69 ~ 135.61 136

8 135.61 ~ 152.52 580

#. 22k #3329 Main pressure®] S7HEsH 9 57 3d £x A4k #A F A
i h; P, /i n; h.P; foB;
1 0.247 18.41 0.257 908.85 3.26E+09 3.08E+12
2 0.114 47.38 0.120 900.06 2.89E+12 2.73E+15
3 0.226 58.98 0.233 918.13 3.31E+13 3.13E+16
4 0.067 72.03 0.071 892.73 4.88E+13 4.61E+16
5 0.015 93.20 0.015 931.85 8.53E+13 8.06E+16
6 0.025 112.96 0.026 896.97 6.57E+14 6.21E+17
7 0.050 126.11 0.053 887.66 3.18E+15 3.00E+18
8 0.256 148.47 0.226 1069.01 6.03E+16 5.70E+19
SUM 1 1 6.44E+16 6.08E+19
P, 126.20
n, 944.06

@ 3¥A g 291 Main pressure®] WA vlo]E oA 87to® vsm W= obdf &

#o] yepstor, 1 29 Al Main pressure®] 778l 7F K s A

Abst Ax) oofg] mel o] SU7HEHE 113.98 bar, 57F A %+ 898.93 rpm e
2 U
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f
(€8]
N

o

ul

oL
o
.

P~

B A< Main pressure?] 73t E 4 x e
i ¢ 89 (bar) Hely
1 0~ 3371 357
2 33.71 ~ 50.26 162
3 50.26 ~ 66.80 369
4 66.80 ~ 83.34 2626
5 83.34 ~ 99.88 3240
6 99.88 ~ 116.43 132
7 116.43 ~ 132.97 154
8 132.97 ~ 149.51 1052
. 32 #8 2} Main pressure®] S7HF-8 Bl 57F A &£= A4 3 8l A
i h; i n; hiP; fany
1 0.045 18.79 0.044 918.36 7.00E+08 6.29E+11
2 0.020 4513 0.020 905.54 3.47E+11 3.12E+14
3 0.045 59.82 0.046 896.01 745E+12 6.70E+15
4 0.327 76.59 0.325 906.29 3.87E+14 3.48E+17
5 0.398 90.26 0.400 893.59 1.75E+15 1.58E+18
6 0.016 107.73 0.016 896.57 2.95E+14 2.65E+17
7 0.019 125.08 0.019 876.99 1.11E+15 9.98E+17
8 0.129 144.82 0.130 890.84 249E+16 2.24E+19
SUM 1 1 2.85E+16 2.56E+19
P, 113.98
n, 898.93
O 2 dFelM AHEE AlEE EFHE 9 4% @ w2 7k B s71 3

ot

T A4 A¥s vad 2ol UEE S

A7] 2<% Al Main pressure & 7F+ste] H2> 7247 53.86, 54.96 bar® LEREO T,
S7HEEH 1418.15, 1678.59 rpme. 2 YElG1 ZEF] 2% A] Main pressure
S7HEsEe H> 47 70.62, 61.26, 39.19 bar® YERWOW, S-S
2070.44,1950.52, 2203.24 rpm°. = YEFS.

d

AT
— -

O]

AT =
— -

Hlde 29l Al Main pressure s7Hieke] Bt ZbZf 112,15, 112.31 bar® ek
o, 7S 5 2286.01, 2120.01 rpmO®E WERES.

obge], U AP Fuke AHEStE Ao HETS glo] 38 b AAjEklon,
Z9] Al Main pressure §7Hiate] 3t 115.56, 126.20, 113.98 bar® b om,
T7HEE 5 898.28, 944.06, 898.93 rpm O UEF S

2 AToA AHEE AP EFHE Q2 &% Al Main pressure S 7Hitshe] of
¥} o] Bt 77 54.41, 57.02, 112.23, 118.58 bar® ueEbom, Hi&Eis
77} 1548.37, 2074.73, 2203.01, 913.76 rpm o= e
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E 72 A 8 5/ R 57k A 45 9@
2 o P, n,
M2 High 53.86 1418.15
37 M3 Low 54.96 1678.59
Average 54.41 1548.37
L3 Highpl 70.62 2070.44
L3 Highp2 61.26 1950.52
Z2EH
L3 Lowpl 39.19 2203.24
Average 57.02 2074.73
1944 112.15 2286.01
H| o 2] 263ty 112.31 2120.01
Average 112.23 2203.01
test_1 115.56 898.28
test_2 126.20 944.06
3
test_3 113.98 898.93
Average 118.58 913.76
O HFHOoZ JuAHE Fdsto] Axbst w24 H S7HEste 2 5849 H 57
AHEAZHEINE Ak, EdEe] £Re] e 20%5Y B4, 20112 tgshy,
B4 Edele] gk A S7bekE woh o] AMa 4 9tk
E 7o wAgd §4 ShrE R 5k AdsE
o 2] 31
73 i =5 ik m 2557}
= = A ]"g_ = A ]’%‘ = }\]'%_ = A ]’%— = =]
“6'7]' }\]Z_]_' “6'7]' }\]Zl' “5'7]' }\]Zl' “5'7]' /\]ZJ_' To]-
4= [bar]| 54.41 55.02 112.23 118.58 100.70
86 102 55 41
CRES
[rpm] 1548.37 2074.73 2203.01 913.76 1512.93
= Frkel B7hRe 9 57t sAEE
Q) 31
T3 d =E il e Az57t
'6'7]‘ /\]Z_].' '6'7]' }‘]Z_].' '3'7]‘ }\]Z_].' '3'7]' }\]Z_].' _’—o]—
4= [bar]| 54.41 55.02 112.23 118.58 100.70
86 102 55 41
RS
[rpm] 1548.37 2074.73 2203.01 913.76 1512.93
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ol o7l I Q7] Wil Avtek & EUEE FUZe HogkE2 210 baro)

| [e)
v2 =71 AlFeES 200 bar® AAsIYon olw AFEEE 2200 rpmlE UA

32

{t i &
o a9 9F o] AR TFEE oA g AlRbel AlEe] S WAAA
A

Test Condition
Pt
5
é LP=c
L
o
f‘) Loer Conditicn
Pa
@ ie
LOG LIFE

B e A olgetel AR AHGEACETEH EAEE FUBI AEAF(AR)
A

W AL TEEAIEAIES (R AARY A 2 OAlAEE

A71A, Py : A F7HEE [bar]

PH'U : /\]'%_ %7]—%3‘4 [bar]
Ny A8 S7H5 %= [rpm]
Ne'u, : /\]'% %7]’4%5 [rpm]

<5 0 (23110)TC
&% ¢ (50-:30) %
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i) & 2% 0 (65+5)T

% AEGAE 1SO VG32 TE IS0 VG46 Abdatelor ahm] 2%

mL 99 dAFE NAS(8~9) 5-Fo]ojof &t

35
A EEE e 57} e D 5o} (A% L olgdo] ¥
0 AN BALE ST A3l kel ol vehy

1 1
. P\ (N, 200 )8 ( 2100 )
a= /\Z = — - = =
i) 7H5AF AvE = AF (PPU) X(N (100.70 “\T512.93 336

i) 77 7FSAIY AIZE = 14,549/336 = 44 hr

d FAELE POR ABAR 10E 4442 745

oS él*lSH LOl oo A $£F 90%°A] B10 =541 31124178 235

o T ©°
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2-2 22pd% A Ug 2 Ay
2-2-1. FHAF7H : FAVIEA LA G
(1) HST, vleliAlolE AAS 9)sk v 5 =9
7F (HST) Hoh Agdste 38.0MPa, REIEE 75 kW, §A A&7 A& 17
. (algiAloly) Hj Aldeke 25.0MPa, RE%EE 55 kW, A A&7}s A5 1070

19, HST Al@Adv] d= TIE. Bl A PAdn] A&
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Pressure_Command [bar] ——Vave

Current[4] —— Clitch_Pressure [oar

AE Prototype 45902 | AFAHE Aloun

- ¥ | :
A ZA [SAEE(F) (MPa] (Adh) 1,827, (A&) 0013
A PIOHT|& (FAekw) | MO | of 40

@ FHkel wEAe] My R85y W AT

=

Sl e ACIE fet 3

!

Ao

A2

sol d15)

timetsec)

PG Y

A F DXM110G 2ERA | dFRsE AloiE
ord] B B

Az ETAF) [I\H;Ija] () 13955, (H4) 7.698

A ARPox (AAF kom) | MR o 50
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@ EUE HST #3=74

. FAYA EFE HST 549 #3t 4
SAHAE 2 Ad
A F8 T547 (F&EH)
Al 2 A FHENAE
T 4 PTOH &Y (t]A34kW)
-?—83 TI;]____}F_ 1-.’_}; m I 15?
(Hte) 36.1 MPa, (Y83 A<4%) 2975 rpm, (3 HFEE) 9F 27.0 km/h
A ATk N \ L R
. —f’\-——. : - nza.;
(Hts) 12.4 MPa, (83 A4%) 2975 rpm, (F3 HF4E) ¢F 7.5 km/h
o — F(bar)
e etE || = g
(L2 km/h)) -
(Hst=) 234 MPa, (J383)@45) 2300 rpm, (FHZF HH#E5) oF 2 km/h
200 seee F (ba
A 500 g (oar)
(L(4 km/h)) e T
(FdreE) 26.0 MPa, (383 A&%) 2573 rpm, (FHF HFE5) ¢F 4 km/h
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A = o0 gy (o
(L6 km/h) |
(AL 152MPa, (YH3)HEE) 2873 rpm, (733 Hi#EE) 9F 6 km/h
p
% ___F (bar)
Zoletss | =
(MQ km/h) | - TS——
(A=) 31.8MPa, (YFS)HEE) 2499 rpm, (537 HFEE) 9F 2 km/h
gy | - M.
(M4 km/h) | o
(L) 34.6MPa, (YH3]H45) 2480 rpm, (733 BoEE) oF 4 km/h
geges | S
(M(6 km/h) | - s

a0

o
A

(A4 329MPa, (YFH3)H4E) 2439 rpm, (Y HFEE) 9F 6 kim/h

I
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@ kel HST #3574

. EARIA FHHel HST 3 27

S8AE 3 A

A= DXMI110G
AzA HE-E(F)
3 4 Adgezx (IHZ o 2 m)

(AHSE) 358 MPa, (YH3HEE) 3667 rpm, (FHZE BHEE) oF 102 km/h

10000

ek

5438 294 62 (4UE °F 2 m)

1 2 3 4 5 & 7 8

(DY) 189 MPa, (Y 3HEE) 3028 rpm, (FHZE He

(AdUYE) 99 MPa, (Y3 H4E) 3029 rpm, (F33F HdEE) 9F 5.7 km/h
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O HST E¥E HaA=
D geretE A= AlA

oh 1™ T} o] EFEAe] Hal A= HE Y] F/HE G A5l AHEE AA =
HYDACAFS] HDA 47000] AP%H‘HOU% Tde S8 SlE FAAS AXE
HST Bxe] A3z =8 udo]| zHzF 1719 S x5tk AdE Aol B

=3 DAQ “H]e 0450}0“0‘3% k= B}l Relative pressure EFJoln] S 9=
0 ~ 600 bareltl. 99 &8> 12~30 VDC o9, &8 A5+ 0~10 VDC (0 VDC
0 bar ~ 10 VDC : 600 bar)O]E}. AAR+= Gl/4 ‘oY, 32AdAHE+= M12 X 1
= ARESTE ARAIEE AlLS ohs e T

& dEAZe) AgE A4 ALY

Item Specification
Pressure type Relative pressure
Measurement Range 0~600 bar
Input power 12~30 VDC
Output signal 0~10 VDC (0 VDC:0bar~10 VDC:600bar)
Connector Gl/4”
Circular connector Mi12 x1

@ deole 14

@ dlolel FHgA= ol 183 o] 59 HBM it Quantum X MX 849B RdS
AREERlTh dlolEl A AL Hd BE &% 9, HEY £
5~24 VO AF A FH, &5 &% -20~+65C oW AAE AP ot me)
72t} 2 g A oA]= HSTE B2 Ex oy 4l oz IAETE =357 95t AF:
Hom ol ol FALEE= CAN Ho]EHE o] g3t HolHE FH3s9 o /9
dole e AAE FeiE F8ko] SHs3th
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E. dloly 3% A
Item Specification
Width x Height x Depth 525 mm x 200 mm x 121 mm
Weight 10.5 kg
Max. module slots 8
Max. aggregate sampling rate 40 kS/s
DC power supply 5V to 24 VDC
Operating temperature -20 to +65T

I3, 5¢ HBM jit 2] QuantumX MX840B
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B

Ql ul#Ale] MH el HST & 2719 73

Fukel, ol g A RahE o8

Lt

. AA
Hlg Aol We gl HSTel| et A=/ B37F viwd i

D B2d Ayt He
e (HST) HSTe 4537k TdA, AaaAd 5 s 9
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Adg AT AlolkE e
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The purpess of this study iz t© andlyz engire powsr of a radish harvestar during
pulling work, Ths engine modal of the radieh harvestar was dasigned ard onalyzed
using a smulation softwars, The simndation was conductad wing AMESIm softwars,
Tha smulation made]l was dewlopad wiing power flow of the mdish harwestor. Basad
on powsar flow of the Tadish harvester, the simulation component consists of engine,
HET mode], vebicke modal md working port medsl Engine map sbout rotational speed
and torqus data was applisd to engne modal, The Jead dota during pulling werk was
meazured by torque metar, Engme power was caloulatad by tomue and rotationn] spaed
of harvester, Simulaticn resylts showed that powser of the engine was maintainad about
47 KW after 5 3¢, Avernge engine power during palling work was abowt 0.3 kW, The

field test results showad that the sngine powar was almest 3.8 kKW lrwer than that of

smulation ramlta, Tharsfors, it showad that the pulling work of the radish harvaster is
poesitle through the constrictsd sngine modal,
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