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SUMMARY

The final goal of this research is to develop the eco-friendly electric cultivator
using high efficiency and high-torque dual motor in place of engine. So, work that

enables the existing engine type cultivator. The detailed results as follows.

1. We were designed engine output revolution speed, installation space of motor,
battery, dual type reducer and controller etc. based on the existing engine type

cultivator.

2. After the test by applying general DC motor, 500W dual motor etc. have been
developed for the optimized BLAC type motor (DC 48V 800W). We were
designed by 48V 60AH battery pack with a combination of 3.2V 20AH LiFePO4

battery cells and BMS produced.

3. We developed a motor drive to use micro controller, it was controlled so that a

stable motion of two motors.

4. The performance tests in GyeongPuk Chilgok-gun, electric cultivator could a
generally smooth operation. But, it was concentrated load in parts of many

foreign matters.

5. The result of economic analysis, the fee for utilization of electric cultivator are
W2,134,140/year and that of engine type cultivator are W2,520,165/year. So the

electric cultivator has a 20% reduction compared with engine type cultivator.
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2 20 o4 B & JE TGS ATRL + ATk B /E0 REED 1804E

=
Ag & glo] nLAWL eTE B AFHE 4% 5YE AR 2 gol stk

AIRRA

w23

o

29 6 712 AANEIT o=y Ao T2 vlm

Oo]:

=3 FY 9 BLDC ZH+= EFEES Ask7] H8l AF/AAE sl ZHY AFE
3oz AojFz L mEHEA7 EZstEo] 9o}, Dual Motors 7|AIFdo g2 EFEZ
AZAA A2} 7Fg ez A HAFEI} SIS 5 JA Hoh

o

o

_29_



g 2
HBSR MOTOR 15
2| 2\
& BLDC MOTOR 1
(DC MOTOR) Ac MOTOR 05 ~—
— : ~——
L M‘
Torque(T) 0.5 T Torque(T)
Power(W) &8 Efficiency(E) k-2- 4

. N
4 ~N TN

0.5 1 Torque(T) 1 Torque(T)

msssss—— HESR MOTOR
s BL.DC MOTOR

138 7 BLDC = E ¢} Dual Motore] A% Hlu

53] Dual Motor= A 1% Al 2HFEHE ASE F Aod, A IAFEHAAN T4H
Yol Al 2HFERHE Q3 EAHA FomdA Y WAYFo dEdd 5 QL A 23 F
EHoA = EEe Fade 274 &S Al 7lEE A 52 oduA E4L5 F

agtste] Hdrlango]l 493 =d A= AHol Atk

1% 8 Dual motore] =
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O™ 9 85y

r’
e
1%
Y
k
b

O A9 20%8 A 5HF3 (sina=0.196)
1-1) 3.5km/h & 1z} RETICZ2 F3P& uj
F, = W, + W, )Sin20° = (401+200) Sinl2 * = 125ke

3500
4% : v= 35km/h= 300 =0.972m/s

F,-v  125x0.972
‘H= 75 = 75 =1.620PS= 1.190kw (48V, 24.8A)

v

i<l

oft
A8

AR 25A
. AA 3 MAX 55A

1-2) 6.5km/h & 2z} REJFIC &2 F3& uj
F, =125k

6500
&% v= 6.5km/h= 3600 =1.805m/s

F,-v  125x1.805
£9%%: H- 75 = 75 =3.008P5=2.210 kw(48v46A)

.o Ad X 55A
S AAFE MAX 85A

1-3) 8.5km/h=E 1242z =¥ F /=2 F33 o

F, =125ke
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37

8500

&% v= 8.5km/h= 3600 =2.361m/s
F,-v 125x2.361
2859 H= 75 = 75 =3.935PS= 2.892 kw(48v60.3A)
AP A 65A o A Z MAX 55A
Fa 5

1-1D) 10.1km/hE 22} REFIO 2 F3& of

F, =125kg

10100
&% v= 10.1km/h= 3600 =2.81m/s

F,-v  125x281
4 H= 75 = 75

=4.683PS=3.442kw(48v72A)

B>
po

7H511(28.99) A &A] 3.442/2.899=1.187kw(48v24.8A)

SO AFE A 25A

1-2) 13.5km/hZ 1x&23F | E2E 2 F3 T uj

F, =125k
13500

£%: v= 13.5km/h= 3600 =3.75m/s

F,-v  125x3.75

2059 H- 75 = 75 = 6.25PS=4.593kw(48v95.687A)

ZH<4:4](85.90) 2 -8-A] 4593/8.590%2=1.069kw(48v22.3A)

SoAFEA 27A - 1AREE 5(9%km/h)  2AEEO22A
. AAF MAX 9A
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4. Ao F-of AA

Aof= BHE

Anz pAAG. 7 wE

A z220) AsHEs

12} A 225 ol A

Aolshe Egfoln B HALE 244 AR 2RE 5L ZPIE =
g Aof Setoln: FARE S F5 218 WA Fato] met A

TFAstgow 19 110 ASH
= 71&9 telolH &

=8 e
EERIE LS

5 o] &3] FEAFS I F 23 A~

T AEF
H| O] A| A4
| Frmvare |
o =
Ta=cas FEE
o s 2E 2
. J’ o "
e Capo|2)| Eaol2 1 DCRE
o] il%%gg L 2t o] s
. ©) . sz it
'y %%EE-l
,—
Charger [» BMS Hi 2|
98 11 A=A 7] AolE =
5 Aolg SehelnE CURTISAHY 712 A RE105)E ol g3tgior T2 2 7|2

HidEE 29 126 JeERRATH

Tonrl FPolarty o
Wi Protocton g2l Throtte
p.‘::._g Diode. Switch Switch
—) » L | -~
Procharge Resisto
Main A \I \.
L - F W A
X A Main
e Foward e
— BRTEE
e l i LA 4 L *
e \ ! L
) | . I . Motor I ¥ i
' Armatumn
' MOI;! P
— Y Thiotte —
— EI-" Pot -
B “' ¥ .|_ R e B |

12 DC HAEEYH +x ¥ A=
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09 138 ARS8 13 ARlel AEes dEn] Aol A=W e Hlolt.

&2 weg e 2 BMS AAE fal 1AHo2s It 2718 wiEEE ol &t on,
718 A F HASE 9fdl v F 159 #Zo] o 7HA Wi g AAYS =& ok

of dE’ WEE olde= gEotolE T o FF2 HWEE ASAES T HFH e HiE
Y AL Aoty =3 v = ARSAIZE whEt 2™ 149 o] A7IA] FE= T8t
of ZAIZE AHE A HiE A S St e 584 3 AAA "HelM F83t=SF skl

T Li-Polymer LFPO Lead-Acid
A7 AL 5.9kWh 6.1kWh 6.3kWh
Cell ARGF 3.7V 20Ah 3.2V 100Ah 12.6V 105Ah
Y2 16S 5P ¥ & 195 24 55 24
Pack Size(mm) 300 X750 x 260 — 326 X174 <255
T (SOC80%) ok 1,0003] °F 1,0003] °F 8003]

Celle] ¥HE
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5. AAIF Az 2 A

MATL | or | RemaRx

SUNSBOO Fud phd | 7O [ TEZEZI sz
Fiiilpipelymmy/ e | Attachment |MG-E:H
[ 2302 | |
I

%" 15 sHAGHEA A=A
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71ZANEE f8 AA 9 AZRE AFHE 7= DC60V 2.4kWel ZEE o] &3t FA3)
Fom, A 2=HL 3 & AojegolBE &&ston HE = DC60V 40Ah 2HEES #

70 I I I I I
- 140
- 120
— 100
g) 3
S - 60 3
S >
> [—+—Voltage(V) s
—«— Current(A) - 40
40 4 -
- 20
=0
30 4 v T T T v T ¥ T
00:00 01.00 02:00 03:00 04:00
Time(hr)

N Ba R AYEY APL A AR AT Lol 37 199 Lol Zelel &)
Ao HAHYOt e

AIZE B B Aol FEste] o JiA 23] B AFS T HAHF ZoF o=

=

_40_



a9 19 Adsaer] 712 AdAE 1

T DC48V 500W 2HIEZE =9d RLEHE A &5t FH Ao oA 3to] dA
NS AT 2H5S 27 200 el 2EHE 2AddA S5 v AnE A= E
PAT 71EH Aese BT  AS Ao FHY 1 2RH AA Ao, e WA,

g =3 T O WRe dFde T HAAE Ud Aot 2y FLEE

=
44 JASEE BAW A5t EAE Y] P50 TF Sooln 3 mE o] B7h)
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Al 2 A 23 A A=

1. 2 4 AEEY M

1 A7) A As RAQ Ay 4%e TR 1 b fusgon 23 %

=

71€ 7S 2L AY AE Urlde 71Ee FEEHE A7 Ak wEkA 23k AlZ}
71 Azt ol WAl mES AEEHE AF

s HAAA TN

7} mEY +4 A%

)7l Faiatdd AR AojE fsf 2xpd el AMEA FLEES JEHE WA
AA 8L AzstA Y. B 42 A7t golst=R oY JHA RE FHE AR o=
A #s BLAC FHlo] F¢ W2 EEo|th

O 3F 162 13 A&7 AeAde Edz AdEd 2Eo 24 588 Jehid, &
17, 18 A% A4 & YeERAH.

#® 16 =¥ AA 874

A o9 A @ Hl2
dF At Vdc 48
AAHY Vdc 48 45°C
AAAS Vdc 31 max 45C
HNAEA Nm 1 45C
Hol 318 F Adc 23 Max
A A= Arms 30 Max
AL Az - 1.0Nm / 8000rpm / 45T 1A ZE
A& rpm TBD
EHAE S % 85% Min
A7 a& % 88% Min
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® 17 =8 2A 23 (PM)

< = i AL & H 31
5/ €% F - 8 /12
Magnet - 35SH
Core - 35PN230(S09) 0.35T
Air gap mm 0.5 HEZQ Ve i
2% 7ol mm 50 ()
Torque Ripple % N !, J
Cogging Torque Nm TBD x;
& A Q TBD |"I O
@ Turns @1.50 / 22Turns = 1.54P] —
AAALGF HAE%) TBD
ZERa RIS YA 48 E
S0l AL - 3T 2= A&
# 18 ¢ AA A% (SPM)
& = o9 AL & v
JF/ €% T - 10 / 12
Magnet - 35SH
Core - 35PN230(S09) 0.35T
Air gap mm 1 HAEZQ
25 Aol mm 45
Torque Ripple %
Cogging Torque Nm TBD
& A7 Q TBD
@ [Turns @1.80 / 10Turns =1.88PI
HAAF A2 &%) TBD
A2 YA 2% E
Eol At - =5 A& jls
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Phase 1

Phase 2

Phase 3

Phase 1

2] REE £exd X PWM A

ot
S

Brushed DC motor

BLDC motor

BLAC motor

Control

Simple

Square current

Sinusoidal current

Power converter

PWM chopper

PWM inverter

PWM inverter

Rotor position sensor

Not required

Low resolution

High resolution

Efficiency Low Medium High
Inertia High Low Low
Friction High Low Low
Torque ripple Good Poor Good

s

rr

she A, B4k Qs

st Hr|dge] TAsk=H, © 97
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Asttt By o] agHch webr F& ouE BLDCA 3 T3 Hr]jHgs 7zl
brushless dc motorg ¢Jv|stH, BLACE= 1% 259} #Zo] Fdd 97118 S 713 brushless dc
motorg &Pt} EE E2& Y 4 AR ANE 2SS HoE Adsd EA
Ao] JAolA w-g fFestr] wol 2 Ao A-82 RE+= BLACS Ao FEE 7HxIth
g, F2 9rl¢ BLDC= &3 FHol7] wjiEd AFE 79 FE= Aofsizd
6-stepFEN ] FE5H2 S AFESHA HedH, A hadk 32k Ao darg]Eo] Hroh 19
L, BLACE 971390 Ay Feoliz AFrE A Jelz AVHEE sfofF sfoF 7]

Wz 2E Aol HEELS v 3T JE7E AR, 4594 (B4 #HE, &5 345

J{m
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r ol
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N
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r
e
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N
L £
Md
2
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2
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L
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A% AzE AAE REY %S T ® 203 gow, Belle RidE vee 1w 269
e Q)

g = & 9 A
Ay Vbc 43
4A=Y w 800

H1 IAEE rpm 12,000
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71 Aloje] AA &9 M&E Uekd Zolth HHIZRFE Mol AVt

Ha B A, BEela g A4 AffHel ofs) HEEHIE HZ Y Y Y& AUhetH,
L

KSI = o
ki, T |
B+
g 4 :
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£ -|- B-

o mE #AoA 7zt REE Ao

il
4

HE Aol el Ao} Selolng dAs
37] 918) Setoln 2AE ARHAL. EHoE RE o AE 95| PWM AHE S o] &3]
B 4§ AESY 2o AkshE RE o @ Fo| Balr} WIE £} gobd

w ¥ 289 & B4 AEE Ao =2 wet AT oo wEt 7449
TE Ao =gelHe 2= 9 299 YER AT

cxd

o

},

b
fu o
v}

S * %
T, current g Vig Sabd
—>| reference [ UITENt s vOltAGe L oo BLAC
control control
generator
3 4
'Edg I.::ba
abc—dg [*
ﬂr rotor
@ position %
' sensor

9 28 B HEE EE tholojaw A
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7] BzolA JZRE AU Arbwol F S AN EelavEd ojs) 2= ol
AEge 52o Y A5E ArbehA Ha
292 AZSA Bk U, V, W 7 olls 23} 2gs) g=2s) 23
As) FEe wEuRe AfT.

AEEZQ] MC33035DWE Ar-&-3ste] -4 3t

3% 21 MC33035DW 9] AR&F

%

A

® Undervoltage Lockout

® 6.25 V Reference Capable of Supplying Sensor
Power

® Fully Accessible Error Amplifier for Closed Loop

3

Servo Applications 3
]
® High Current Drivers Can Control External
3—Phase MOSFET Bridge ; IEhad
mﬂ?‘r;j B[ M |Gy
® Cycle—By—Cycle Current Limiting L[ 2] B | Brake
Fud/Rav | 3 2 | 50T Select
® Pinned—Out Current Sense Reference ‘s[4 2 g )
Sansor . = 7~ . Bottom
® Internal Thermal Shutdown iputs | 5% L2 = gumﬁm
L S | 8 18 Cg J
® Selectable 60° /300° or 120° /240° Sensor Output Enable | 7 | 18 | v
Phasings Reference Quiput | B | 17 | Ve
Curent Serse | g 1 | Gad
® Can Efficiently Control Brush DC Motors with Melnmig et " ) CurentSonse
External MOSFET H—Bridge E?:'::' - Inverting Input
I'-h;urinl.-aﬁnglrwpt L E‘chuwt
Error Amg Emor Amp Outf
® NCV Prefix for Automotive and Other mong rou [ 2] EIP"'“"'M
Applications Requiring Site and Control Changes (Top View)
® Pb—Free Packages are Available
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(g0 ot : w—+ Faki Ouipudt
5 x
bl"f“‘ﬂ': Spo L e
Inputs . c
e Top
* ..—l—lc._rwx + 3 Drive
Forward/ Reverse O 3 Ouiputs
B0 Salect © = s
0 Enahie o0 L
u‘u'.'. 5 + , 17
[ v“ﬂ
Vo
Raferance Ouiput 8 | l"u}
b Moniow, Input 9 |
Prager 121, 1> =5 By > Drve
L ¥ =Lt ! Owtputs
3" |_ 13|
Emror AmpOut
PWM [nput | Gy
| 10!
!
¥ |
‘;L I | JJ__._IZ: Gument Sense nput
. Sink Only | I - 1% Cument Sense
T rie , PositieTue = i my Releene hput
—_— LDglC'I“T"I ——————————————————
Hy——" 16 % Gnd L
% Brake nput
a9 30 HEEY 74 I =
Sz 47 ¥ CADHY 2 ol=9 AL AX PCBE AfalL BelolE TAIAT.

238 PCB olE9 A

\= e}
==

Jepa Aol

% 31 395 PCB 1
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71§ 35 Aloj - PCB 2

o T ot Al R e el ] el L

1% 36 AolF PCB 3

47) AnE] o8] HF AAD Ao| Sefolme] WKL the 1 377 gor], Ad 9
Aol %, MosFETS o] &3 2d%, 3d9 2 29 vxz TAHUT. 19 38, 39, 4000 A

’

A AR 2E SghelnE yehjglon, 19 dlo] Belvld FaE 2se Uik
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18 41 Aol EdolB ARrgG ARy )

o BMSE &3 wig g g 74

Z27] AA A o 7HA wiEE B vl w2k 7 g4 2] DC48V 800W BLAC RHE
T8tz A% wiE Y &2 48V 60AH=Z Z2AAsy T 3 74 thHld wiE s 2Ed
A e e deE AdAgskan

gt gF 4 wiEgS =L gEolWEd T d5e TAse e =
B

ool FFARE] ARTFEF vo|
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gol ANEHE HFILE SAol=gta 3t &

A7 Hol A oy Sl Fxe I FE2A)] A8 Wi gF ZLE SAo| =4
2 THTE FFABREG Al S w1 AL 35V HE i E &
Aol ol Hlsle] 8 olzb glu WA & =3 150mAh/g AEE AFEE £ e oA ¥
T "HoA A £4do] fledAME arte] IREVE AAREHA i drtEA 78 F e
Holghs dAE AEToEZN 7HAZ 47t A3 89 =3 X317

FFARETG St T ¢ JAoY MY ARl Hol AR AAE s st &
FA G g2 94 =9ojy FEo] Byt st Ho| e 4ksirh Ad A
ol FAsH7I7E B9 oHa Zles JpEdHa ste s S SheTl olA @
7] W&ol ob2 74A FE3lEoIAA] Fdd AmI AVATAIY SFoF HHA QLY
# Zlolth. gFol MEEs @A AdY Bhtd 77] Fo d9E Wy AFa
€ 753 oA ol Ho wel AEAAYE ofHdFu 71EF FAAE b
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X
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ol

ot

X,
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of

o
R

W Elg] A& ZGnewenergyAke]l ZG2770165P20Ah &) &FulH
F2lo] vjE golm ¥ 420 YERA O™ I A o &

% 42 gEQlakdE A 3.2V 20AH)
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Item Specification Remarks
Rated Capacity 20AH 1/3C discharge
Rated Voltage 3.2V
Cut off Voltage 2.0V
Rated charge model CC/CV 0T ~40C
Rated charge current 6.67A (1/3C)
Rated charge voltage 3.65V
-20C ~60C
Rated discharge current 6.67A (1/3C)
Max. discharge current 100A (50) Continuous
Impedance =2mge
Weight <600g
_ Charge 0C~50C
Environment
T
emp Discharge ~20°C ~60°C
In 1 Month -20C ~60C
Relative humidity
Storage Temp In 3 Month -20C ~45C
45%~T5%
In 1 year -5C~30C
the 19 433 44 A G2 o B4 2 oo 02 b SHS vend
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LCH
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0 HO00 10000 LA000D 20000 25000
ZFEtmAH

* 207
m 247
55°C

HLIEY

0 5000 10000 15000 20000 25000
F fitmAH
a9 44 250 e Bl 54 0.330)

AZE viE g E 2 A7) WY A 3E AEE AEst 60AH &Fo = FA4E wiE Y
S 187 AE 2 thA] dAste] DCS7V 60AH &3S FAstgon, iy g g9 =
A WA 52 98] BMSE FASIETh oS 19 455 AZE wiEE Fo &S gl
Aolm O¥ 462 EEZE AFH Zo] F4HE BMS RES YERH Aotk XS 3E 239 A
Zhel BMSe| 545 JEH AT
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Item Specification Remarks
Voltage detecting range 0~5V single cell
The total voltage acquisition range 48~96V
Voltage acquisition accuracy +5mV single cell
The total voltage accuracy +100mV
Current detecting accuracy +5A
SOC accuracy <8%
Temperature detecting accuracy +1C
Temperature detecting range -40~125C
Communication Interface RS485 CAN
system power consumption 30mA
Operation power input 12 or 24V
Operation temperature -20~80C
Storage temperature -45~125C
Typical Weight 500g

Charge control method

CAN BUS control,
electrical relay control

Discharge control method

CAN BUS control,
electrical relay control or
switch signal control
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