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Abstract

The objecttive of this research aims to develop the walking mower with cordless electric driving system to
reduce the workload of the operator. This mower consists of 5 main parts are 1) power source from a DC motor
2) gear reducer and transmission chain 3) spiral clutch and control lever 4) rear wheel and adjustable front wheel
for adjust the cutting hight 5) engine to drive cutting blade with 50 cm cutting width. The test conditions with blade
rotating speed were 1500, 2000 and 2500 rpm. The experiment was tested at field grass and orchards, respectivey.
The results showed that the optimum condition of rotating speed of engine was 2500 rpm in both field grass and
orchard. The moving speed of the mower were 2.64 and 1.78 km h™, respectivey. The electric consumption was
0.70 and 1.58 kWh rai”, respectivey. The fuel consumption rate was 1.10 and 1.49 L rai”, respectivey. The working
capacity of this mower were 0.68 and 0.46 rai h™, respectively. The result found that the walking lawn mower of
cordless electric driving system reduced operating work and help operator pushing machine. This mower reduced
cost of cutting grass in the orchard. The spiral clutch made the mower easy turning. Therefore, it can reduce the

workload of the operator as well
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km h™ %81A1190199997U 80 cm HAruaiuisalung
¥19u 1.4 rai h! WDusadangifsdvswalugldaiunse
yauluaunalduuvensedld d@na (2548) lavonuuu waz
afrssadavgnauguieinglsiulagldindeseudiuuiy
Wudurds anunsadaugluauuwgils 400 m” h' lag
Thifudomas 1 L uwiidediafianmnsonuauniseu
yaasndanag1balusedilaiiiy 50 m 99574 uazAme (2549)
Iamuiedasianduuuidunudmvivaunals Sanumd
Fuimdeu 2.4 km h’ Teludadaungauin 60, 52 uag 48
cm Tunisveaeu aunsaufuaenuls 0.9, 0.78, uay 0.72
rai b gy wwSessamg iU d i uauRall
fyndundeudilng fbwiinun uasndsidmansdudau
Fapnsonistentige afud (2552) leeenuuuuazaiis
idesdang e sdniuuuiRunfieinuasnssedn 3
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ya1uagil 0.6 rai h' Snsnislditudomas 2.7 L h?
win313015%197u 40 cm wadesdangflauialugly
anunsaviauluaunalinuuensesld Nkakini and Yabefa
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Ifoanuuunaraiaasosiang niunaluaiunalsl it
n119lun19191u 60 cm fiAuanunsalunisinaugean
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Fuindeuiidudiuun dundesdlvualng Siminunn
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21 mseenuuukazaiIASesTang AT UIAGeY
aae/laihlsane

wSassangidumuduindousaelniiildans (Figure 1)
1m311n319 75 cm AME13 110 cm AMES 120 cm gn
senuuulnefidmnusyneuiidifey 5 dw fe

2.1.1 dgumastuanuatmestniinszlanssvun 24 V
250 W 300 rpm tnesunseualniinanuusimesafiauia
YA 12 V 10 Ah 2 fou sepynsuiu AUANAINEIVDS
weLABslaeyARIUANANSY JU 10-50V/40A/2000W (DC
motor speed control, Shenzhen electronicshop, Chaina)
(Figure 2) fhemsnyuiieindusunania

2.1.2 yadamassumaminuamasininludagailome
fifdnsmed 5:1 (Figure 3a) annthuasludailosduiidiiles
15 i detdrinlegluguiloswmnuiidfiuilos 30 iy (Figure
3p) fidatuinatdstdslugsddeduindon

A A

2.1.3 yoaluseandnd wazlotudmsuriededuiayr

v o w o

(Figure 4) Todmsudesnas uagdnmasainmartuludsde
annsadanfidlasnisiugafiofuiifadeiieifiunim
AxanluNI59i9uY

2.1.4 ydoduindoultdesnauuuguanvuin 13 inch
(Figure 5a) davthl¥&euuuenssiuuunn 8 inch fndedausu
seRuANgIwRaATasTaMENAINTAYTUTER UANGIVD
Tufladanglédaud 2-7 cm lnen1saanedadeniitavau
Uusrozanugsveaaiasiana) (Figure 5b)

2.1.5 ﬁuﬂ%"aaﬁ’ﬂmjwﬁuﬁmLLanmﬂLﬂ%aqﬁmmjmum
Honda GXV 160 5.5 Hp (Figure 6a) L@SuANLTILTI04
Tasssalaensifialasavdnseudu Welvanunsainauly
aunaliiuuvensadld Aassluiindangnauia %19 5.5 cm
813 50 cm (Figure 6b)

2.1.6 yihnsvinaeudang luauung (Figure 7a) uay
arunaliiuuuenses (Figure 7b) finuiiisouinseseus
dmsudululindang 1500, 2000 wag 2500 rpm
MUY 113U 3 6

Figure 1 Walking mower with cordless electric driving
system. 1) power system 2) transmission system 3) spiral
clutch 4) wheel and leveler 5) engine mower and grass
cutting blade.

Figure 3 Transmission system a) gear reducer b) chain
and sprocket.
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Figure 5 Wheel a) rear wheel b) front wheel and

level adjustable.
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Figure 7 a) cutting at filed grass b) cutting at orchard.
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TUNISAILIUNITOBNLUUERTIVA (My) FAUAAIS?
soUrBsNaLailulAfon TunIsAIUINENTINATE YA
o o Pl 1 A sad o v
Juindauagi 350 rpm WugANALAESNTgnTINA 5:1 16
AUFIsUTisanangavaies 70 rpm dandssieundiye
Waalgniiieadu 15 u Wasnu 30 fiu wanduindeuay
wwieANEITeU 35 rpm deidtluddetundouning
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13x3 inch gadlodenyu 1 sou lasgermeUseunn 1.04 m
MERsINe (My) tlnanaunisi (1)

D Ny
Dy Ny

W

(1)

dlo My = Snsma
D1 = uruaudnansvasiiadidu vise
PURUNDRITY
D; = wusugudnaseadiniy
w39 IUAuilesnw
N = A5 aseURIITy
N, = A5 250UVBIRINL

30T

M, =
15T

70rpm
Ny = =35rpm
2

manuslunisiedeun (V) Ieeldaunisi (2)

Vg == 2)
t

e Ve = anusilunisiedeud (km h?)

s = 528NN (M)
t = 1781 (s)

35rpmx1.04 mx 60 min h-1

Vs =
1000 mkm-1

=218 kmh™

MMAUNTTULARBY (Py) vestainaslninainaunns
7(3)

2TINT
Pu= —— (3)
60

e Py = Masveswawas (W)
N = AnsLSasouneLmas (rpm)
T = 15900 (Nm)

(250w)(60)

2TCUx350rpm

6.28 Nm
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Figure 8 The work of spiral clutch show a) engage

transmission b) disengage transmission.
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outupasusaelnilise

naaaulagiinisiiuaA UL Uy luLUag
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T¥nsouduvun 50 x 50 cm yN13gUTUIIUIUAUYDS
Seily 3 91 fon1snaasIMIALadsIasrernslunIs
nagautfuszoznie 20 m Andale3ed (Syringe ) Yu1m 60
ml Agssfufiofagnsinslddiuidemamenniosn
e warinsnsnisldlnihannlnglduendfimeindou
Sunailunsneaeuluusazseu ¥innsnageusn 3 ass Tng
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F.= =
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e Fe = Usinallddhsudomas (L rai)
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Fo = Andaansatunsyiausiels (ai h?)
Ynafilia1nnIsnaae UL AWINMANEILNSE NS
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Vg x1000 x w
1600 ( C)

e Ve = anusuedauiivaedn (km h)
w = ANUN9lLN1SHR (m)
Ere = US2EMBAINAI5YI197U (%)

MIUALA B = 0.825

Tagnsnisleliiveswamesyaduiniouvotsadnma
lnglduondiwesin wagymmaslwil (P) a1naunisi (6)

P=El (6)

dlo P = mdsladh (w)
| = nszualniin (A)
E = usesulnih (V)
wmshinaglitin (E) a1naunisi (6) 91ndumian
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Ey =P ©)
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2.5.1. Arlddei5udu (First Cost) Funuiuusn Ao
Aldandmivanuisudiu 1y 1n3esins Mo Husu

2.5.2 algglun1saniunig (Operating Cost) Auyu
Tunsauiiuns fearlddrefidouniouliifiesniunisiu
ningauidesanuluiieliAnuanas

1) Arldiemsil (Fixed Cost; FC) Apariinsitlainusly
AaUTInaNINER 1wy Audensia andelenaveau Tu
wsosrhdntuialuwdasdand

2) Anl491eunds (Variable Cost; V) Aoaildsie 7
wUslumuUsunanisadnieu drlud alddremanies
wUsdsumadsunateiivdidindeeiostdntedialy
wiassinng

253, aldaenauniiintuiade (Average Cost; AC)
Tunsmdndsnaluuiasinmg

AC = FC+VC 9)

gl AC = Anlddneanuadiindulunis
A Tuiy (Baht Year")
FC = Andousnveaniastdassiivlunlassn
wen (D) + Andelanialunisasmu (R)
VC = 19195997 (W) + Al () + e
thgssnw (M) Adensian (Redsidunsa)

p-2 (10)
L
Andelenialunisasmu (R)
(P+S)
R=| —= |xI (11)
2

o Y w A

Tagdl P = 599015 0@519.A309M19A T8N (Baht)
L = ognsldnuasesindadviie = 10 (year)
S = s1AAsesllaldauasu 10 U = 0.1P (Baht)

D = AdeusiAised (Baht year")
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R = andelenmdlunisamusied (Baht year’)
| = dnmeniden 10% sl

2.5.4. AN
Blank and Tarquin (1998) aueaunsynanduyulissil

q q

FC
BEPS = ——m— (12)
(suu-vcu)
dlo BEPS = f\mﬁ:m/]u (rai year™)
VCU = aldansuusiuneniag (Baht year”)
SUU = A1d1emeniag (Baht rai’)
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MC
PBP = — (13)
P
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p = fls (Baht)
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Tundeuse il smese I Naia
nsUsziiugunwwesszuuiuiadeuseliinl3aely
safangLAumIRIIsANINAISITEUTesludAfnnrg
audinsadeud (v) avwawnsalunsiausiels (F,)
wazAldanesals dren153LATIELUY Completely
Randomized Design (CRD) LAENAFOUATLRREAI8NS
NAFDULUU Duncan’s multiple range test fisgduainy
est 95% TaeTusunsa SPSS version 11.5
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nn1sduiuaNuruILiuYesiuiivluwUamagauy
aunuvigh waglumuwalsiiuvenies Sanumuiusiuee
968 plant m? Tnedrulngazidungmuing® wagng
Aun ﬁmmgqé'?uwi 20 - 50 cm wag 1114 plant m” 1ag
drulugjaziungr@unt naingide waznguaifnge i
mmqaéﬁu’um 20 - 60 cm A1UF1AU 9710 Table 1 WU
aaduaseseuddmiuiulufindandgfl 2500 rpm A3es
Fanginiunuduindeudislniilians aunsarhauda
el ¥R inszdandhunlfieuiosaiauodian i
MsfntuauILTg Lagaunaliluuenies wanmusseu
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rpm tesannisldnnuiiseuiniesaudi 2500 rpm 2z
wlraudosildiedundsnudemadunisinaunn
Auausndu seddusgfuanufisnelavesnuas
HU ORI
32 wanIadevAINaINITalUNITIIUselTYeAT oY
FavanFususuindaudaelnit|sae
NNHAMINAFIUNMTINNUTRTgnveaT asdinmaIfy
aunaeliinlSaeluauiung wagluaiunalduuvenses
fideulvanusiseuvansdedsud 2500 rpm danuidinig
\nAeud Ao 2.64 waz 1.78 km h' mudrdu efiansan
WIBULTIBUNANISNAGOUNINEDH WUIIAIAIULSINTS
wasudifaruwsnsnstunuuiidedify nsnadeuluaui
Duituitiseurldansaldanunaled wazamnsausu
mmqwaqLﬂ?ENé’mmﬁﬂﬁmmmﬁmmﬂﬂﬁgwwﬂmﬁmi
naaevluaiunaliLuenses uaziilesnnulameaeuly
aunaliiiuvenssaduiiuiifionndonisvhauyinlinisld
mnudalumsiaulddnas udfaansavenlds ndou
anunsadamaiifags uazdanumunuuled
nan1saaeUsas sl dmiunmsindeuiivessa
fnvgaumunuulnilSansTuauuvg wazluaiunalsd
wuvEnse Mideuluarusisouveaadessus 2500 rpm
Ao 070 war 1.58 kWhrai' aaugadu Liefianswn
Wisuligunanisnadeun1eain onsinsiglnisels d
mnuuanssiuwuuiteddy sasnslditudemas Ae
0.71 waz 1.36 L rai’ anugd1du wlefinnsanSeuiieuna
nsnndeun1eEan wuinsnsimsldiTutemas finan
uanansusuulufidedfy nan1smageuanuainsaly
n13719unels Ae 0.68 waz 0.46 rai h' muddy iile
NI1TUNYUTIULTNBUNANITNAGBUNIIEDR WUII
AuaNtsaluntsviiauselsinuuanatsiuiuulad
uddey (Table 2) WawSeuifisusuiniosiang uiuni
WUUSTUUASTIEIn1sTuiAdeuanninseseus fiflvune nis
117 cm 817 210 cm g4 116 cm Fedisguuiiesdaiiga
wanedu Haualng warildmitnun ieuldaded
A3 Insiadoudigegadl 1.039 km h anansavhanlls
qaqmﬁ' 038 rai h (ASeud, 2552) WIsuiilguiuiAIesin
ngtuiianden dwindiddunsdang 40 cm anuisa
n1sindeud 2.88 km h' fauauisalunisviauais
0.46 rai h* finuidaseu 1500 rpm Tl 2557 (Nkakini
and Yabefa, 2014) wuina3esana iiunuduaiousae
Tinl3aned fouadnniwazawnsaviauléiniiuas
deFeuiiisuiu sadavgndsduing nsldiaiesiavah
WUUWRES 13eseud 4 Same 3.5 hp Wuduids nihnta
M358 42 cm annsaviauldiade 0.24 rai h (hunfsyan
A5 waLAMY, 2563) Viﬁ%’ﬂﬁiumimmuLﬂwﬁaﬁﬁmiums

a1y wazliausadesauliyiauluaiunalduuvensedla
losannisiauluaiunaldvuvensesiinnusidui
inumsnsfesmunuAesiavaluszerlndognasananly
A1SV9U
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wansAualidesolslumsvhauiinfigauesaies
Fangaunuduindeudelniildaeluauund waz
arunaliuuuenses fideulumnusisevveadossud
2500 rpm fianlga1usauaels Ao 25.66 way 34.37 baht
rai! anudy WefinsaSsudisunansageunnsadi
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Table 1 Grass cutting efficiency of walking lawn mower cordless electric driving system.

(Grass cutting efficiency)

Test Area Engine speed (rpm)
Result 1 Result 1 Result 1
1500 1 2 2
Field Grass 2000 2 3 3
2500 3 3 3
1500 1 2 1
Raised Orchards 2000 2 3 2
2500 3 3 3
Note: level 1 not cut; level 2 rouhty cut; level 3 clean cut
Table 2 Ability to work of cordless electric driiving system for walking mower.
Parameter (unit)
Test Area Engine speed (rpm) Movement Ability to Fuel Electricity
speed Work consumption consumption
(km h™) (rai h™) (L rai) (KWh rai™)
1500 2.02+0.12° 0.52+0.03° 0.71+0.12° 1.15+0.15°
Field Grass 2000 2.18+0.07° 0.56+0.02° 0.84+0.11° 1.01+0.07°
2500 2.64+0.12° 0.68+0.03" 1.10£0.11° 0.70+0.06°
1500 1.23+0.07° 0.32+0.02° 1.36+0.20° 3.34+0.28°
Raised Orchards 2000 1.42+0.09° 0.37+0.03° 1.42+0.11° 2.41+0.31°
2500 1.78+0.13° 0.46+0.04" 1.49+0.30° 1.58+0.23°

Note: Difference lowercase superscripts in the same column are significantly difference (p<0.05) by Ducan's multiple

range test

Table 3 Cost of cordless electric driving system for walking mower.

Parameter (unit)

Test Area Engine speed (rpm) Fuel cost Electricity cost Total cost
(baht rai™) (baht rai™) (L rai’)

1500 16+2.31° 1.00+0.01° 16.93+2.51°

Field Grass 2000 19+2.89° 1.04+0.01° 19.86+2.50°
2500 25+2.31° 1.04+0.015" 25.66+2.50°

1500 30+4.50° 1.08+0.02" 31.49+4.32°

Raised Orchards 2000 32+2.89° 1.05+0.02%° 32.90+2.52°
2500 33+6.66° 1.06+0.01° 34.37+6.63°

Note: Difference lowercase superscripts in the same column

Ducan'smulttiple range test
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Table 4 Cost of making a prototype cordless electric walk-behind mower.

ltem Cost (Baht)
Lawn mower frame and engine 13,000
Two 12 V 10 Ah dry batteries 1,300
24V electric motor 850
Two 13 inch rubber wheels 700
Two 8 inch rubber wheels 600
Two wheels axle 600
Motor speed control 250
Transmission chain sprocket and spiral clutch 3,000
Other expenses 1,500
ToTal 21,800
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