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ABSTRACT

Sugarcane harvesters are agricultural machines that has an important role
in the sugarcane industry in Thailand. They improve the harvesting process by
reducing labor dependency and reducing the air pollution (PM2.5) caused by
sugarcane burning in Thailand. This research aimed to study the performance of
sugarcane harvesters being used in Lower North region, physical properties and shear
forces of sugarcane billets and the effect of base cutters to provide the data for
developing the sugarcane harvesters for the cultivation area and sugarcane variety.
The study focusing on the efficiency of sugarcane harvesters, two models of
medium-sized harvesters (MSH) (164 and 179 kW) and two models of large-sized
harvesters (LSH) (251 and 260 kW) were tested in a sugarcane field of Khon Kaen 3
variety, aged 10 months, with row spacing of 1.72 meters and an average plot length
of 287.7 meters. The soil in a field was loam soil, with soil moisture and soil bulk
density at a depth of 0-10 centimeters of 13.72 %d.b. and 1.16 g/cm?, respectively, in
Bueng Na Rang District, Phichit Province. The results showed that the MSHs and the
LSHs had average traveling speeds of 1.06 and 1.53 m/s, with average field capacity
of 3.06 and 4.17 rai/h on area basis, and 35.17 and 44.08 t/h on material basis,
respectively. The MSH2 was found to have the significantly highest field and time
efficiency, 83.04 and 85.78%, compared with the other 3 models. The loss of time

did not significantly relate to the harvester size. The long billets had more leaf



contamination than short billets. The MSH- and the LSH-affected soil compaction
under wheels were 2.4 and 2.1 MPa at the soil depth of 25 and 35 cm, respectively.
However, the width of soil compaction of the MSHs was found to be narrower than
the LSHs according to the width of wheels. The MSHs were suitable for the row
length of 287.73 m or shorter and the row spacing of 1.50 m, which the farmer in the
Lower North region mostly grows their sugarcane. The MSHs payback period was
lower than 4 years or the break-even point of 730 rai/y. The study of physical
properties and shear forces of Khon Kaen 3 variety, aged 12 months, on straight (0
degree) and oblique (14 degree) cutter blades with speed of cutter blade at 5 10 and
15 mm/min. The results showed that the diameter of node and internode decreased
when the positions of node and internode compared to the ground were higher.
However, the length at the middle stalks were longer than the base and the top,
because of elongation phase. The blade cutting at node was found less deformed
than that at the internode. The average node and internode deformation were 19.53
and 88.24%, the shear stresses were 1.89 and 3.72 MPa, and the specific energy were
63.94 and 75.99 mJ/mm?, respectively. The straight cutter blade (0 degree) at node
was found having shear stress decreased with increasing cutter speed, however, the
shear stress at internode was found increased with increasing the cutter speed. In the
case of the oblique cutter (14 degree) at node and internode, the shear stresses
were found increased with increasing the cutter speed. However, the specific energy
for cutting at the internode position was not found affected by cutter speed on
straight and oblique cutter blade. The higher shear stress and specific energy from
the straight cutting blade was found at the first to the fourth node from the ground.
The study of the base cutter at the rotational speed of 640 rpm found that the
blade cutting pitch of MSHs and LSHs were 2.48 and 2.83 cm, respectively. However,
the average stalk diameter at the base was 2.73 cm. Then, the MSHs are unable to
cut the stalk in a single cut. However, the cutting damage at the stubble and stubble
damage, were not found significantly different and not related to the size of the

sugarcane harvesters.
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M1519 7 Umiindudesvasdosnuguauunnu 3

U1ndn (Alaniy)

/i a1998 luoee 57U
MSH1 1.66+0.42 0.33+0.06 1.99+0.46
MSH2 1.66+0.29 0.31+0.08 1.97+0.34
LSH1 1.89+0.64 0.34+0.01 2.23+0.70
LSH2 1.66+0.40 0.31+0.01 1.97+0.44

p-valve >0.05 >0.05 >0.05

AadeluLAazaaNANNIUAIBAISNYITLANANAU LaAIINANLANASAUDsHTad AT

SEAUAINULTIBIU 95% LUSEULNEUALRREA875 LSD

4.1.5 AMUAINITOLUNISYINIUYDISDRRND DY

NVRYAAAAILUAITIE 8 WU TOANDOHVUIANA ML YUIA TG 3]

< [

AEINIsiAdeniiade 1.06 uaz 1.51 wasdedund anuddu Wunauaindurdeis
AMULANASTY 1.49 win dealisadndesvunalvgaunsandeuiisndasldiiniisads
Sagvuranans Anuanuselunmsvhaudiuiivessadndesvuianatcuazausivgiin g
uwanenafuegafituddmneadn Inefiduade 3.06 way 4.17 lsredalus mudisu Jesadn
Sagaunlng LSH1 Sanuanunsalunisiudsiufinnnniisadadosauinlng LSH2
Weanananunuwiudesluwlassadadesaunalvg LSHI deaniiluwlatsadavuin

Tng) LSH2 Seaonadosiuauiseuas Kaewkabthong and Udompetaiku (2019) 7inan
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RUILUUYB908TNARDANNAINITALUNTTVINNU AMNEILNTalUATYINUTsRENYesse

d' o w

AnvagvuIANaIazTuIAlglaedy 35.17 waz 44.08 Aunadiluy AINaIRU 8951019

[ s

Aulansndudamnaaluimuduius i uvIuInUeIs R 8 kATAUFUNUSAUAINY
UL g luwUad WIaN1TUNUTEANS AN IUNITVNUTINUN WU S0FADB8VUINNATY
MSH2 flusgansnnlunisvinauluwlasoeeiininuenimae 287.73 Wes 11NN3I1s06n0ee

Y [

an 3 yu eyl Ay eanA

o

A1579 8 AUEINTTALUNITNNTUVDITARND DY

BRNIINIT

, AU ANNANNNTe AuEEsa UsEEViSawm AdNananse RITRIGIN

AU LY 4 4 . . L . v .

, . mseaeun  lumsvian lumsviheow Tumsieon Tumsviheu 13l
U dogluuvas Sy = o o AW A . E
Gl (Uns/ LTINUA WWangug WU WBahwin WWalnae

AU/ y y s 12 o ) a o
i) (ls/4la9) (s/dlue)  (Wosidud) (F/Faa) GIE

L))

MSH1 11.92+0.46a 1.07£0.09b  3.01+0.19c 4.14+0.36b 72.86+3.49b 35.81+0.87b 1.74+0.49ab
MSH2 10.62+0.45bc  1.04+0.13b  3.14+0.05c 4.05+051b  83.04+7.11a 34.22+0.50b 1.16+0.06bc

LSH1 9.84+0.85c 1.53+0.12a 4.39+0.22a 5.93+0.46a 74.14+2.18b 43.33+590ab  0.96+0.09c
LSH2 11.34+0.58ab  1.49+0.14a 3.94+0.28b  5.77+0.55a 68.41+2.49b  44.82+5.24a 1.94+0.29a
p-valve <0.05* <0.05* <0.05* <0.05* <0.05* <0.05* <0.05*

AadulULsazaANATIANMEFBNYINLANAINNAY LAAIIIEALLANAS I UDETuEAYT

SEAUANULTDIU 95% LUSBULTIBUALRAEA87S LSD

\WafasaundeyauszAnSn nidanalredsafindeyainmsne 9 nuil adi

a

Tl UIN PR EKAYIANTINYITARADREIUIANANEANLLANA 1T UTO SRS DBI LA LYG

L% = o v

ag19ldsdAN19ans InedianainldlunisiAuieads 29.28 wag 19.79 U suafy

o

Ly

wazlIanTINsiAaRY 37.16 war 26.53 Uil audwu afigadslifianuduiusivoun
VDITOANDDHEAINA LALIATINVBITOFNDDBVUININEY LSHT HAUUANANAUTAAAD D8R
Ing LSH2 agnaiidudAyn1sada Yszdnsainlunisvinaudaiaivessafinesy MSH2

WINNIsaRndeedn 3 Jusgrlitdedidyni1eada iesnldhnalunisddesdosaanain
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ANUNUANAYILALLAEINAUIILUAILOUNINTOFADDYIUIANANT MSHT LAZIOAADDLVUN

Tuig) LSH2

M1519 9 USTANSN1NLTNIa1UD9500 N0 oY

nafldly 4. UszAndamlu
, ANUYIIUAT P . 4 nanvigeyde PR .
Su . i (1) ASNULAYY - - AMIYNNUTaIRN
208 (lWN3) - (W) (W) P
(W) (Wasitun)

MSH1 290.66+1.95a 1.88+0.01a 28.39+1.90a 9.11+0.41a 37.51+2.31a 75.69+0.40b

MSH2 292.62+8.53a 1.89+0.06a 30.17+2.76a 5.19+1.58b 36.64+0.77a 85.78+4.60a

LSH1 278.94+1.95b 1.80+0.01b  18.83+1.66b  5.80+0.62b  24.63+1.04c 76.35£3.57b

LSH2 288.70+5.17a 1.86+0.03a 20.76+1.62b 7.68+0.54a 28.43+1.70b 72.96+2.11b

p-valve <0.05% <0.05% <0.05* <0.05* <0.05% <0.05%

o

AadeluLAazdANATINUAIBAISNYITLANANAU LanIANLANAISAuD T d AT

SEAUANULTIBDNU 95% LUSEUNEUARAEA87S LSD

4.1.6 Uszansnmlunisyinauuessasnaos

%@Haﬂ’muEJ’]’JLLﬁ%ﬂ’J’]ZJ‘Vi‘u’]LL‘IJU“U@QV]I@H@QJ@EJ@JQLLE‘IWQIU@’WTN 10 311817

o w

719URYIINTOFNDDE D88 MSH1 MSH2 LSH1 wag LSH2 JAnukansaanuag19iuedangy

o

n1add lnelinueiveudesiadey 25.0 22.5 19.3 Uay 17.2 lwUfUnT A1Ua16U Lile
5T YANUINTOFANDRLVUINNAEAIINY1IVIBUBBENINNINTAFADREVUIA LG 1
(¥ s

AMUNUILUUNIATINYB M DUB g lUlANUdURUSAUIUInBITRAnD0Y LaadiA1Al1u

MLLLIIATINYeaUSReIRAY 438.93 Alansusagnuiriiuns (11319 10)
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A1579 10 A2TIUEIIALANUNUILUUVDIVIDUD DY

L. AUNUILUUIIATI
, ANNYNINBUDDY o
U - UVNNDUDBY
(LHURALLAT) o .
(Alanusegnuieiuns)
MSH1 25.0+1.9a 430.74+2.77
MSH2 22.5+2.0b 428.89+8.05
LSH1 19.3+3.4c 449.05+7.76
LSH2 17.2+1.5d 447.04+10.41
p-valve <0.05* >0.05

AadeluLAaZaANATINUAIBAISNYITLANANAU LaAIINANLANASAue st d AT

SEAUANNLTIBIU 95% LUSEULNEUALRAEA87S LSD

NYayaUSuIuaNTUNIINTARADDUAIUARNIAITIE 11 WU USua

'
a o w a

A1.90UuNTUIDEURIIOFANDRETUINNATS MSHT diAuuana1segslidedAynsedfanusn

v Y =

fndeedn 3 fu oraidlewnanemenviousesiunninililusesvananvieudeslsien
Feaonndosturuideres Wang et al. (2018) fimugnivewisudasdimananiuazein
104888 nUsualudesfiuinniniliusinaduiovuainfuressadndosvuinnans
MSH1 1nninsadndas MSH2 uag LSH1 druiuaduievuainfuvessafndes LSH2 &
Uszanalliluansnsegnaditedfyvnsadftusadndes MSH1 eswnaudusadndes LSH2
Ususziuvesyaluiindalaudesdnfafu silviaufnunfudos egslsAinmuuiinadaievy
nnludesuaziulidsmaliuiinadaiotunuansodadosti 4 Ju Saruuandrstusgned

Y [

YAIALINI9EDR

o
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dudevy o
, - . — 719UDDY
U Tudes RbRG) AU 594U S
& @ 6 & @ 6 & @ 6 & @ 6 (LUaﬁL%um)

Waskwus)  (Wosius)  (Waswus)  (Waswwun)

MSH1 2.60+0.38a 15.95+0.85 0.88+0.46a 19.43+1.15 80.57+1.15
MSH2 1.73+0.42b  1599+1.94 0.36+0.11b  18.08+2.42 81.92+2.42
LSH1 1.43+0.11b 17.94+252 0.19+0.09b 19.56+2.52 80.44+2.52
LHS2 1.72+0.23b  13.33+4.16  0.83+0.08a 15.88+0.34  84.12+4.34

p-valve <0.05* >0.05 <0.05* >0.05 >0.05

ARl ULARLAANATINNUAIBFIDNYITLANANNY BEAIINTAINULANF1INUE19TlTd

SEAUAINULIBNU 95% LUSEULNEUALRREA87S LSD

4.1.7 nsgayde

gy devioudesluiiniudy

a

QRERRIRIN

v

NY

SHUVUIAVDITOANDBY 0

Y

ANBBYYUINNA N

1Y

o w

o

'
a

N

v a | v ~ P o |
ndeyalSuruisuseengnyidslundasdsuaniunisns 12 wuin n1s
MSH1 JUSuneu

auPpatpuNINInAnOovWIAlAY LSH1 agrsdidudidnyynieada Inefiiuasidua

nsgaydedesiade 1.04 uay 2.24 Wesidud awau Wefinnsansiududeyausuim

a A

v Y

Au3aUuanntuaee (M519 11) USuadanilsduainlueseainsadnees LSH1 Uagn31ansa

fnoey MSH 1 919l NWAANYINANNEE 81ATIdaAARBINUIUITEVRY Wang et al.

(2018) imnusinaugwilivsnudsdoUuanaswsviniuunavieudes gy deiiuiu
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M1319 12 YSunauvioudeengaideluulas

U vieudosTigapdelunias
(Uasidus)
MSH1 1.04+0.21b
MSH2 1.82+0.96ab
LSH1 2.24+0.43a
LSH2 1.79+0.62ab
p-valve <0.05*

AadTlULAaZAANATIANNMEMSNYINLANAINAL LaATIEANLLANANAUBE 1 LTyEAYT

SEAUANUIBDNU 95% LUS8ULNEUALRAEAI875 LSD

ANULFNBUDIVDUDDUAILAAIIUAITIE 13 WUINVBUDBYINTNANDBY
PUIANANLAIIULFYIRIBUINNINMDUDDYANNTORADDEIUIA ALY TAURAINULANANUD
USurudasNanuideneantiasiads 27.5 way 12.5 Wasidud auaiau hassafnoae

vuatvg lifivieudesidemeuin

A1519 13 AMUHYNIYVDIVIBUDBYIINTAAND DY

[y = & @ 2
SELAUANULEYMNY (LWUDSLTUR)

W lddemes  dewnedntdes  @emeunn
MSH1 60.00 30.00 10.00
MSH2 50.00 25.00 25.00
LSH1 95.00 5.00 0.00

LSH2 85.00 15.00 0.00
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183aAULHEN8Y09T08ANTINEDDUUAYAIUIALNIEUBINDBBYIN

M1579 14 WU anudenievessesdniinedesainnisiiuifedsiesasndesiia 4 su L

o v a = <

upnauegelitd Ay vadfvazaiulngaziiaanudsnsidnios vauzNauEsY

CY 1 =

29999998 lUTANUFUNUSAUIUINVDI50FARD DBENTTEAANI9EDR wiazilauderie

<

wntieailudiulngiuieniuanudemevessesfnfinedos

A5 14 ANULEENN18UDI5aUANTINDDDYLAZANULEENYVDINDD DY

AuEeYsessnTinesey (Uosiur) AUEeenesay (Wasidus)
U
lalFevne eomewdnitey  deveunn lalFeve ereaniay GRRLEN
MSH1 o5} 3T - [ 65.00+10.93 A P ARAER 22.78+2.55b 58.89+1.92ab 20.56+5.36a
MSH2 35.00+2.89 64.16+3.54 7.22+12.51 39.44+1.92a 55.83+3.54ab 4.17+1.18c
LSH1 37.50+5.89 59.44+6.94 9.44+9.48 32.78+11.71ab 49.44+8.22b 17.78+6.31ab
LSH2 39.44+1.92 55.83+1.18 4.17+1.18 31.11+9.48ab 65.83+3.54a 8.33+0.00b
p-valve >0.05 >0.05 >0.05 <0.05* <0.05* <0.05*

AnadeluLAaraANANAUAIBAISNYINLANANAU LaRINEANLANAS I uD sl d AT

SEAUANUTIBNU 95% LUSBUNEUALRAEAI87D LSD

4.1.8 NMITALUUVBIAUIINIARNDDUUALTAUTIVN
- a a Ao ! [ ! o ' 3 174
WeasnsssuAvesauniinuuanisiuluisdagsdunislunisiiudeya
FAWANTENUINNTVNUYeSUWaTHY denalrtoyanumuniunIsunamequassiu
lunsazudasgaeiiruanaeiuiin Faiiavedeyanisdautuvesiulunisagaeusasndey

RNNZUNNTNRaDRN LA UL L TUN oAk ULY B IR WYY
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1) NT9ALUUTDIAUIINTOFADDITUINNALAZVUIA ALY

dlefinnsannisdauiuvesiunnsadadesvuianalawazuunalg (wen
douil 3) MndeyanisindanuFunuMIIMmEgUesiuswansluaImi 47 wud1 A
nfesnsdantureshulifersiuegiuamuniosdesndnden Srsadadesuuinlveyd
anuniedentiuardendsasdsnnnisadndesruinnas 1.57 uag 1.21 whnudidu
AaliAINN11998IN 1T ALUUVDIAUIINITOFND DEVUIA LU UINNITOAADDETUINNAN
dunsdauiuiilalioguinalidedns (ssoy -15 fe -60 lwuRng lunw 47) innde
vesndindosfinadniulunisfiuieadeslunalneunt waadesd 2) ilvdinisnadadu 2
50U Fawwansnaviuvesdeliingetu (01w 48) Anudnvesnissautuvesiulddensase
swnnauaraalngluwaidesi 3 Lifanuuandsegisineu Jsiansanisnadadiu
Pnmsfiuderlunnd 2 nui anudnnnsdawiuresivlddensadndesruinnaiuas
YA IANEn 25 uag 35 WwuRAwnT kazlliAinsnesniulinegsan 2.4 uaz 2.1 wny

Y1gm1a auanu

Distance (crm) rMPa
-150-135-120-105 -90 -75 -60 -45 -30 -15 O 15 30 45 60 75 90 105 120 135 150 ==

1 | =
=.7
E @ <2 2
._S:i 1.8
£ 1.5
8 1.z
0.9
e o.s
0.3

X %4
) 0ANDDYVUINNANY MSH2 R2

) I — Distance (cm) I S— e
-150-135-120-105 -90 -75 -60 -45 -30 -15 0 15 30 45 60 75 90 105 120 135 150 2=

| 1 1 1 1 ] J ] ] | | =
= =
g 2.1
— 1.8
= 1.5
8 1.z
0.9
= o.s
0.3

) S0RANDBEUUIRLAGY LSH2 R1

AN 47 BEAIRNARAIINITOALUUYDIAUNDUAND BUKALVAITANNDDUHIU

YDITNANDDYYUIANAIHAZVUIA WAEY
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-150 0 150

n) S0ANDDLVUIANAT

-150 0 150

) SOANDDLUUIR LYY

AN 48 LEAINISIALUUYBIAUIINGOANDDYTIUN 1 WAy 2
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dlefinnsananutuiuedsfisydunnuan 0-30 wuRwASTUNSSALLY
Y89AUNTAAADOY LSH1 R1 (AW 49 n) wag LSH1 R3 (AN 49 9) WU ANNANNITER
wuvesiulddoansadndeslunlasiiianuduiuads 17.76 Wesidud (1w 49 n) way
AuTuRueas 12.59 Wesidud (nw 49 ) fdnudn 20 way 15 wuiwns mudis
NN 49 0 FunaldmseauluvesiuiaTulddedne (Svay -75 wuRwes) AANNEn
45 Wwufues WunmaheaiesdieTuiesille vilvifusianudndinaniaei

AIUNIUNITUNINERURIAUNaUfndaeloendIgndu Wasadndeer i liaugnnadaly

ANUIANENTUN Tl

Distance (cm)  —— rFa

150-135-120-105 -90 -75 -60 -45 -30 15 0 15 30 4 60 75 90 105 120 135 150 =3
D L'y El ! ! ! 2.7
E -10 \ % z.a
=] = 2.1
2 20 NS 1.8
& 30 1=
& -40 oe
-50 o.=

| ) | a o v aAa & a a s 2 &

n) Namq\iﬂqiaﬂLLuu‘U'ﬂQﬂu%qﬂiﬂmﬂaaEJSLULLUaQWQJﬂ']f]EJmu@uLQaEJ 17.76 WasL5Un
S — Distance (cm) I — e
150-135-120-1205 90 75 -60 45 30 15 0 15 30 45 60 75 90 105 120 135 150 =3

| | | 1 1 1 1 | | | | | | =

. \_ 0.3 2.7
g s S K
P . @) is
8 & 1.2
o9
o 0.6
.=

%) HARIINITIALUUYIRUIINTOFRD o8l umUasNiAMuTURURAY 12.59 Wasidud

AN 49 BEAINARAIINITIALUUYBIAUIINNDUANDBYLASVAITAANDDY LSH1 K1Y

NAUBURAE
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2) MITALUNVBIAUIINTAUTTNN

WeNAITUINAAIINITOALUUVDIFAUIINTAUTINA (AW 50) WU
FOUTINAIINIT TRl Uv AU UTluLUIRDUAT UBNUUIRD LTUDIIINTAUTINNIY
wisuidluiusadndeeiieurieudesnsadndey (21w 51) U8ITAUTINNOIANNT

WHEULDINDDREVUEYININISIAULAE LS

----- ] Distance (cm) grenes M2
-150-135-120-105 90 -75 -60 -45 -30 -15 0 15 30 45 60 75 90 105 120 135 150 3.3

=
d/ | | | u.;‘ >
= 2.4
é 2.1
— 1.8
= 1.5
8 1.2
0.9
= 0.
.=

AN 50 UEAIHNAAINNITIALUNVDIRUNAITAANTDHIUAUITAUTIVN

T =
I [

AN 51 LAAINISLARBUNYINTAUTINNAUTOANDDEYULYINY
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3) ANSPALUUYDIAUINNNITAUNLIDDE
HBNAITUINITOALUUYDIRAUINNNITNARDUTOFADBY LSH1 R1 (1N 52)

WUI1 NTTALUUYBIAUATIN 1 (21 52 3) LNAINTOAADDY LagATIN 2 LAIINTAUTINN

v 1
v

(N 52 ) MINTIUIINITTALULYDIAUILALTUNNATINLNITNABAIINIOFNDDENTD

INUIINN

Distance (cm) WMPa
-150-135-120-105 -90 -75 -60 -45 -30 -15 0 15 30 45 60 75 90 105 120 135 150

3.5

—_ 3
£ 2.5

S 2
k= 1.5

% 1
') 0.5

0

) ANANUATUNIUNTLINNEAVDIAUNDUGA
Distance {cm) MPa

-150-135-120-105 -90 -75 -60 -45 -30 -15 0 15 30 45 60 75 90 105 120 135 150

w

w

Depth (cm)

5

w

) ANAINHUAIUNIUNTLNE YRR UNAITOAN D ENTLRENADA

Distance (cm) MPa
-150-135-120-105 -90 -75 -60 -45 -30 -15 0 15 30 45 60 75 90 105 120 135 150

w

w

Depth (cm)

5

w

A) ANAIIUATUNIUNITUYINEAVIRUNAITAUTTNNNILIAUTTNNNADA

AN 52 AAUATUNIUNITUNINZAYDIAUNDUAN WA9T0ANdaY LSH1 R1 KN

WATNAITOUTINNENY
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WIANNTUINAFIINITIALUUYDIAUIINNITNAFDUSOFNOBY LSH1 R1
WU 50ARTREYI AN TEALLLYBIAUUITIATENINUATBRY (AW 53 N) WBTAUTIVN
NUY IAAANTI D ALUUYDIRUNIULAIDDELALTEIINAIDDY (NN 53 V) NITOALUUVDIAUY

IINTOANDBLLATIAUTINNYIN AN TONLULYDIRWANTY 3.3 Wnzdraaa (11w 53 )

Distance (cm) rMPa

-150-135-120-105 -90 -75 -60 -45 -30 -15 0 15 30 45 60 75 90 105 120 135 150

W

=.
1 1 l | 1 1 | I ‘\Iq CIB l 1 | ; -
2 g/ci@/-/ NS =
P . @) ie
5 o 33
(] 0:5
0.3

N) KAFNANAINATUNIUNITRINE VIR UNDURND U UNEITAND DK1Y

Distance {cm) rMEa
-150-135-120-105 -90 -75 -60 -45 -30 -15 0 15 30 45 60 75 90 105 120 135 150 ==

E
O1m = x = (B 2.7
£ 10 5 22
\.E 220 1a
g 30 -
& -40 o
-50 (o=

) NAFNAIAIUATUNIUNITUNZAVRIRUNAITOUTTNANIY

Distance (cm) A

-150-135-120-105 -90 -75 -60 -45 -30 -15 0 15 30 45 &0 75 90 105 120 135 150 2.3

2.7

5 3

p s

o 1.z

S o2

o.=

A) NAFNAIAIUATUNTUNITLNE VIR UNBUAND DU UAL NRINTAND DY

AN 53 NARIIAIAIUEIUNIUNSUTINNZAUBIALIINMSINUNEIEDY

4.1.9 HANTAATIEVNATHTANAATUBITOANDDEY

T18aLBYANANITIATIENNIUATUTANEARSVOITOANDRES 4 JU kansly
f1579 15
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’ U
VoA

MSH1 MSH2 LSH1 LSH2
Aiesadndos (P) (L) 8,000,000 8,000,000 13,000,000 12,000,000
21gn13bau (V) 10 10 10 10
Snsnenioiiug (Weddusd/2) 7 7 7 7
Operating hour (F3139/3) 8 8 8 8
WIUTUYIY () 90 90 90 90
AU5e3nw (UnA) 170,000 170,000 ~ 200,000 200,000
ANUVUILLNERY (Fiu/l3) 11.92 10.62 9.84 11.34
ANAINNTIUAITYINU
g 35.81 34.22 43.33 44.83
ALANNTALUNTTVINY
i 3.01 3.14 4.39 3.94
siahiiu (Um/an9) 31.00 31.00 31.00 31.00
AN NAUTUTOAADDE (UIN/F1) 11 11 11 11
Aldanensd (U1n/s) 39.87 41.73 53.55 47.78
AldewdsEu (UIn/di) 71.53 53.86 47.17 77.34
Al (Um/din) 111.40 95.59 100.72 125.12
AITUINANDRE (UIN/FiL) 190.00  190.00 190.00 190.00
nsldrudumudaimin (uA) 8,678 7,551 11,696 13,687
mslfnuduyudeiiud (5/0) 728 711 1,189 1,207
Auyudnimn () 101,787 84,733 145611 184,961
it (19) 8,539 7,979 14,798 16,308
seegIaAunU @) 3.95 3.44 4.67 5.73

INNTIAATIRVBYANIUATYAIANTVBITOANDBLIINAITI 16 AALARAIYIN

Y

2995080908 10 1WaSIFUR V9IT1ANTRINFADY AND1NAUTUSORRSDE 11 UINADAY A1

U1395N8190950ARTUIANARAZVLIA UG 170,000 kag 200,000 U #al AiuaIdy
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(TeyavndigdnInainensvedlssnuiinia) wuii sadndesvuianalsdidldingasiites

1% =l R I

nsadndesIuInlrgllesanadesadndesilyanitesnin drualdineulsiuaziinag

Y

wansinafuINAiusNAwNgnTINTAUUFRnTuTemEwaITadndReLAar TU 1B

NIFUNIINAIUEILNTAIUNITYNIUTIUNTN VB 9508 R0 a8l ULUaIB8NIANUE1LR A

1% '
a o Y al

287.73 lUnT WU S0ARDREUUIANARAYIUIR b slduAN T vinede 8,115

' ' 1%
= N

waz 12,692 diusiolU mMsldanuRuyuidanuiingy 720 uag 1,198 3ol 9aaunudainin
WY 93,260 way 165,286 Aiu JnAUNUTIUTLREY 8,259 uar 15,553 15 uazlisseviianlu
N1sAWWRAY 3.70 Wag 5.15 U mudiau safndeguuinnaeiianuauaAkasisyeziiaily

msfunudunsadadessualng Tunisnuiiedlunuasdeenianiuend 287.73 s wie

(%
[y

gunin
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