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Abstract

T|e objective ofthis research is to find oul ihe dominant factors on band traclols selcction

This factor can be used for evaluation cntedoD and tutlhc. modification on fomcr desigr'

The suwey descriptive analysis has apllled to accomtLish llis resea.cb The methods of
analysis Jre Dsed to obtain com[chensive infomration. such as: the nrultivanale sladsticll
analysis: aalue analysis metbod; analylical lierarchy process mcthod in luzzy decision

akilg cnvironment and analysis of crgonomic of hand traclofs dcsign Considenng six

nodel of hand tractors dcsign lvhich is generally used by conmon famcN in Wes! Java

Provincc. the BTLs modei has the hishcs! Value index based on valuc anrlysis accordance

wilh the most famers preferercc. Meanwhile. the hand lractor design with the highest

pcrforna.ce nrdcx based o. tuzzy analytial hicrarchy p.ocess nethod \t3-s the ASTS5L

model This rcscdrch also gnc sone rcconxneDdltioDs conceming with tunhcr desig!

modilication for BTL8 typc is fbcused or lransmission systed cornloD.nt air filte.
tnc.hanism. noisc lbsorber and tunclion enharccmcft utili(y. Nteanwhlle. the ASTE5L lyle
canbcmodified on iiame desisn and acce-sory'

Kerwords: hdhd dctars, truLliwriate. vulue ahab,sis.fi.4 dttdl|ti.al hi.tdt.h) Ptucess

Introduction

Thc use of hand ractors in hdonesia qas bcgun arouDd 1970's while the contrcvcaial

benveen agree and not a$ee opinion arose 
'n 

tlrat time. Some famers thiu-k Lha! band tractor

can accclerate their activities in the field and take more benefit to lhcm, ivixle the olheN
woried about the substitution of fam worker imtact. The jntroduction ofhand tfltctors jn the

19E0\ cra actually w6 very impollaDl qrecially in order to solvc thc lack ol fann laboxr

problem due !o labour nigtation ion agiculrure io nrdustrial sector.

Many hand tractors promote to the famers bul the jnfomration about lheir perfornance

alrd tunctions generally are noi satisfi€d to the famier preference. So drat h actual. the famrer

is ofren contuse io select hand tmctoreith ihcbcst pcrfomance and value.

One of th€ methods for fann nachinery selections is Fuzzy Analylical Hierarchy

Process (Fuzzy AHP) melhod. The melhod is based on l)aiflise conparisoD between all

alternativcs and decision cilerion that is constructcd by hierarchy structure of dre specific

problem (Fisure l). The best altemative is locatcd at the foclrs as a level l. It uscs the tuzzv
set concept in order io anticipate the contplex value of decisjon orlerion such as the

qualitative data or quantilative data that desoibe user prefcrences unpredictabLe €xactly. The

data js oI1en expressed by range ralLle between mnrimurn and maxilrum so that by using lhe
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firzzyfication and d€tuzzyfication process it muld be easier to solve. The tuzzy AHp merhod
in this case ismairly used to select the desisn psformance ofhand tracior.

sfstenl.farJit.:t a"dl\ ti.dI hi.r.ftht, ], ocess.

The evaluation olihe best-ielcclcd dcsign js done by usi.g the ergonomic aspccr. the
use value of hand tractor and do.rjnanl fadors of usd preiarence obtained by mullivariate
statistical analysis. The analysis 1s ftcrsed on vanablc rcduction from several p.edicted
vadables that is asumed effect lhe seleclon ofhand ltuctob in tlic ficld by user. Only iusr.l
fer! vanables grouped on doninanr factos ca. be considc.ed tu tufth.r cvahration All ollhe
analysis jr ained for nodiiied derign re.onlfrendaLion iflhcrc is any problen tbund on the

Materials and Nlelhods

The research was held in west ia\a province rvhich is mdinly produccs paddy rjce and has
maj or populatior of hand rractoN in Indonesia The .espondcnt of the rqsearch was rhe owrer
olhand tractors and fo. this occasion \!as aranged by using thedesfiplive suweymelhod.

Data was collecled ftom respondclr as i primary data, Statistic Bureau, aDd rclatcd
Govennent Agencies in the proviDcc. Thc objective data was Dainly focuscd on user
prefercDc€ of hand tractoE dcsign sclectio!. existing conditior of the arca sampllns and
engineerirg aslect ofthe tracrors Fom manuiicturer.

In oder to make the analysis easicr, thc SPSS for lvindows ver. 6.0 and luzzy
AnalyticaL Hiera.chy Proc€ss (Fuzzy AHP) based compuler support syslem were !sed. Its
procedurs consisi of se\erll st€ts. Mea.{hlle, the hierarchy models fo. tuzzy AHP rvas

constructed by anansing all vanables ideltified for factor analysis. Vanables describe alL

aspec! decision criterions slch as rechnical aspect. economical ,specl, ergonomical aspecl,
social aspect and enviomrental aspcct.

Decision analysis for hand tractor s seiection usjrg lhe Fuzzy AHP nethod is based on a
fcw staees as foilows:
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L Pairwise comparison among aliematives and vanable analysis

2. Rating forluzl criterion
3. Weighting forrzz-! criterion by using the eisen vecior gradienl, and

4. N,laximum and minimum painvise elimination method

Results and Disdussion

Considerins 5 najor ry?e of hand tractoB that werc used by most famer itr the field c.g.

BTL8, BGl, BG9. AST85L and ATSI05 lype The AST85L is hand lractor with thc best

perfomance accordinS to all cnterion aDalyzed (Table l) Ilall oflrand traclols perfonnances

are colnparcd by its production cost jndex, the IITLs lype in tlis case has lhe highest use

lalue inde{ (Table 2J. The lse value lndcx is a value reach lb. specific pcfomance of the

design with spccific production cosl tu tu]fiI ils perfonnance (N4iles. 19 72) The use valL'e can

be expressedly fomrula as follorvs:

P.,t.rnn ..: It1J.tlih,irl,\: '
Cost in'le\

Pefonnance index is obtdined lrom fuzzl, AHI melhod. while ost index lion standardized

production cost ofcach allematives dcsig.

T,hl" I P.tf.rnan.:e ndcttan /u..)' ahp alt ha"d ttactots.
TYPL Oi I]AND I'1]NII\{U\,1 T,IAXIMIJM AVEfu\Ct

NO IIiACTOII PhRlrORNl.\r_Ch PLPJOId\'tAN(iF fERIOR\lAr_al:
TNI]IX INL]DX INDE\

I BTLS
2 BCI

,1 ASl85r

Ibbl" 2. P",k',,,r -
IYPIOF AVI]IIAGF |ROOUCTION PRODUCIION VAI-IJE

I.IO HAND P€RFORMANC COST OI; IIAND COST INDIX OI' INDFX
Tfu\CIOR ! INIJIJX IRACTOR ] IIAND TRACTOR:

20 50

20 25

100.00 60 2i
100.00 62 i0
100.00 60.15

100.00 6?.10
t00 00 60.25

] BTL3
2 BGI
] BG9

60.25 2210000{-1005 us$) ,1sj7 I ?.10

62.1A 2360000 (-13!0 Us$) 62 36 0998
60.15 2600000 (-1102 us$) 5?14 1.056

4 AST85L 67 30 303?500 (-140,1US$) 67 36 0.992

5 ATSTO5 60.25 4t50000 (-2069 Us$) 10000 0.601

Notes: )OnRupiahbasnbelonmoDela.t.nris.nl99T{lUSdollarequallo1200RuPi.hlr) Siandardized on pe'ccn raso ba sh and n ir obta,.edby dividinE al! production.on vith dre hishen

There are ttuee major factors as doninani faclors on hand t.actors deslgn selection bv

respondcnt ftom mxltivariale a.alysis (lable 3) The results are sunmari2ed belowr F,rr
/t.rrr is the factor lhat expresses the cluaoteistic of e.gononic. snch as \ ibration noise

Level. load factor. gas and h€alh cxhansted in relation with ai. cooling syslem ofhand tractor
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design and its design perfomrance. Secotlll fdctot is the factor accordance with technical

characteristic like lilelime ofthe system. tulclional aspect. lype of work. ac.essibility and the

local conrponeni content perccnlage of hand tractor. The n1r1i fuctot is ihe facior that

dctennines the social ard econonical aspec!. such as how nrucl benefit and how casy 10

adopt information about hand tractor lechDology and operalion by far'tner as a user.

7-b" td tub ". t !.db) la.a,a -.
NO. ASTECT

l. lcch icalIspeci Cooline sy$on
2

l.

6.

1

9

I0 E cononi.al Aspect l-o.alr.dpoienr coDrent

ll Fnln im.rhl Ac.e\sb,li(!
@- so.ior.ono-.r'
ll. SocialAspe.t Kno$ledlcl.velandnlomati.ndiptudu.r

Thc BTL8 lype is the nost popular design for the irnncrs in wcst Jiiva provi.ce lt has

thc cbeapcn selling frl.e lfcomprre Bitlr othes. Thc BTL8 has to bc nroditied on tlre dcsign

acco ing 1o irs lenirmance cspccially on nansmission syncm l1 needs,nore lruman body

fowcr to ddrc ard luming tecausc it d.es nol havc spccific lraDsnission gear lbr tuminS

movcmcnl. Considering olerall parfomran.e nr thc ficld. drc fanne.s need lrard tmctois
dcsign likc thc AST85l-. but urfonunltel] iN fricc too cxpcnsivc lor rnosl tamers. So th31

thc tractor wjth the best overall pcrfomance is not guaranlccing concorda.ce witlr xscr

preference to select It is becalsc the highly Froduction cost ofhand lraclor ca. matc lhc
higler selLing lrice conseqncll]y. Logically. Ihc hisher sclling !.ice can nake t|e bader ro

entry oflhe p.oduct in ihe markcl.
The ergonomic evalualion has been donc to bolh typcs olhand lractors 1BTLE typc aDd

ASI85L type). Gene.ally. the BlL8 lype has highcr Doise lelcl than AST85I. type on

optimum cnsinc operaling speed lasis (aboui 1300 1650 rplt as sholv! iD Table'1. In this

case. BTLS iras 96 dB(A) nojse lelcL thile AST85L has 86 dB(A). Thcreforc. it js

recommended that for B1L8 type is not used longer than 10lour continuously. For safety

operation ir can bc used around two up to lour hour jilen'al betwccn rcst and operalion.

Ac.ording to Occupational Safely and lleallh Act / OSHA (1931). thc time erPosures llmit
for workins condition with noise level I 00 dB(A). 95 dB(A) and 90 dB(A) arc 2. 4 and 8 hour
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Table 1. Nobe lercllot ha d ttoclot B713 tpeenl AST85\ t:pe an di/lircnt ehpihe

TI{ND TII,{CTOR B'I'L8
Eneine Speed Range (RPM)
Average Noise Level dB(A)
H$^D TITACTOR AST85L
Engine spccd Range (RIM)
Ave'age Noise Level dB(A)

RTMI RPIVI2

660 670 893 - 919
82 84

665 68i 86i - 912
t8 ?9

RPM3 RPM4 RPM5

1295 - r31l l62E, 1638 2213 - 222?
36 96 96

ri00 - r:09 1629 t9a2 222E 223a
86 E6 90

The dinension of both hand tractors has bccn measur€d bascd oD famrc.s
anthropomelric data that las l_an;liar xsing falm maclrinof and equipmcDt. In general. thc
dimension ofboth hand tractoE is appropnate 1br thc famer. excepr lia lc height posiiion
for ASTs5L (Table 5). It Decds modificalion to lit i! with user prelerence. 1r is beiler to set
the height olhandle column position olASTE5l- lypc lowcr rhan lll.50 dn to bcconre ranue
oflreight among 69.75 up to 108.00 cn.

Table 5. Optnnuh height a drid tN\ilianafha dlc.ahnu drivr Ioh e\itinp desie
dn.t bdsed anlctd n.d'!?n.rt

DINl ENSION VA]iI/\BLE HAI\T) I IIA']JI)R TYPF oPTIi!1L\4 lOSrtON
ITIIJASURIDBILS

lt i0

Design imlroyemcnt of BTL8 t}1). or tran$ission syslen conrponcnt (transrnisijon
gear. V'beit cover and crgc shccll. .n filter mcchanisnr. noise absorbcr and irn.rion
cnhaDcernenr utility. Modification has t. be done conceming its ergonrmic perfonrance ard
thc probleft on tuming mcchanisn in the lleld On ASTE5L type rhere is !o doubt lo use j! in
1he ficld- ex.ept it should be mldificd o! hcighr posirion ofhandle column for easy dnling
mechanism. So that the locus ofdesi$ nnprovemeDl is on fiame design and accessory such
as puddler. leveller. and cage $hecl.

The reconmendation for tudhcr developnenr of hand t.actor design comes iiom lhc
resllt of faclor analysis. This riewpoint ol user opinion can bc obsened deepty bl th.
evaluation oflhe design has beed doie Ii * easy ro rake mor€ ifonnarion lbr ltis stage by
usirg anribute analysis fron user response to thc general perfonna!.e ofthe obsened design.
Furt|er analysis about the attibute analFis ald conponent modificalion selection on ihis
paper is not disclsscd.

Conclusion

The domina.t tactors that affco uscr treferences oD hand tractofs design selection wen
mainly related o! ergonomic faclor charLrcterinic. techrjcal factor characterjsric and soc;o
cconomic faotor charactenstc The resuk selcction f.om 5 typc of land iractoN rhat was
analyzed by tuzry AHP based compurer suppolr systeDl is AST85L tirr thc best overatl
perfurmancc. Meanwhile the BTLS has bctld use valuc lhan ASTEsL due to low€.
production cost. although it olerall pe.fo'rnance is nor as big as AST85L type has. Theretore.
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in a,tuat condir,on rss D-clrrheBl 8 rvpe-corD'rc ro Asl85- voe rhe BlrS'el in:

.;.. i ".. 
**"i'. i"' mo:t rh-mcrc tr rr J lF d

t ' 't,'*"nrl- ...r*,1"1 hd' siowr Ll'r b' \ | arro r-a'(or' hdre ereng h in onP rdP -'d

-*"l',i""i'i" ",'"' "" 
i n BrLs h - ooor per roil:ffi:i,.:Ji:,il:i:ii:';#1::

rcduced. whrle the AST85L ha! lo be moULhcd 'I
,,.etr.orfo1"be lte ocu'ul B lbdcrgr rloJ r''dr;o' I'mdinlyorrle'\ncalaDe' r\

l.";,;';"; .t: - ."ce shFer' \ be I !'\e- 'oo'irp n rem zr d e po1"11ic a-pe'. 'L

:, ;'; ;; ; ." rr oe i" no n"cd u I or ). o Lr e gerP'dr 5\ ''ern or tr-( A5 rc'r loe

:-:; ,";; .; ;. ""' "' 
or '1dr" 'or '1 b"r r' \ve' rnd r' be'or e dPr'oDnar( ro u (
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