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Chapter I

INTRDUCTIN

Hice is the staple mbd of approximately half of the
worlid's population. 1in the international Rice Year celsbrated
under ’che auspices of the United Hations in 1966, 1t vas
described as the ‘grain of life', and the emblaewm of the |
gelobrations carried the monogram 'Freedom from Hungart, which
bore testimony to the ipportancas of rice sas an important food
material on the international horizon. Rice produces waxinum
calorieg per unit area of land among the cereals and is aéaptabl@

to a wide agro-climatic conditions.

india, the country having the oldest known rice specinen
of the world, is also the sacond largest rice producer, with an
estimated annual cultivated area of 38.6 willion hectaras and
production of 43.8 miilion tonuss of rice (76) -.\ The area and
production of rice in India for the last one decade qxnding 1977,

are ghown in Fig. 1.9.

Among the various methods of raising rice erop, western
countries have adopted direet seeding, as the labour ia scarce
and costlier and the area is axtensive,; but in the Bouth-East
Asizn countries whers 90 per cent of the worldls rica is Igmwn
and consused, two third of the rice is still trmxs;:l;mted under
water availability conditions, despite its higher labour

raquirsmants (12).
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Transplanting which essentially refers to the planting
of seedlings grown in a nursery, in the prepared fioldl with the
recomuended plant hill density, has a series of advantages like
(i) the oce‘.upa;tion time of the {ield is 2 to 4 wecks less than
with direct seading (i1) less seed requirement (iii) permits
rearing healthy seedlings in the nursery (iv) helps the plant
a batter start over the vweeds dus to thorough cultivation and
homogenaous puddiing (v) invigorates the plants when planted
by putting forth iresh roots in all directions with an axténded
root system thus facilitating a better utilisation of plant food
from all around (¥i) less ssnsitive to drought and hewvy rainy
conditiong (vii) allows betisr water panageneni preventing
percolation (wiii) éllowﬂ easy weeding and other intereultural
oparabions (i;) permits optimum plant spacing, witich is critical
for higher yields and (x) ensures a uniform stand preventing
tendency for lodging{ii).

The advantages of machine transplanting are well~known.
it provides relief from a tedious and awkward bending postin-o,
avoids dipping of the fingera in the puddled soil and reduces
the‘human snergy expenditure. Voa (80) reported that in bhending
| posture similar to that followed in padd_y transpianting, an
extras anergy expenditure of about 2 Keal/min and heart-rate

increase of 35 per cent was raguired. Some other known advantages



of machine transplanting are (a) wniform and degired plant hill
density and depth of planting (b) saving in labour during peak
period {(e¢) tiuveliness of operation and (d) line transplanting
at o extra cost making weeding and intemulture easiar.

In India; transplanting of rice ia atill done by manual
labour, mostly the hired labour. The bunch of ssedlings is held
in the Left hand and 2 tao. b meedlings separated by the right hand
are fixed in the puddled fieid. This obviously 1s quite tire-
some, inconvenient and irritating to workers. Garg and Singh (70)
reported that the number of hills per squars metre in the paddy
transplanted by hired labour ranged from 18 to 28 as against
the recopuwended about 33 hills per square metre. Saini (6L)
also reported that 90 per cent of the 1000 fieilds surveyed in
Punjab s had less thon 30 hills per square metrs. The labourers
paid on the basis of erea covered known to Keep plant hill
densitly lov in the centre éf the field. The humen error also
increases exponentizlly with the rate of planting. Huang and.
Spiinter (22) reported that from the humun engineering point
of view, the maximum transplanting speed should be limlited
to 2.% kmph, while the contract labourers atbtempt to exeed this
1imit t0 a bid to cover more arean. Fig. 1.2 shovws a ‘B:micél

paddy transplanting scene on an Indian farm.
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In the area of wet-riee cultivation, Japan hapuens to be
the most mechanised country in Asia snd tho worlde It has an
average yield of 6, 185 kg/ha as against 1,877 kg/he of Indin
(77}« Jepen has halved the total labour requirvement for paddy
cultivation from 212 mun~-days to about 100 man-days, in which
the labour for transplanting has baen reduced from 30 man~days
%0 15 nan-dsys with the use of nachine transplanting (18).
in 1976 as many as 1.07 million transplanting macliines were
reporbed w be in use in Japan. 54130 of the total 2.72% million
heciares of paddy area, G0.4 per cent vas mechanically transpianted
(37)e 7Flge 1.3 shows a typicsl machine transplanting on a
Japansge farm. The total labour~requirewment for wet-rice cultlie-
vation in India is reported to bs varying from 133 to 181
man~days/na, undar conventional methody eut of which 2% to 30
pan-days are for tramylzmiing alone (56, 71). In ceriain

countries like Sensgal, Lransplanting requires 45 manedays/ha (k).

Although Japaness nmachinas are funchtionslly satisfactory,
there aro pany problemd like couplex mechanign, high fnd€ial
and running cost,; difficulty in coplng with the fisld wnd seedling
conditions, and diffiocult technique of gseedling ralsing (16469).
Thasae are bsyond the espacelty of an average farpar of congervative

nabhura and moke the Jepanese machines wnsiiable for Asian farms.

Considerable progress has been made in the area of direct

seeding of paddy in conjunction with chemical wesd control, yet




trangplanting continuss %0 be the woat widely accepted nmethod
in India and most other Asian countriss. lHence eifforts to
develop paddy transplanting wechanisms and devices for conven-
tional. sesdlings continue to heofconsiderabla interast to the
farmers in India and othar' rice~growing countrieg. It was,
therefore, decided to develop and teat a fpadd:f transplanting
mechanism for conventional seedlings, which should be versatile
ernough to operats with human, animal and mechanical power

UrCe s,

Tho following objectives were aet for the ressarch reported
in this thegis: |

1« 70 design and develop a mechamnism for trangplanting
gonventional paddy ssediinga.
2. 7o test the tranaplanting mechanism under laboratory
- gonditions.
3. 7o identify the parameters and estoblish their rangs
for optimal operation of the wnit designed under
objective (1)



working environment, increased resting time and reduced mental
load for safe and preciss work (78). Manual transplanting of
paddy is quite tsdious. DBesides, spproximately 30 per cent of
ths total labour rvequired for rice production is accomnta.d‘ for
transplanting (29)e Attempts pads to evolve different mechanisms
for paddy transpianting have bsen briefiy reviewed.

2eTel Tranasplanting aids and semi-automatic transplonters

Although, it was hardly a decade back that the transplanting
machines were successf{uily introduced in Japan, the dreanm of
mechanizing this dfficuilt operation had bvloomed in the minds of
Japanese farmers towards the snd of ninateenth century, when the
first patent for a Hransplanter was obbalned in 1898 (€8). However,
the first transplanting device was used in Taiwan in enrly ninteen
fiftics (134 71)e It was a siuple aid consisting of an iron rod
with a fork forged at one ends & wooden hendle was fltted at
the other end. It had a length of 45 om (Fig. 2.1)e Two to
four plants were xlipped on Lo the fork and the tool was inserted
into the mud and then withdrawn lsaving the seadlings in the
puddied soil. This contribubsd to increased rate of transplanting
by about 20 per cent but as it requirad considerable giill and
experience it soon becume obgolete. The major drawbsck that the
depth of planting could mot he gensed by the opsrator, vas over-
cone by adding a small bezse plote, but Lt ptill did ot becone

pepuhr.




FIG. 2,1 HAND TRANSPLANTING AID (FAOy 1966)

o | h : v J——disk with grabs; 2~ grobe; k
J—cum c!ostng &hc Beabs; G—preas and disk-driving wheel; 5— opener: 8—
coverer; 7--curt holding seedlings; 8 — woler conialner; §— olastic. hosa; 10~ ball
VQIVQ: u -~ yalve-preising spring; 13— cross beern; j3— platformy 14 — guppalt
bexn; a) detail of an sautomatic water-sprinkling device.

: . . .
FIG, 2.2 BEMI-AUPOMATI{} TRANSPLANTER(Bernacki et al, 1972}

SRS



1i

ic transplanter in operation

(Mechanical Trensplanter Co., UsS.A., 1979)

FIG. 2.3 Semi-automat




12

| Semi-auntosatlc machines were developed for trangplanting
secdiings of crops 1like tomatoas, tobacco, cabuage ete. in
western countries (3). Their principlas of operation is shown
in Pig. 2.2. Usuaily drawn by a tractor, suwh a devige conglated
0f a furrow opener, a revolving disc with a geries of rubber
padded grabs at its psripnery and a pedr of praas-whadla.' The.
workers sitting on the seat pmwvidsd, picked the seedlings from
ﬁha cantainar and placed then upsidc down betwwen grab Jjaws
opaened by a stationary came. The seediings were inken to the
rurrov and platited in an erect position. The press-wheels
compacied the surface %o ensure firm planting of the sesdliings
(Fige 2¢3). Used under dry field conditions, these machines
ware sometimes provided with a water tank and automatic valve

system O water the seedlings being transplanted.

A three~yow transplanting aid for paddy was degigned ab
TeleTey Dalhi (h3)e It consisted of a main frawve, three
seedling~dropping tubes, a Spring loaded and hinged sasdling
retainer at the botton, thrae planting fingers and an actuating
machanism (Fig. 2. '4). The device and seediing tray were
suspended frow the neck of the opsrator wno picked a few sedad-
lings and dropped them through the tubes. Thess remained
upright on the retainer plate. @n 1ifting the handle of the
actuating mechanism, the fingers wers opened to gragp the

dropped seedlings. The finger asgsemblLy was then poved downward
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and the fingers wors again opsned to leave the geedlings erect
in the soil. This device was reported t9 raquire about 300

- pan~hours/ha which ﬁracticel.ly saved no laboure

Ben-Hun (2) reported the design of a wooden rice transe-
planter platforpm that could be drawn over the paddy field by a
single animal (Fig. 2.%9)e It was 240 cm long, 70 en wide
and 12 em high with eight adjustsble pegs for marking underneath,
‘“he persons gat on the platform in eross-legged posture. A
worker picked up 6 to & seedliings from the bunch kept on his
lap, divided them into two halves and then transplanted by
hoth hands in two adjacent markings left by the psgs. It was
claimgd that fowr trained workers and a driver couwld do the
work of fifteen labourers (2). '

2¢1.2 Transplanterg with pleking and planting fingers

Transplanters belonging %o this category ars mechanical
contrivances designed to replace the human fingers by wechanical
fingers, wnich pick up the required number of seediings fronm a
tray and plant them in the puddied field, similar to hande
transpianting. Thege are of two types. ne, uging washed-root
aendiings (conventional) and, the other, using ron-conventional
seedlings, i.e. band=type, continuwus band-types or mai-tLype
secdiings raised in a special nursery uzing trays or other

frame wWork.
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2.1.2.1 Transplanters using conventional sesdlings: GStout (13)
deseribad a8 Chinese hand-operated transplanter (Pige 2.6). It
consisted of a box to hold the ssedlings, mounted on a gledge
platforme A movoble partition pushed the seediings to the

rear of the boxe A set of saven pinecars, eax;trolled by the
operator through the pivoted pair of handles, grasped the
3eedlings from the box and forcsd them inko the puddl.ed ground.
4 ginpilay pachine vas contemporarily developed in Japan hud

the sane method of operation (13).

Thneae machines are reportad to have falled dus to the

following reasgons:

1. Thoass vere wieconople - the increase in rate of
planting was insufficient te justify their cost.

2¢ 'The planss dlid not get in ths mud; afier opening,
the pineer did not reiease the plant properly.

3. The nunber of plants set varied consgiderably

especially vhen there was variation in plant size.

L, wWastage of planis ofiten resuilted from rooh entangie-
ments plants vwere pulled out of the box and lost

before beling propsriy sele .

& two=row manualily oOpesrated transplanting mechaniasm was
trisd at Coimbatore in 1962 (63). It had eight tweaszer-type

pickers (Fig. 2.7) and its working was similar to the Chinese
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FIG. 2.7 Hand-operated double tray transplanter
(RNAM, 1979)

FIG. 2.8 Animal-drawn L-row transplanter (RNAM, 1979)



1

version. As the performance was rot satisfactory, it was aband-
oned and the development of a h=pow animel-drawn transplanter was
taken wp (63). This consisted of a shaft driven by the ground-
wheel which carried 8 radial cylinders (Fig. 2.8). At the end
of each cylinder, fowr pickers were fixed parallel to the shaft.
A wire comb was [ixed inside the sesdling tray to keep the seed~
iings in position. The tray was moved to and fro. As the
plckers entered the tray, they picked the mesdlings, and planted
them in the soil, when they reached the botiom énost pasition.
This machanisgm was reported @ be needing further improvements
for satisfactory functioning (63).

4 four~-row wooden paddy transplanbter was developed in
1964 by HelofeEe (13, 49, 71). It consisted of a flost which
carried the main frame with two members on aither end. These
mexbers had grooves at their inner side through which a hori-
zontal mepber, with four-sets of fingers could zlide up and
down by manuaily lifting and lowering the handle fitted to it.
A lever provided at the upper end of this handle actuated the
fingers to pick the seadlings from & boxy and to relense them
in the 301l (Fige 2.9)e¢ 4 spring loaded mayablo pla,tu pushed
the geedlings towards the opening of the sesdling box. This
trongplanter was algo tested at Practor Training aend Testing
Cenire, Budni in 1966 and its capacity was reported to be
2 acras/day under optimum field conditions (71,79). lowever,

labour saving was substantially reduced due %o loss of time in
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washing, pruning and arranging the seedlings in the box and
periodieal. cleaning of the fingers sgainst sticking soil.

Miura (#6) reported a pover-tiller operatsd machine
introduced in Japan in 1965 (Fige 2.10)e 1t used washaderoot,
conventional secdiings which wers kapt in the upright position
in the seediing box. n engaging the clubch, the planting
clavw moved tuv the seedling box and grasped a hill of seedlings,
puiled theis out and tranzgfered to the ground levelled by a
toard attached % the mechaniaw. The claw opened on touching
the ground leaving the sesdlings aerect and then ratwrned to
its original position to repeat the operation. 4 device to
check the tuking out of unwanted seedlings dus to root entangle-
ment vas provided. The seedling box wéz moved transversely -
after avery pieking so that the clav could grasp new seedlings
regiarly. This had six different sizes of interchangsable
glaws to accomodate differant seedling diameters to siaure
eorrect nuuber of seedlings per hill. The depth of planiing was
adjusted by moving the levelling board up or down with the help
of a turm otuckie. The row W oW distancs was 30 cm, vwhile the
hill to hiil distance was adjustable from 12 to 16 cm, by
changing the bhelt puiley. datisfactory performence, at a rate
of 100 to 120 hills/min per yow, requiring 30 to 35 hrs/ha,
ecould be obtained only when ssedling height was between 18 and

39 cm, oot length was less than § emy number of tillers was lesi
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FIG. 2.10 POWER-TILLER ATTACHMENT FOR TRANSPLANTING
: PADDY SBEDLINGS (Miura, 1966)

FIG. 2.1 AN IMPROVED TILLER ATTACHMENT FOR TRANSPLANTING
PADDY SEEDLINGS (Hoshino, 1969)
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FIG. 2.12 OPERATION OF THE TAKE-OUT ANWD PLANTING ARMS OF THE

TMFROVED ATTACHMENT (Hoshino, 1969)
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than two and they were hard, the field was ploughed leas

than 15 co, unmatured coingost or cut weads were not atrewn
on the field surface and the #0il was not so hard and eompact
after about 24 hours of careful puddiing. Any change in
these conditions resulted in highexr percentage of mia_sihg,
fioating of scedlings, improper depth and difficul.ty in

forvard novenent of the machine.

Hoshino (19) reported a powsr-tiiler driven p.t.o.
operated transplanter which was marketed in the sixties in
Japan (Fige 2.11)e It was equipped with a rotary take-out
axm which picked out 2 to L geedlings by its c];aw and piaced
then over a 'ssedling receiving spring' as ghown in Fig. 2.12
Those ware subsequently received by the "pinch spring' of
the planting arm and planted in the soil. The device could
transplant two rows of paddy at 30 cm spacing with an
adjustable hill to hill distance of 12 to 18 em a%t a rate of
120 to 180 hills/min per row and requirad 10 te 12 hrs/ha.

Mehapatra (4¥2) developed a ten-row menusl device
knownt ag Amnapwma Paddy Transpianter. It resenbled the
HeloAslDe degsign in construction and operation. lHads of
iron and wood, it peasured 100 cop in length, 10 onw in width,
60 o in height and weighed 35 kg (Fige 2.13)s 7The Eau of
the devics served as a fioat and carried-z detachable seed~

iing tray. The ten sets of fingers, when actuated by the
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FIG. 2.13 ANNAPURNA PARDY TRALSPLANTER (Mahapatra, 1973)
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- operator through the linkages fitted on the handle, passed
through a feeder set, pilcked seedlings fron the tyay, returned
and planted them in the soil. Though the feedsr sst was to
keep back the excess sa‘ed:i.‘inga, it was ot very effective.

A gliding mechanism moved the ftray to end £ro enabling the
fingers to pick up seedlings systematically. A palr of
vhesly, provided for easy forward movenment, had %0 be removed
in puddied and looge soil. It plantesd the seedling at an
adjustable depth of 2 to % ca ab an angle of about ?50 with

a hill %o hill distance of 10 cme Xow spacing was adjustable
around 20 one Ssedlings of 20 to 30 doys age and 15 to 20 om
hoight with 3 to b om long roots were ideal. Length of stem
and roots were cub o the reouired siza, ?rax%splanttimg ecould
be dons in standing water of 1 ©2 cb depth with a puddied
depth of 6 10 8 . Under idesl field zonditions, migsing
nills of less than 10 per cent was claimed, bub in actual fleld
conditions as much ag 37 per cent missing and 500 man-hours

of iabour requirement was reported (70},

Sandnu (66) veported a bullockedrawn mechanism for
convenbional seadlings. It consisted of a wooden circular
dise of 79 om diamater, with a dozen apring loaded fingers
of 15 cm Length arranged radially at the periphery. The disc
vas driven by a ground wheal by meang of a chain & sprockst

a3 the mechanism vwas drawn forward (Fig. 2.1%). The seedlings
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arranged in a box, after cleaning and sizing vsre gripped

- and releaged in the 80il by the fingers bthat were cpened
and closed by a pair of atationary wooden cams, suitably
positionsd. The frame work had no float, but a gouge wheel
at the rear could be moved up or down to adjust the depth
of piantings Though the performence was encowraging, the
unpredictabils beheviour of the seedlings presentad a practi~
.cally inefficient operution and the designer tried five
diflerent seedling fesding mechanisms, namely; (i) seediings
heid in a box and pushed at the root by a member loaded by
& coppragsion spring, tovards the narrow epening &l the root
‘lavel of the box froni, (ii) seedlings suépendsd by hand and
arranged by both the hands {(iii) seediings held by clip
Loaded by a torsion apring with the roots downwards, the
clip pressing the nmiddle of the plant (iv) seedlings pressed
by the clip but arranged on & horigontal platiorm that reci-
procated roots projecting out of the platform for gripping
by the fingers, (this was also tried in vertical position),
{v) displacing. the plcking fingers in a zig=-zag panner -at
the disc pesriphery, seaedlings being fed through a hox and
retained loosely by 8 little forée at the leavas only.
Howaver, obsorvntions showsd that further improvements vere
required (66).

parida and Das (55) reported the laboratory test

‘resulis of an experimental sutomatic transpianter developed
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8t TeloTey Knaragpur. It consisted of a tray tO hold and
foed the seedlings, a finger mechanism to pick up and releage
the seedlings, and a mechanisn fo oscllliate the finger cguem
DLy betuesn the points of pleking and reloase as ghown in
¥ife 215« The seediing tray of 92 cm x 22 c@ X 15 con size
had two compartments inside it, which held the seedlé.ngs% By
neans of a screw feeding system the seedlings were pushed
contimpusly towards the tray opening with the aid of a com
and forlower pair and a gear boX. 7The tray moved forward ab
vhe time of picking the seediings and then backward. 4 set
of fingers were mounted on a platform. The finger-hend
passed throungh a agquare shaft, the oscillating motion of which
transmitted the power to the finger by two pairs of slider
crark ampangementss The square shaft vwas oscillated by a cam
and follover poir, :ﬁhich allovwed the fingers 1o open and cloae
éﬁ specific distance along the path of their movement. The
platform with the fingers moved up and down by & slider crank
mechanism that converted the imput crank rotation into reeci-
proeating motion of the finger-head,. The stroke was 20 adjusted
- that the fingers releasad the seediings 5 cm below the moil
surface. The overall econgtruction of ths mschaniam was quite
cumbersoms amploying ma' many compénents. Laboratery teats
showed that the numbey of sdedlings per hill varied f{rom

1 t0 8 and planting was dons at angies of 60° to 90° with
percentage of missing hills renging from 12.5 to 21«
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A seli-propslied 12-row transplonter for seediings of
20 to 20 cm length with washed and trimméd Tootgy was reported
to be used in China (63). Having a working width of 210 cm, it
covered O.14 to 0.23 ha/hr. The row spacing was adjustable
from 10 to 20 ew and planting depth f£rom 3.5 to 7.0 e, Povered
by a 4 hp gasoline engine, lbtes fuel consmumption was reported
0 be 0.5 to 0.8 litre/hr. It weighed 310 kg. The planting
unit was hitched & the front frame having sngine and steéring
(Pige 2016). lor its smooth working, it was reported that the
fieid should be level with standing water of 2 10 % cm depth,

Turther modifications in this maching were carried out
in Xorea and a f-row unit was developed '(Fig. 2¢17)¢ The
engine pmounting and power transmission of this was so designed
that thaese could bs used for other farming operations 1ike
weading spraying, manhure digtribution este., also. VYelghing 290
kgy it could be worked at speeds of 0.36 9 0.50 w/sec and
covered 0.125 ha/bry with & row spacing of 1k em. Two persons
wore required. Problems like exceasive number of 3 to 11’
ssedliﬁgsfhill, higher missing hills upto 50 pesr cent were found
in initia), trials in Pakistan (394 3@),:.. Howaver, on modifi-
cation, miszing was reporied to have been reduced to about 8
per cente A4 7-row animal drawn machine was alsd reported to be

under development in Pakistan (63).

In order to reduce the labour regquirement ol uprooting

the conventional nursery, & seedling plucker was developed in




¥IG. 2.17 A 6-ROW KOREAN TRANSFLANTER (RNAM, 1979)
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Japan (20)e Hawing an oversll dimensions of 115 cm length,

52 en width, 85 on height and 35 kg weight, it was adaptable
for drilled-nursery vith a row sgpacing of 75 cm and width of
1.0 o (Fig. 2.18)s It was powersd by a two-cycle, sir-cooled
engine of 1.7 hp. The process of plucking consisted of goften-
ing the soli around the roots of ssedlings and cutting longer
r00ts by the rotating seil breaking rod, grasping, pulling and
conveying the seediings by the pulling-belt moving in the
upvard direction, and finally -storing the seediings in the
seed boxas. The rear wheel drovethe machine, while the front
vhasl helped to adjust the depth of s0il breeking and pulling.
4 80il take=-off apparatus to clean the »oots was provided
below the bolt. Twd belts moving at different gpeads ailded
in adjuéting the posture of seedlings. The machine worked at
a spaed of 0,36 to 0.5k kmph and took 10 %o 15 hrs to pluek
the seadlingg to be tyansplanbed in 1 ha. A apongy rod typs
moil taks-off arrangement worksd well in dry =0il, vhile a
comb claw type had %o be used for wet soil. Further improve-

mengs wers reported to be underway.

2¢12.2 Transplanters using noa-conventional seedlings: As
 the reduction of labour was 1ot gubstantisl and the difficulties
in performance Were unavoidable, the trend in Japan was to

raise gseediings with soil. %hese weve cailed non-washed
seedliings and vere of four Hypes viz. hand-typs, continuous

band=-type, pot-typ® and mat-type (19). These were ::ais.éd in



3.

poxes. In the band-type, the box was divided by partitions
o provide buands of seediings which ware 7 to 10 mm wide.
Phe bands were cub at the time of transplanting, into blocks
of 10 to 15 mm Length. | | |

In the conviauous baond-type, the partitions did not
span from edge to edpe, so that the sesdlings when grown
took the shape of a caxﬁtinuaus bund excending from one cornex
of the Wox %o the diagonally opposite corner {(Pig. 2.19).

This was als0 to be cut inte blocks at ths time of transplanting.

In the pob=type, tho box was divided into blocks or
pots by latties Like partitions (Fig. 2.19). The seedlings
grown in this wvers ready to use without cutiding.

In the mat-type, the box was kept open without any
ﬁart:a;tmn and the seedlings graw like a mat, with their roots
intervovene The transplanting wnit had a cutting edge to
slice out blocks of seadlings {rom the nat.

The non-washed sgedlings were raiged in green houses
on o co-operative basis. A green housa of 9.6 m x 4.56 m gize
made of stesl structure and covered with 0.5 mm polythylsne
gheet could cater the nead of 30 ha of field in 15 days (39).
Accurate plantera for uniform seeding and steam or glectric
gorminators to ensure maxinus germination were invaviably

euployed, o8 the characterigtics of the nursery deteorpined the
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Pot-typs nursery box.

FIG. 2.19 SEEDLING BOXES FOR
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FiG, '20 20 TRANSPLANTING MACHINE FOR SOIL BBARTNG SEEDLING

(Miura, 1960)




(%]
oy

perfornsnes of the machines (31)« The s?eé.d:i-.ng rate depended

on the age of seedlings required. Thus, for fourth leaf stuge,
the rate was 4 grains/1.5 sq.n and for fifth leaf stapge it

was % grains/1.7 sq.cme. Higher secding densliy dgtopped the
leal elongation soon after the three—i.eaf stage (1) Similariy,
a lower density resuited in more mlssings (31). Substitutes
for bed soil, iike rice hull, paper pulp and sludges, crushed
riee straw, processed cattle excrstion, plastic poewder and

some sVl mwix, were tried and found to be satisfactory, though
the missing and floating of se=diings were pors than natural
soil (53)e Bed iis of over 40 varisties were reported tv be
conpercially available in Jepan {18). Haiging the szediings
congigted of preparing ang treating the bed soil with chemicals,
diginfectants and fertillgers, sseding with selected and dige
infected seed, pregerpinated to sbout 1.00 mw at the rats of
200 to 250 gm/box, and caring Like supply of awple vater, and
incubation at 390('3 for 2 o 3 days. A% the 2 to 3 leul stage
after 1 S to 25 days of sowing, the sesdlings would be oi‘lS Lo
12 em he,ight and ready %o transplant (15). Avowd 100 to 150

mirsery boxes wore needed/hae.

Hiura () reported that the transplanters for non-
washed geedlings appsared ;Ln Japan in 1966, for the first time
(Fige 2.20)« Though transplanters using ssediings § to 6 135:-3,;‘
stage wers introduced, those using young sesediings of 203 leaf
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staga were more popular, as these seediings hod less soll
thickness. Sgadling bands of about 7 mm width uér.e pulled out
from seediing holder and cut ’c.o sbout 1 cm by a biad..e and

star wheel. The claw then plantad them by pushing into soll.

The machine performed satiafa.omrily only when (i)
seedling belt bad no gap more than 1 om, (ii) roots were well
developed and heid an optinum amount of soll among thenselves,
{ii1) the s0il was not %00 wet at the time of Lransplanting,
(iv) the sﬁil surface was compact and rather hard, 2 to 3 days
after puddiing, (¥} it was level and even (Vi) waler level was
2 t¢ 3 em only. Any break in the ssedling belt regulted in
more wissing and when the zoil clod was too wet it gtuck to
the sheet below and hindersd the smooth movement. When the
field was too soft the float was sinking and made it hard to
drive, whereas, vhen the field was not level andavazn', the
geedlings submerged in the lowsy parie. L‘n‘der ideal conditions,
the machine transplanted a' depth of 2 to 3 em at B rate of
1 ha in 30 hrs, with misgsing hills of less than 10 per cent,

but this could not be uzed for late transplanting.

5n0ther tx!_amplanting machine reported to bs ope:ato'd
with a power tiller, uéed continuwus band-type seedings. it
was a berov machine weighing 50 kg and had 30 cm row spacing
and adjustable hill t0 hiil distance from 9 to 18 on by
changing the belt pulley. it took 10 t0 15 hrs/ha and missing
percentage of hills was 1.6 to 8.2 (38).
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FiG. 2,22 € UTTING AND PLANTING OF BAND TYPE NURSERY
(Hoshino, 1969)
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As an ipprovement t0 avoid sinking and to acliieve
better manveuvrabliity, flicats were provided w support tae |
veight of the wachine partially. Jut of the various materials
tried, like fibre glass, plastics, polythylens and steel plate,
the Latier two wers reported to he ost suitable for flioats
due to their lower abrasion reaistance (23).

In a 2-rov gelf propelled machine fitted with a float
(Fige 2.21)y using continuwoug band-type seedlings, the snd of
the band vas carried to the fixed edge of the rolle. Here,

a cutter sliced the band into blocks which were then planted
into the field. A seediing stop-net controlled the novement
of the secdlings on the seediing placing board through pushing
the leaf=-tips of the seedlings. It also helped the sesdiings
T0 move into the planting systam regularly. The height of the
nes was Adjustable to suit the geediing helght. Fip. 2.22
gshows the slicing and planting operations {19). |

Ag tho labour reguired and expondiiure incuwrred in
ralsing pat-Lype nursery were Loss than other types,y transplanters
for this type of nursery were introduced in ssventies (21).
Thege were nost popular in Japan and vwers reported to be many-
factured as pany as 16 manufacturers (10). A typleal maehina-
(Fige 223) had provision to éarry enough extra seedling mats
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" FrG. 2.23 ‘A SELF-PROPELEBD TRANSPLANTING MACHINB FOR =~ . |
.~ MAT TYPE NURSERY (Yarmar Agric. Equip..Co., Japan,1979)
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“  FIG. 2.2% MOVEMENT OF THE.SEEDLING-PLACING BOARD(Hoshino,1974) .
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and was gelf-propalled (B82). Though thers were minor varie
ations between differsnt models, tho underiying principie
remainad the same for all. The secdling placing board moved
gide ways along a guide plate which had slits at fixed inter-
vals through which the planting fork could separate small
blocks of seedlings to be transplanted as shown in ¥ige 2.2
48 the nursery placing bourd rsached one end, & iowsr laysr
of seediings was yepmoved, the mat was pughed longitudinally
downward by o conveying claw and then the board rev«érsed

its divection along the guide plate. Different arrangenents
of the planting forks to cut and relecse the seediings could
be geen on tranagplLanters made by differsnt manulacturers, bub
all of then worked by a link pechanism driven by a crank arp
rowtted on & shaft that was povered by an engine am shown in
Pige 2429« In one arvangament the forks got displaced with
regpect to ench other to release the ssedlings. Fig. 2.25
ghows this type; In another type the planting fork mtaﬁed
through certain angle to widen the gap between them and theraby
relensze the seediings, while a third arrangenent employed

a supplementary fork 4o push out the seediings frow the claw
of the planting fork. TFlg. 2.26 iilustrates these. These
machines vere reported to be highly reliable, accurabte and
mogt populer. dut of 13 madels of transplanters that had
undergone nationzl test in Japan in 1979, 11 were of this
type (7). The important technicsl specifications of these

were given in Tabledl.
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F1G. 2.25 LINK MECHANISM OF THE PLANTING FORK FOR
MAT TYPE NURSHRY (Hoshino, 1974)
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FIG, 2,26 TYPES OF PLANTING FOHKS FOR MAT TYPE NURSERY
(Hoshino, 1974)



Table 2.1 Specificationg of transplantera tesbed in

Japan in 1975(47)

Gt

Zerow

3r. Description Ympow

Ko

R 2 3 4

1. l*(fie;ig);ht (including seedling mat) 89-107 154=179

g

2o Power (engine with reneo.al 1.62.5 2 = 2.5
starting) (hp)

3. inclination of seedling placing. 50=-60 50«60
board (made of aluminium or
piastic) (degree)

Yo oW spacing (mot adjussable) 28,30 28, 30
{cm) 31 & 33 1 & 33

He Hill to hill distance {adjust~ 11=20 14=20
able at 2 to % levelsi (cm)

6. Plant hill density 1603=279  16.3-27.9
{Theosretical-hills/aqee.)

e Depth of planting
(adjustable to 3=4 levels) (cm) 2=l Dby

Be Capacity (ha/hr) Oetils 0,100

Se Forward speed {(koph) 2¢27 1.76

10 2 2

Piant hill miasing (%)




Thega machines ware reported to be qulite popular
in Japan. Hany problems such ap difficulby in ssedling
raiging, withering after transplanting, excessive tillering,
- comparatively higher costs of materials for seadling raising

and higher cost of machines were 8till being solvaed (68).

Singh and Garg (89, 70) reported the developuent af
& ten-row Lractor-mounted paddy transplanter ixsing Eat-type
seedlings, in the l}épartment of Yarm Power & Machindry, PAU,
Ludnians (iig. 2.27). 1t planted ssediings at a row spacing
of 26.6 cm and hill to hill distance of 1% cm. The Lest
regults showsd a eapacity of 0.18 ha/br at a working speed
of 1.2% koph with plant hill missing of 12 per cent (58).
It required 28 man<hrs/ha for driving the tractor and feeding
the seedlings. The development was still in progress.

A simple transplantepy for mat-type of seedlings

wasd reported to ‘have been designed at I.R.H.i. viich had three
sets of plckers mounted on a shaft driven by a ground wheel
though chains (¥ig. 2;28) e« A guide was provided to prevent
the seedlings from dropping off the picker as they vere puliled
from the tray. A crwit driven push rod planted the geedlings.
TPest results showed plant hill missing of § to 37 per cent
(28, 304 Wl



FIG. 2.27 TRACTOR-MOUNTED PADDY TRANSPLANTER (Singh and Garg,1976}
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A tractor-pounted transplanter for mat type seedlings
had been developad under a o-Opeérative project batween
Malaysia exnd Jopan ( 63)s after modifying the initial modesl
naned 5Tafiximéz"' angd 'Ganti’, the lategt B-row version 'Handai '
{Fige 2.29) mounted on to a half-track tractor was reported 0
have hill missings of 10 per cent as apainst L2 par_ eent in the
initial podeis (63). It was reported to be capable of operating
in 10 cm deep standing water at a speed of 0.3 r/aac. I’aé

capacity was about O.2% ha/hr.

A simple E-rew manunl trangplanter for soll bearvring
sesdiings had been developed at T.ReRI. (63)e It used
three-point non-grasping pickers: The downward stroke of '
the handle picked and pianted the geedlings and ths upverd
stroke veleasgsed thep (Flg. 2,30 A tray drive pawl and
ratehet mechanism along with a feeding frame were used to
ansure positive feeding of seedlings. Field tests and

avaluation were in progress (63).
2.1+3 Gome inmovative approaches for puddy transplanting

The forageing dealt with the transplanting aids and
mochines, vhere the process was entirely mechanieal and vas
aimad ot replacing the human fingers with mechanicel fingers,
Becaude of the mmerous difficulties encountered in this
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process, some entiyely new approaches had been reported which

are being briefliy reviewed,

& gravity-type hand operated transplanting equipmeﬁt vas
developed and tested in 1959 in Taiwan (13). It planted ths
ssediings with susll mud-bslls atiached to their roots. As
the device was drawn forvard the mud-balled seediings were
dropped thyough a tube from a height of about 122 ¢m. The
kinetic energy scquirsd during the fell and the parachubing
action of the leaves plonted the seediings quite eract, %o the
required depth. The excessive labour fzzequiraxsem foxr making
the mud-ballg at the roots of individual hills forbade this

concept fron '?Dptﬁ.ar use.

Xuang and Splinter (22) reported the development of an
automatic transplanter in 1968, which was meant for tmnﬁmanting
whe geedlings of tomato, tobaccoy cabbage ete. undey the dry
field conditions, The pachine c@haisﬁad of (1) a gyidmrtridge-
corrying and fesding unit for seedlinga, (ii) a drup ané
‘suction device and (1ii) Lfurrow opensrs anld press wheels.

The first unit had a group of meﬁangﬂar cartridges of I'

60 em x 120 cm sizey which held potted seedlings in mwsi.. The
botiom most eartridge was fed into a conveying ':sachamismj; which
had a fixed bottom p:z.:&te with é, boxe 48 the cartridge moved
over the bottonm plate, the seediing-pot could be dropped




through the hole, when the pot coincoded with the hole. The
arop tubs was fitted with a suction device connected Lo a
pP«t.0. driven blower, which created a thrust of (.68 kg at
full gpeed, This wag inevilabie at high forward speed for
perfact planting. The opener was i sSpecially designed shovel
with side and centra spikea to pulverise the 80il in furrow
80 ns o absorb the impact of falling of the ss=dling pots.
“he press wheels set at the angle of #50 to the ground closged
the furrow around the transplantas without exeessive cOmpaction,
The pajoy disadvantoge reporied vwas preparing of the potted
seedlings raquiring higher labour and expenditure. timilar
machineg vwere xlsc tried foxr dry field by other resesrchers
(754 81).

i bractor-pounted monual patering type, 7-row paddy:
transplanter was dsveloped and tested at Tracior Tralning
and Tasting Station, Budml (71,79)s 7This conalsted of seven
tubas, each of 100 em length, mounted on & freme. Geedlings
kept in a convainer were separated into small hillis und dropped
through the tubes mahuaLiy. These were planted due to gravity.
it vas found that some seedlings were buried owing to the flow
of soll due £0 wlisel movenment, Thig Lsed to Impropey planiing
a8 the seadiings wers not carrying sufficient mud to lmpart

snough momentun for proper anchoring.
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in the northern parts of Japan, ude of nmat-type nursery
with young seediings resulted in delayed tillering and were
prone to cool weather damage (32) This led to ﬂm traﬁs—
plonting of paper-potied seediings of 30 to 35 daya age by
broad casting. Manuiactured by several firms, paper-pots are
bottomless containers of -1.5 e X 1.5 cp sige with 3 ep |
height (50). These wers arranged on blocks each contalning
760 po’cfs.; in 38 rows of 20 pots. 350 blocks/ha were neaded.
Latelyy 12600 pots of 1.9 cw diameter were tried on & single
block as shown in Fige 2.31. These were vfilled with loum or
clay loam soils at & rate of 1800 kg/has using vibrating
table manually or by power soil-packing and seeding machines
as sSnown in Fige 2432+ These required 21 and 10 to 1% man~hrs/ia
respecvively. Alber proper ecaring for 30-39 days, the sesdling
hills were separated by holding the plants of about 20 pots
by hand and gently beating the soil, requiving 6 to 7 pan=hrs/ho.
The gsparated seedlings were carried in suitable containers
and transplanted by hand broad casting sbout 10 to 1% hills
at a time; reguiring 10 to 12 nan-hrs/ha as shown in Fige 2.33.
4 height of fail of 2 m was found %o be adequate for proper
planting of g hill welighing 6 to 7 zne %his method vas also
practised by riding on a platform or trailer attached to a
tractor. Semi and fully automatic drill planters were also

reported tO be in use, in vhich seedling hills were dropped




FIG. 231 Paper pots for paddy seedlings
(Kawasaki, 1976}

FIG. 2.22 5S0il stuffing and seeding machine
for paper-pot seedlings
(Kawasaki, 1976)
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FIG, 2.33 Hand-broad casting of paper-pot
seedlings (Kawasaki, 1976)

FIG. 2.3% Semi~automatic planter for paper-pot
seedlings (Kawasakl, 1976}



from a certain height through a chute to piant them in rovs.

4 12-yow drill planter with 6 workers required avoub 20 man-hrs/ha
¥ige 2434 shows this planber. Papepr~pot transplanting .had the
disadvantage thabt ssedlings somstises remained lying on the

s0il surfacs or get burded in the goil. Further, it required
mores Labour fop soil filling and separation of pots, thinning

or supnlementing when hand braadagat. aind c¢orryect wotesr level

in the field,

Fawashima and Yancbe {33) raported thab the growth of
paper pod seedlings uas acosieXated in nmursery bed and was
vigorous during the initial, shage of field growih. A5 the
dairection of root grovth was regilated by the poig, the distrie
bution of the roots csnceﬁt-atad near the surface of field.

The growth was depresssd after the Terminal period of vege-
tative growth with a reductlion in tota) dry matiser and grain
vield. Torty day old ssediinga were reported t0 be better
than 20 day old ssadlings regarding yield.

Ching and Cuang (7) studied a model seedling tube for
use in gravity=typs rice trangplanter. They ragorted that the:
suctional forge created dus %o fall was proportional to the
bed golil molsbure content. Vhen a seediing of 3 gn weight was
dropped from 58 com height an impulsive force of 348 gm was
found to act but. this was insufiicient to plant the assedling

when the hed soil moigbure content was 20 per ecent. However,
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when moigture content in 30 per cent, the seedlings

could adhere %o ths soil surface (7).

Singh (72) reported the results of another uprroach for
trangplanting ordinary rice seedlings by gneuﬁatié injection
into wet #0il. The coneasphb vag to make a furrow in the
puddied goil by an air jet of sulficisnt veloecity comins'from
a tube and then drop the seediing hill thyough this tube. so
thes these wodld geb glanted ia tpe furrew glready mada.
Howaver, investlgationa snowed that thiz conceplt could not be
put in the davelopmend of a rice irangpianber, bDegsuss, the
maximun relsabive vaioé@%y of 16 n/sec that produced a drag
foree of 2.1 g5 on a Uypical seediing without any stenm darags
could make ormliy a depth of pensuwvsiion less than 9 mm, against
the rsguirsd depth of 3 coe. He concluded that either a mechani-
.cal opaner éiﬁh a geedling tube sysiem or a double tubs system
in which one tuba with high velogity air-stream for furrow
waiing and the other with low veiogity air-gtream for seedling
injaction could be feasible. A similax approgsch ualng a jel=-
vage fiuid to inject the seedlings was reported to Te in

progress {(52).

Tape= transplanting was alse reported 0 have been tried
for paddy btronsplanting (8, 13).In this process, jute strings
were pasted on & base paper placed on a asediing iray. Vater-

soaked seeds vere spread over the styringed paper using a spacer



gride After sprinkling some wabter, the trays were Heﬁt‘gne
above the other for 24 hours and after germination of the
seads these irays were éept open and water was applied
frequently. Seedlings, after 11 to 15 days, got attached %o

the strings by their rootse For transplanting, the striﬁg
cafrying the seedlings was stretehed across the puddled {ield
and dippsd in the loose goil to the required depth. Thus the
sesdlings were planted into the soil. Though the correct |
gcononics was not known, it was claimed 10 be nore economical

than hand-transplanting (8).
ded Agronoume Aspects of Paddy Transplanting

Paddy was a highiy adaptable crop that was grown under
a variety of agricultural, climatic and soil conditlons. avaii-
abrlity of water was its pribary need (2h). Owing to various
- advantages, wransplanting was the wore widely accepted method
than direct sesedling with ordinary or pregemainated seeds.
 Hegarding the yield, research findings were for and against
the trangplanting. Many experiments had shown an increase in
the yield by as much as 30 per cent, while many other experi-
ments showed that direct seeding could give up to 26 nper cent
pore yield than transplanted erup (6,27,k1,61,62). In sone
other cases both the methods were reportsed b2 have conparable
resuits (6,60). Seientists had, ﬁherafbre, concluded that

there were no fundamental differences in yield if good menagement
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vas practisad in aoch method (27). But transplanting enabled
8aay managewent, saving in tipe, water, weed and pest control

expenditure and the waximum use of land.

Sainl (64%) veported that a maxinum yield upto 10,67
kg/hz was obtained by line transplanbing while the average yield
by random transplanting was only 3700 kg/ha. He attributed this
increase Lo several reasons such ag opbipum stand of cmp; Unle
form distance hebween hills, mors interception of solar vadiation,
easy and effecuive weeding vwith rotary veeders, easy :&ntaz%cul-
tural operations ete. This alsgo helped to provide oxygen to
the routs, stimulated mierodrganism, wixed fertiliser thoroughly,
fagiiitated top dressing of fertilliser, provided inmunity agalnst
diseases and insects, allowed effective spraying, and pr&tec»
vion against wind and gtorm (O4)e Pabel and Kuner (56) ag well as
Heddi (62) also rgported 6.02 and 2.% to 8.3 par cent inc%-‘raalte
in yleld by line transplantinge Jupan enncted alaw so that
farmers were forced to transplant paddy in line and eonsequently
could double the produetion in 2 to 3 years (64). I

Regarding some allied aspects like optimum spaming;g of
hillsg, depth of transpilanting, age of seedlings, and time of
trangplanting, the research findings and congequent auggestions
and recommendetions were not consistent. Table 2.2 summarises
the findings of varicus sclentista in India and sbroad reﬁ%ating

to thess aspects.



Table 2.2 Apgronomic recomuendations for paddy transplanbing

Er. eseription — Recomuendation Teconmended by
No. ‘

1 2 3 . ks

1. Spacing | 22.5em X 22.5cn (Tall variety) Mahapatra et akl (1)

22.5 em x 15en (Hedium)

15cm X 15en {short)

25em x 29em (Pall)s 30cm x tSem (Tell phan (&
lodging variety}; 25em x 25cm (Mediwm)

20em x 20em (Short)

15cn x 25cn {Medium) ' ‘ Paul. and Mitra (57)
10cm z 1Uem{chort, and increase according Panda and Leeuwrik (54)
to duration) . :

30em x 30em (Tall in poor soil, weit season)
25em x 25em (Medium in poor Soil, wet season)

, T.ReReI. £27)
2Ccm x 20cm (Short in poor soil, wet season)

3jenm 3 35om (Tell in fertile soll, ust season)

kg



Table 2.2 conbless

29em x 25cm

30om x 3Ccn

20en x 15em

20cn x 10am:

20en x 15cenm
15em x 15cm

(Tall in poor soil, dry season)

{Tall in fertile soil, dry season)

{ Kharig)
(Babi)

{Mormal)
(Lc".re )

20 x 20cm (Tall); 20 x 15(Medium);
15 x 1Y (Short)

20¢nm x 15cm
15¢cm x 10cnm
20cm x 10enm

15¢em x 10cm

)
_ y-
{(Short) g

{(Medium)

g Ist crop
(¥hort) )
J

(Modium) and erop & 3rd crep

TelohiaBe (25)
PeldaUe (59)

}?\oﬁg Lo (1 1 )

Hefoela {3W)

G4




Table 2.2 contdese

1 , 2

3

N

2. Age of geedlings
(days)

3. Time of trans-
planting

Mo

28 to 35 (Tall) 21 to 28(short) 20(short duration
variety)

35 to 38 (Tail) 2 to 28(Mediwm) 21 to 24 (Short)

21 (Short and inerease according to duration)

21 to 28(Medium and change according to duration)

25 to k2 for 120 to 180 days of duration

30 {Short)

25 = 35 (Tall)

LO(Tall) 20 to 25 (Medium=-2nd & 3rd erop)

18 days(Short-2nd & 3rd crop) 29 (Short-Ist erop)

35 {Madium~ISt crop)

Jung 2% to July 10 {(Punjab)

Late July to August {(Orissa)

June 30 to July 15 (Bareilly)

“June ko JWly{Short) iﬁi(i"qitﬁ-y to August (Tall)

April-May (Ist crop) Sept-dct. (II crop)

Le@e~danuary L(JL1L erop}

¥ahapatra et al (41)
Sanchezard Larreat (69

Haveten (17) J
ToCeheRe (29)

LeReilele {27)

Fodele (11)

PO.&QUQ (59) . J

Ke A U. ( 3]‘;‘)

Sood znd Singh (74)
Mahapatra et al (W41)
Singa &t a1 (73)
PeiteUe (59)

94

KoheTe {3W)



Table 202 gontdeee )

1 2 3 1S
!l'. Depm 434 2-5 Felele (11)
Transplanting (cm) _
2 %W 3 PeleTe £59)
3toh Haveten(17); K.A.U.(Bh)‘
J3tobh HNair et al (48)
5. Nusber of geediings/nilil 2 to 3 FPefieUe (59); KodoUo(34)|

Mahapatra et 2l (41);
TeReRels (27)3%.AcTe m‘

Bhan (&)

28
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Chapter Iii

MATERIALS AND METHODS

This chapter deals with the design details, modifications
incorporated during the course of developmsnt and testing

procedures used for a new type of paddy transplanting & |
nechanisn developed for this study. It iz arranged under \‘
the following titles: , \\
B
1. Design considerations and devslopment of ﬁ
the transplanting wechanism | %\\
(N

2. Test gset-up and procedures used . !

A'aritieal review of the merits and demerits and the
difficulties encountered in the performance of the trang-
planting mechanisus already developed for conventional
gesadlings revealed the following facts:

{a) The time requirsd for washing, pruning and
separating the seediings vas conslderably
high which reduced the econopmy of machine
transplanting (70, 79)

(b) ’The reciproeating or oscilluting type of
picker assembly had limited operating spesd
and hence less gapacity (13, 70) \
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(e) The positive conveying of seediings to the
pickers was difficult and this resulted in
highor missing hills {66)

{d) The roots were enbungled and in rost cases
seadlings pors than remudred vere pulled and
seatbared on the fiedd (13, 66)

(@) Vhen the same fingers were used for picking and
planting, seediings often struck o the finperas
dus to thelr passing through ths mud and vere |
not properly released (70, 79)

() Thas mechanisms wers either power or manually
operated hut were not versatile enough to be

operated by human, animal or pechaniccl power.

it uwas, thersfore, decided to design o paddy tranaplanting
mechanism suitavle for convenional washaed-root seediings to

overcome the aforanmsntioned drawoacks as far as poscikle.

3.1 Design Considerabtlons and Development

of the Transplaftting Hechanlian

Based upon the agronouic aspects of rice transplanting
revieved under sectlon of 2.2 of Chapﬁer 1T, and with a view
"~ 0 overcopme the ahortcomings of the earlier designs enlisted
above, the mechonism wos designed o satisfy the following

regquiremnents:
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2.
3,
ke
5e
6.
70
8.

9.

10,

It ghouid tyansplant seedlings vith a hill to
hill distance of 15 cm and row to row distance
of 20 cm |

The nurmbor of ssedlings per hill shouid be two
to thres

It should be able To tr&naplemt seediings with
missing plent hills not exceeding % per cent

It should rot cause seedling damage more than

1 per cent

The depth of transplanting ashowld bes baetween
3and b om

The sesdiings should be transplanted, as far

as possibie, erect

it shouwld be able to use the seediings with
pinimunm root-washing and preparation

It should be aole ©o use seedlings of a mulzﬁ.mum‘
length of 30 en

It ghould be ablae t:: pick out‘ 2 to 3 geedlings
from the seedling box without pulling out extra
seédlinga

The seediings piciced from the geedling btox should
be easily released by the plckers, bubt be plantad
by a separaste planting finger sa as t0 keap the
pickers frae of mud.



11. It shouid be portable, chsap, simple and easy

to maintain by an average Indian farmer.

in order to achieve thsse objectives a transplanting
mechanism couprising the following systems wvas desligned,
developed and tested:

1. Seedling holding and conveying systen
2. Seadling picking and relecsing system
3. HGesdiing planting systen

Two mechanisms one withh Uwo-picker-seis and another with
four picker-gsets were designed and constructed. The mechanism
with two picker-sets will, hereafter, be denoted as mechanlam~i.

and that with four picker-sets as mechanism=B.

¥ige 3+1.shows the mechanism developed, with the relative

positions of Yarions componantse
3-1.1 Beedling holding and conveying systsm

3eteiel Seedling box: It was decided tu provide a seedling
box of adequato capacity to hold the seedlings to transplant
an area of 10 aqene A width of 20 em for the box was chosen
such that another szimilar wnit parallel to this with a row to
- row distance of 20 cm ecould be conveniently aeccomodatiade The
depth of the Lox at the rear side cormspbndiﬁg to this wvas



1+ Seedling box 2
3. Pivoted picker L,
5. Cam for pickers 6.
7. Wooden float B
9. Seedling rake 10.
1o Main support

Seedling ejector
Fixed picker
Stationaery frame
Main shaft
Support-seedling box

FIG. 3.1 Paddy transplanting mechanism-complete view

-
+
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found to be 15.5 cme Thersfore, a snedling;fbox of 30 cm
length, 20 cm width and 15.9 om average depth was fabricated
out of plain G.I. sheet of 26 G. The top and front sides were
kept open for easy loading of the seedlings. It was mounted
such that the seedlings were kept parallel to the direction
of travel.

3112 Seediing conveying system: The seedlings vwere %o be
picked from the box through an opening in the right bottom-
corner at the rear end of the box. I{ was presumed that given
a suitable glope %o the bottom of the box the ssedlings would
move towards the opening due to gravity and slight vibrations
induced by the mschaniam when in moition. By placing the '
seedlings on an inclined plain G.T. sheet and changlng its
inclination graduwally it was found that a slope of about 38°
with the horizontzal was adeguate to overcome the friction
betwesrn the sheebt and ssedilngs and te slide the seedilings
downward. In the initial design this slope was provided to
the botiom of the boxe. The size of opening st ths right
bottom corner of the box was 1.5 cn wide, 1.5 em deep and

L5 dm long (Flg. 3.2)e ‘This was found o be adequate to
permit the pickers to grasp 2 to 3 seedlings from the box in
each picking. In order to check the proper movemsnt of the
seedlings due to the inclination provided tu the bottom, seed-
lings at the rate of 2 to 3 per hill were pulled out by hand.
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It wvas found that after taking out 2 to 3 hills, thoe space
at the right bottom corner of the box became void and %the
siope provided alone could not move the geedlings positively
e the opening. A metal sheet with some welght on it was
kept over the assedlings in the box to press them down, but
this did not lead to any improvement. It was, therefore,
concluded that a positive gsedliing conveying pechanism vwas
im?itabl(s; |

An endless leather belt of 1 enm width was provided with
its ones side running over ths bottom of the hox, at a distamnwe
of 2+5 em from the rear end and perallel to that. It vas
carried over a palr of M.S., puileys of 2 cm dlameter mounted
at the bottom of the box, along its langth. The shaft of one
of the pulleys was rotated by hand and seedling hills were
removed through the opening. After taking out 2 to 3 hills,
the apace nexr the opening remained ampty and further picking
was not effected indicating that a smooth belt would not serve
the purposs. Then, netallic projecting strips of 5 x 7 mn
size cut into a tooth like shape, wsre fixed on the belt at
spacings of 2 cm as shown in Fige 3.3 (&), Seedling hills were
pultled out by hand and it was found that as nuch az 8 h-iils
could be taken outse Thereafter, the secdlings moved in a
tilted fashion as the drag by the belt was applied only near the
voots., Hence andther similer parallel belt was provided at a
distance of 8 cm from the firat and was driven by pulleys on
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a common shaft with the firgt set of pulleys, as shown in
Fige 3.4(a)s Trials by hand using this showed that this
could move the seedlings towards the opening. It, hovever,
pregented two nmajor difficulties. Firsily, the metallie
projections tended to antangle with ’aha roots and leaves
and pulled the seediings down or they wrapped over the
pulley near the opening. Secondly the movement was not
reguiar and congistont and as swh the feeding was not
wiiform, leading to irveguler plckings.

A aerew conveyor of dﬁ.ame-tgrb Le5 em and 1.5 cm abt outside
and inside respectively and a flight pitch of 1.5 om was tried.
Flge 343 (b) ghows this conveyors It was made of G.Jl. sheet
of 28G. lounted at the rear bottom end of the box it was
kept projecting 1.5 em above the bottom of the box &s shown
in Fige 3+ (b)e On trial by hand, it was found that this
could move the seedlings positively and regularly, but had
ones drawback that many a hines the ssediings wera pulled down
at vhelr roots when these got in bestween tia,e conveyor and
the raar slde plate of the box. Thus, & better conveying
method was considered necegsary. another attempt made to
tackle this problem was the use of a seedling rake (Fig. 3.9).
Made of HM.8. sheet of 146 with M.5. nails of 1.5 cn height,
brazed to it in two rows with 8 cm gpacing in between at a

centre to centre distance of 2 cm, it was driven by a pair



1. Belt conveyor with 2. Driving pﬁlleys

" .
metal strips Y. Screw conveyor

3. Seedling box opening

FIG. 3.4+ Mounting details of the seedling conveyors
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1. Nails of the seedling rake
2. Slits in the bottom of the box
3« Seedling box opening

FIG:. 3.6 Seedling rake - plan
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of cranks, each of 1 om radius, The cranks were so positioned
that the upper half of the circulayr locil of the nail tips
projected above the botiom piate of the seedling box through
the s1its provided as shown in Fig. 3.6 They rotated clock-
wise when viewed from rear, 30 that the ssedlings were roved
towards the opening at the right side of the box. Trials

- showed that this arrangement was the most satisfaciory one.
BEven though thiz moved the seedlings to the opening, to enable
the pickers to teke out the seediings without missing, it wus
agsentizl W empioy a ssedling ejector (¥ige 3.7). This was
a spring loaded, pivoted 10d of 3J mm diawmeler, welded with a
plate~-can of 146y H.5. sheeit. This was positioned in such

a woy that this could ba moved down by the plekers rforecing

the seedlings right into the jaws of pickers, ensuring positive
gripping every bvine as depicted in Mipg. 3.5. The cranks of
the rake ware Joined through a coupiing rod of 3 ma diameter
(Flge 3¢5)e A4 5 n dicmeter endless leabher rope and a pulley
arrvangseent was used to drive thr rake frow the main shaft

of the transpianiing wechanism, at a speed twice that of the
main shafte. This apeed ratio was found %0 be optinmum when

- tried with different spead ratios of 1.5, 1.75y .00 and 2.25
hetween main shaft and geediing rakeée. The erank radius of

1 gm was also selacted after trisls with cranks of 0.75 cm,
1.00 em and 1.25 cm radile. The bottom of the box was provided
with slopes of 4.8° longitudinally and 5.?° trensvorasely as
shown in Fig. 3.2, so that the rvots of the sesdiings repained
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1. Seedliings
2. Beedling e jector

3+ Plate cam of ejector

FIG. 3.8 Operation oi the

seedling ejector
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uniform at ths rear-most end of the box and waere moved regularly
to the opening.

3.1.2 Seedling pieking and releasing system

The seedling picking and relcasing afystem compriged the sets
of seedling pickers mounted on the main shaft and & stationary
plate cam mounted on the main frome.

3e1e2¢1 Eeedling picker sets: Iach set of the picker consisted
of two members namely ons fixed and another pivoted and spring
‘loadad 8 one end. Thege ars shown in Fige 3¢9. The pickers
vere made of 6 mm diameter Mebe. rods Two spiders, each consis-
tihg of 2 hollow boss of 3 mu thicknesa, carrying two arms of
Me8e flat welded to the boass t0 mount the pickers radially,

wore providad. The fixed picker that passed’ through the seediing
box had a fiat scraper with a curved and chanfered leading edge.
This enabled the pickers to take out the seedlings even if the
T00%s were slightly entangled or interwoven,; without any bending
of the stem. in the inibial design the width of both the picker
heads #erre‘ kept 10 mmy but this caused bending of the stem as
the roots were entangled. The picking end of the pivoted
picker was flattened to improve the gripping and to reduce the
pressdre on the ssediings. The other end was connected with a
téuaion spring to the flangedend of the hoss through a machine
screw and nut so that the force at the picking end could be
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1. Seediings

2+ Pivoted plcker

3. Fixed picker R
L, Seedling ejector

FIG. 3.10 Grasping the seedlings by pickers



adjugted to obtain bobter plecking with ninlioum demage. The
bossas of the. spiders wers provided with 6 um tapped holes, o
seoure thom firmly with the main shaft, by bolts. The main
~shaft was turned and finished to a diameter of 26 mm. It was
hollow with a thickness of 3 rmm, It was supported by a palr of
brass bushes. The dimensioned expioded view of the picker
assenbly is shown in Fige. 3.9 and its operation explained

in F:ng- 310 and 3.11, |

3o1e2.2 HMain frape and the stationory cams The naln frape
consisted of a circular member made of 25 wm x 5 mn il.3. flat,
and a main suppoxrt made of 50 mn x & mn He5. flaty both dbeing
welded topgether to form an integral part (Fig. 3.12). The
diameter of the circular member was kent as 230 mx as the
length of ave betwsen tha pointa of pieciking and reloasing

wag 35 eme This sceoncdated a maximum seedling length of 30

e with a cleavance of 5 cme. The circular momber also guwided
the seedllings pulled out of the tray, whleh in twn avoided

any bending or brsaking, e of the two bush bearings wus
provided at the centre of this memher to support the main shaft.
The main support was bolhed to a wooden float at the bottom.
This had a thickness of 30 mm snd width of 360 mm with 100 nm
high front fander of (G.i. sheet of 26 G, to prevent water flowing
over the fioat. The azﬁis of the main shaft was 12 cm cbove the
top of the float (Fige 3.12). 4 cam of 22Y mm lenghh and 33 om
width made out of 3 mm thick M.S. sheet was provided to open



1. Seedling released

2. Cam opening the pivoted picker
3. Coupling rod of seediing rake
L, pPulley-drive for seedling rake

FIG. 3.11 Releasing the seediings by picke'rs
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and close the plckers, An inclination of 30° with the direc-
tion of travel of the pickers, provided at the ends of the cam,
vag found %o be ideal for satisfactory operation of the pickers.
-This was selected after testing different inclinations from

250 through 40°, An inclinatibn of 40 offerad grester resis-
tance to fotat.ion of the pickers, while a lower inclination

of 25° resulted in delaysd opening and irregular release of

the geedlings.

3,73 Seedling plantiag systan

The szeedlings released through the open frapemoidsl slot
in the ‘madan float were expected to be laid in a horisontal
posture in the puddied field. The slot in the fioat was 30 cm
long with a width of 9 cm at the front and 14 cw at the rear.

in order to .insorpomtﬁla suitable planting {ingsr, scede
lings were placed on the puddied soil snd tihen these were
pressed down at abous 1 cm above the roots by a 'L' shaped rod.
This helped to plLant the suadlings at an angle of 60° to 80°
with the norizontal., A planting finger of gimllar shape and
of 11 cm length made of 5 mm x 3 mu M.S. flat was pi%roted on
' the cirecular frame of the mechanism (¥Fige 3u12)e The itpper
end of this finger was spring loaded, The pivot point and
length of the planting finger were salected in such o wWay that,
on release, the Linger téuc:had the seedliings lying on the puddiled

80il at gbout 1 cm above the roots and as the machine moved
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forward, t}xe geedlings were pressed down to a depth of about
4 cme Pig. 3.13 shows the schematic of the operation of the
. planting fingere.

3.1.4 Constructional detalls of méchanisme5

Ths mechanism developed initially and described hitherto
had only two sets of pickers.  Since the rotary spesed of the
pickers was inversely proportional to the number of pickers
for the sans field capacity énd the tip velocity of the
. pickers vwas evidently an important factor affecting the missing
and damage, it was decided to design and febricate a second
pechaniam, with four picker sets having reduced tip velocity,
to sﬁudy the eoffect of lower tip velocity on the performance
of the traansplanter. %This -zneehanim was based on the mame
concept as mechanisp~As but to accomodate four picker sets the
dicmeter of the circuwlar member and stationary cam was increased
%o b0 mm sgainst 230 mm for mechanism A. ‘The dimensions of
the pickers vers also increasged proportionately, but those
of the picking ends were kept wnaltersed. The pivoted pickeras
were rade of 20 mn x 3 mo MeSe flab wilh sbtronger springs of
1.5 mn wire, bub . their secuving arrangement was the same
as fér sechaniom=4, 'so that the bengion vwag adjustabls. The
fixed pickers wvere made of 12 mp M.8. 10de The speed 'rafzio
botween the main shaft and seedling rake was also increased
to 4y using a driving pulley of 10 cm diapmeter. All other




components like main shaft, seedling boxy asecedling rake,
bezrings, wooden float, smedling ejector stc. were kept of
the sare specifications as for transplenting mechanism-i.
¥ige 3.1 shows the details of this mechanism.

3¢3 Test Set-up and Procedures

Teating of the two transnlanting mechaniams was carried
out nainly in ths laboratory but a limited trials were slso
attenpted in the fiold.

3.3.1 Isboratory tost set-up

The laboréﬁcry tegts vere aimed at to study the performance
of the two mechanisms in respect of the picking and releasing
of the seedlings. A test set-up was desigied and fabricated
for this purpose, AS suggested by previous regesrchers it wag
decided to observe the performance 9f the mechanism for a
minipum of 100 strokes of continuous running. The lest seteup
was, therefore, provided with canvas corwveyor of 20 m length
capable of hoiding about 125 seedling hills released by the
mechanism with provision to unwind and rewind it for each test.
The details af'this soet-up are shown in Figs. 315 and 3.16,
The sst-up comprised a variable spsed unit to drive the conve-
yor and the transplanting mechanism synchorondusly at different
speeds, a M.8. angle frame to clamp the mechanism being tested
end & winding drunm to wnfold the COnYeYyOr..
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(a) View from mechanism side (b) View from conveyor side

1. Electric -motor 2. Floating centre 3. Gear box L4, Transplanting mechanism’ 5e Canvas.
conveyor 6. Seedlings released in hills 7. Winding drum 8. Nylon rope

FIG. 3.16 TLaboratory test set-up in operation
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3¢3e¢1e1 Variable speed drives The variable apeed drive
consisted of an electrlic motor, a fleating centre vari~-spesd
puliley and a five-spead gosr box, all supporited on o frame
work (Fig. 3.19). &peeds ranging from 15 to 1075 rpn could be
achieved at the output shaft of the gear hox corresponding

to motor speed of 960 rpm. The spscifications are given vide
Appendix-B. The gear box hagd provision to engage and dis-
engage the power to drive the transplanting mechanism at the
required apesd. The output shoft of the gear box and main
shaft of the transplanting mechanism vere connected through

a pair of sprockets and a ¥ller chain of 12,9 mm pltche

The driving sprocket had 15 teeth and the driven sprocket,
gecured by bolt to the main ghaft of the mechaniasm, had 20
teeth. The transplanting mechanism was mounted on a M.5,..
angle frame, using 6 mu bolts. The frame composed Of two
angls iron members each of size 50 x 50 x 6 »m and 750 mm long
which were joined by two M.S. flats of 50 x 6 x 500 mm size.
The frame was kept on the floor (Fige 3+.19).

3e3.1e2 Conveyor arrangsment: A canvas conveyor of 40 cm
width and 20 in length was used % retain the sacdlings released
- by the pickers of the transplaniing mechanisi. The canvas was
wrapped over s 25 mm dlameter hollow shaft, held on the supports
fixed to the frams. The outer end of the canvas was tled %o a
'ropo that passed over an idler puliey of 60 mun diameter, fixed
at a distance of about 20 m from the mechanism {Fig. 3.15).



The other end of the rope was tied to the winding drunm, by
changing its divestiom with the help of an idler. Tus winding
drum was supported on two bhearings mounted on the sowe firome
a5 the varlable speed drives The derupm was driven by a T-belt
ond pulley drive from the main shaft of the mechaniam. The
spmed rabtio was selcected such that the seedling hills wvere
releasad at & reguliar spacing of about 15 om, 3¢ that the
wigsing hillg, if any, could be easily counted. Flge 3.17
ghows o section of the conveyor holding seedlings. The driving
pulley was gecured to .@:ﬁe main shaft of the mechanism using

6 mn bolt.e AL one end of the canvas-roll shaft a spring loaded
friction lined brake was provided to achieve c;anstamt apeed

of the conveyor, as it was pulled over the ficors The re-
wvinding of the canvas was done with a hand crank at the other

end of the canvas-roll shafb. -

3e3e2 Test Procedure

3.3.2.1 Preparation of seedlings: sSeedling grown in the
convetional nursery were used to study the paﬂ‘ormme of the
mechenismg. The roots of the seedlings were washed to Temove
the rude 'The leaves veare pruned.to the heights of 20, 25 and
30 cm, as required for the test. The bunch ofv ssedlings were
separated, but thelr roots were not cut. Tﬁes& seedﬁ.mgn

were thaen loaded in the seedling boOxe.



1. Canvas
2. Seedling hills
3¢ Plant hill missing

FIG. 3.17 Portion of the conveyor holding seedling
hills

1. Splitting of stem
2. Damage to lower leaf
3. Bending of stem

FIG. 3.18 Damaged seediings
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3.3.2.2 Method of the tests Defore the start of each test

the cenvis was wound completely on the yroll., The driven sprocket
was kept loose on the main shaft by unserswing the suecuring bolt.
The wotor was started and the speed of the driving aprocket

vas measured with ithe help of a hand-tachomester.

Adjusting the floating centre aid sslecting the nultnble
gear, the speed of the main shaflt was set to 19, 22.9, 30, 37.5,
45, €0 or Y5 rpm, as required to sult the treatment combinations.
The motor was then mm for about five nminutes to ensure the
stabilisation of the sdjusted speed. The gear was then kept
in mutrai and the driven sprocket was secured to the main
shaft, - The gear was ra-engaged and the transplanting mechanism
and tho winding drum wers botih operated, resultling in the
picking of the seedlings from the seedling box and placing them
on the canvaseconveyor, whose movement was properly synchronised
with the spsed of the transplanting mechanism. When the conve-
yor was complately stretched, the gear was disengaged thereby
cutting the drive to the trensplenting mechanisw end the winding
drum., The folilovwing obgsrvatlons were takens

1. Rate of picking the seedlings in hills/min
2, Number of ssedlings in each hil}‘. |
3+ Number of damaged gesdlings in each hill



B

b, Time taken for one revolution of the energy
metsr disc when the mechanisms was in oparation
in ssconds

5. Time taken for ons ravolution of the snergy meter
disc vwhen the mRechanism was not in operation in

seconds.

Thase obgervations were token to svaluate the purformance
of the transplanting mechanisns with respect to the following
indices:

1+ Percentages of ms;sing hills

2. Seedling distridbution and average pumber of
sesdlings/hill '

3, Parcentags of ssedling damage

4o POwer consumption of the mechanisms.

- The danaged seediings were distinguished by visual obsere
vation. Fige. 3.18 shows a group of damaged seedlings (defini-
tion vide Appandix-i).

3¢3:3 Test conditions and variables -tudigd

Variatles wméh had bearing on the performance 61‘
the transplanting zechanism were indentified as follows:
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Variablél relating to se=sdlings

1. Seedling age
2¢ Dianster and length of seedling atenm
3. Length and nmusber of roots

Varié.blu relating to0 mschanism

1+ Geonetry of the picker Jjaw

2. Number of pickers and their speed

3. Gsometry of the seedling rake

4, Geometry of the seedliing ejector

5. Slope and size of seedling box

6. Size of opsning of the seadling box

7+ Quantity of scedlings in the box

8. Position of points of picking and rej.qasinl
9. Rate of plcking o

Variables relating to field

1+ Type of soll
2¢ Depth of standing water
3. Dsgree of puddlie

The variables relating to seedlings and mechanism will
affect the seedling damage, mutber of seedlings/hill, ability
of the mechanism to take Oyt 2 to 3 seedlings from the seedling |




~y
oW

- box and to relcase them, vhere as the vm:iabiu relating to
field will affect the depth and sngle of planting. However,

ths study reported in this thesis vas confined to three varie
ables only, namely, rate of pleking, seedling height, and
number of plckers. Table 3,1 shows the test conditions of these
variavlies.

It wéa obvious that the performarnce indich_,» namely the
seedling distribution, plont hill missing and seedling damage
woild be influenced, smong other variables, by the tip velocity
of the pickers as the time available to pick the seedlings
varied inversely as the tip velocity. Ior the sake of
comparison of the two mechanisms and 10 decide which of the
tvwo mechanlsms was supericr in porformance, it vwas decided to
tost both of thsm against a glven rates of picking., This was
done as the ultimate objective was t0 evolve a mechanism with
ninimum seedling damage, plant hill missing snd recomsended
number of ssediings/hill with maximum field capacity. As the
nusber of pickers and their length were fixzed in each mechanism,
the tip velocity of the pickers remained directly proportional
to the rate of picking

As shown in Table 3.1, 35 to 40 days old ssedlings of
FR=106 paddy variety were used for the laboratory test. Two
mechridisms, each at four different speeds were tested,
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Table 3+1 Test conditions and varisbles

8r. Yariables Ievels of variation

No. _ | 7 ‘
1 | - 2 V ' 3
Te ‘ Seedlings .
(2) Paddy varisty nej FR-106
(b) Age (days) Oney 35 to ko
(a) Height (cm) Thrae; 20, 25 and 30
24 Transplanting Two3 with two pickersets
pechanisk and fowr picker-sets
3 Hate of picking Foury 60, 90, 120
the secedlings and 150 |

{(hills/min)

The study was planried with a2 b x 3 x 2 factorial experi-
pent on a randomiged bloek design, the factors being rates of
picking at four lavels (P = k), halght of seedling at three
lavcli (H = 3) and type of nmachanisms at two levels (M = 2),
with three replications (R = 3). Thera ware 24 treatment
combihations and 72 sets of observations %o be made. After
preparing the list of treatmant ccnbinat;iana, these wers
_ randond sed by drewing Lots. m sxperinent was then carried
out in accordance with the .px’ocednro outliined wnder section
3e3.2¢
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3.3.4 Field test
5

Mechanisn-A vas also tried in the puddled soil, firstly
in @ tray of 1.5 x 0.5 = size with 15 cm depth filled with
puddled szoll to slmulate almost a field condition. It vas
later tried to a lindted sxtent in the motual field, puddled
vith a powver tillexr. The standing water ra:nged from 0.0 to
2.5 cm in ons test and 2,8 to 4.2 cm the second. However,
the field tests could not be pui'md dus to many problems,
discussed in Chapler IV,



Chapter IV

RESULTS AND DISCUSSIMN

This chapter presents the rsaults of the testing of the
transplanting mechanisms designed and developad for this
study., The results and discussion have been arranged under
the following headings:

1. Effect of rate of picking on seedling
distribution, plant hill missing, seadling
damage and power consuxption

2. Effect of seedling height on sesdiing
distyibution, plant hill wissing, seedling
danage and pover consumption

3. BEffect of the mechanisms on seedling

" distribution plant hill migsing, seedling
damage and power consumption.

.1 Iffect of Rete of Picking

The effect of the four levels of ratea of picking on
the following indices was studied:

k.11 Seedling distribution: The percentage of hills with
0y 1y 2 t0o b and § to 8 seedlings in each hill wvas computed
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and tabulated vide Appendix~F, The results ars repressnted

in Figa. W.1 through 4.9, Though the mechanisn was designed
to pick 2 to 3 seedlings/hill, 2 to & seediings/hill was
reported £o be well within the acceptable limits (4, 9, H0).
It was found that 50.4 to 82.67 per cent of the hills contained
2 to b seedlings/mill. The statistical anslysis rmasm‘t-od
vide Table .1 indiecated that the rate of picking was signi-
ficant at 9 psr cent level, with respect to averags number

of seedlings per hill. oth the first order interactions

vize s;’méd x sesdling hsight end spsed x mechanism, as well as
second ovderinteraction viz., speed x seedling height x
mochaniam wers also significant at 5 per eent level. ‘The
critical difference at § per cent level of significance was
alsc calculated and compared with the treatment mean
differsnces. This siwwed that thers was no significant
difference between the rates of picking of 90 and 120 hills/min
but batwein, all other rates of picking the differences were
ai@iﬁeant at § par cent level, The av@mgi numbar of
seedling per hill vas beitween 1.7 and 2,6 as againat the
functional requirement of 2 to 3 of the wechanism.

The rate of picking was significant, becouse the time
av;i}.ablg for picking the sesdlings from the box docreased
as the rate of picking" increased and this resulted in iarying
nunber of ssedlings per hill as the rate varied. The natwre
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Teble k.1 Analysis of variance for average mumber of

acedlings/hiil
T 2y R Ty &
Replications (R) 2 0.0070  0.0035 0.3259 .20

Rate of picking (?) 3 1.1228 0.37%3  HM.8538"  2.81

Height of seecg.i:)mss 2 0.8679 O0.4340  40.M125 3,20
Mechanism (1) 1 0.,0176 0.0176  1.6389 4,05
Rate of picking x 6 0.2085 0,038  3.2%05° | 2.30
Height of seedling

Megchanisms X Hﬂl@t 2 1 00769 0-5335 50.1 lf37” 3,20
of ssedling

Mochaniams X Rate of 3 1.8576  0.6192  57.6583" 2.81
picking

. Picking rate x seed- © Q.u4678 0.0730 2.2632" 2.3
ling beignt x
Hechani s

Ermr li‘ﬁ QJ&?W 0;0107 - -

Total 1 61201
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of varistion ig shown in Fig. %.10. It waa evident that the
avarage nunber of seedlings decreased ag the rats of piéking
increaseds o

he1e2 Plant hill mlssing: The dats was analysed statistieanlly
and pregented vide Table k.2. It was found that ths main effect
of rate of pleking and the first order in_tnia.eﬁion nemely
rate of pieking x mechenism were both significant at 5 per cent
lsvel. The nature of the variation of plant hill missing with
the rate of picking 1s shown in Fige W.11s It was found that
the sinimwm plant hill missing was at & rate of picking of

| 60 hills/sin and was 4,09 par cent for mechanisu-i and 6.95
per cent for mechanisms-i, which increased to 16.8 and 16.4k
por cant for mechanlsw-A. and B respectively ab a rate of
picking ef 150 hilla/min, H@wa#or, within the range of I60

to 120 hills/min, the missing of hills ranged from 4.09 to

%.69 por csnt for machaniam=-A and 6.95 to 10.76 per cent

for mehanim—B, uhils the mechenisn was designed for a plant

| hill missing of 5 per cent. Though, studies on the permle
asible 1ixit of sissing had shown that ag much as ¢ per cent
alasing hi..’l 8 with a paximum consecutive nissing hills of
3/8qem. esu..d b eammmated by the naighbouring hills, §

per cent nissing hills waa the recommended level (38, W0).
Therefors, machanim=-A can be adopted to oparate upto a rate
of picking of 120 mzﬁs/mm, as the percentage of n:l._:s:uig
hiils exceeded onlﬁ by 0.69 psr cent, but wag wali within the
gaxsoum yez‘miasiblé limite |



Table 4.2 Analysis of varianee for plant hill nfgsizng

Source def  BuSe  HeSy8  F

obs Frap
K 2 3 » 5 6
Replications (R) 2 O.0240  0.01200 0.0320  3.20

hate of picking (P) 3 1454.4000 4848000 14G%.1092"  2.81
Height of 'mdi(-gr)m 2 441377 0.5689  1.7064  3.20

Mechonisus (M) 1 96,1420 96,1420 208.3758" %08

Ratg of pickiﬂg X 6 2e 9863 ‘:)91’977 10’4‘938 230
Height of saodling

Besdling hoight x 2  1.7773  0.8887  2.6686  3.20
Machaonian : ‘

Hate of picking x 3 67.6180 22,9393 &7.606:1‘ L 2.81
- Mechanlss

Picking rate x ssed= 6  3.2097  0.5350  1.577  2.30
1ing helght x machaniaso o

Error L&  15.3360 0,333 - -

Total 71164256310
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lc-.1.-3 Beedling dumage: The data wers analysed statistically
and the analysia of variance for seedling daxags is presentad
in Table %.3. It was found that the rate of picking was
significant at 9 per cent levei».b with :Seapecﬁ to sendling
damages All ths interactions of firat and second order were
non=-significant at 5 per cent level. The critical difference
at § psr cent level was computed and corpared with the treate
.ment mean differences. mz.a: ghowed that the differcnces
betwsen 150 and &0, 90 and 120 hﬁ.lla/mﬁ.n were signlficant at
5 per cent level, | ‘

Tne variation in ssedling damage with rate of plcking
is showyn in Fige ¥.12. The seedling damage ranged Ifrom 0.71
o 1.42 par cent for mchanis@-a and 0.53 1o 0.88 per cent .
for mechanism=B, at rates of picking of 60 to 150 hills/min
respoctively. lHowsver, with in the range of 60 to 120 hills/min
of rate of picking, the ssedling damage in both the mcﬁanilml
did not exceed 0.8 per cent as against the designed valus of
1.0 psr csnt. It was reported that 11 to 42.3 per cent of the
dazaged seadlings sustained the injuries caused by the transe
planting machines in Japan (51), The exact percentuge z_ir
dunasged meedlings could, therefore, be assessed only after
verifying it threugh actusl transplanting in the field, The
injuries caused in these mechanisms can be attributad to the
higher tip velocity of the pickerse. '



Table %.3 Analysis of variance for seedling damage
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HeBers

Lource d.f HeSe -"o'bs E?mb

1 2 3 e 5 6
neplication (1) 2 0.56578 043289 1.8222 3.20
Rate of picking (P) 3 24737 0.9126  5.0560°  2.84
Height of seediing(i) 2  0.2312  0.1156  C.640% ' 3.20

Eil
Machanisns (1) 1 0.66889 0.,8889 Y 927 Lo 35
Hate of picking x 6 1.2622 C.210%  1.1657 2.30
Helght of seedling
Sesdling height x 2 0.8711 0.4356 2.4133 Je
Hechanism
Hate of plicking x 3 047467 0.2189 1. 3789 281
Mechunisn
Hate of picking x 6 2.1666 0o 3604 2.0188 2430
Yeight x Mechanisam
“PTOT L6 8e3022 0.1805 - -
Total 71 17,0845
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4e1sl+ Power consumption: The power consumption was found o
vary with the rate of picking with a correlation coefficient of
0,999, The equations comnected the power consumption, ¥ and
the rate of picking, X were Y = O.224h4 X and ¥ = 0.,282% X for
mechanism-4 and B respectively. The variation of powsr consuc=
ption with the rate of picking is shown in Fige b.13. The
linsar increase in pouwer conswnption with rato of pleking L.,.n
be attributed o the work done which 13 pmpori:,lonal to “the

rate of picking,
Le2 Rffect of Height of Seediling

fhe efrsct of 3 levels of seedling height was studied

for the following indices:

44201 Seedling hil) distribution: The percentage Of hills
with Oy 1, 2 to b and § to S'seedling in each hill, were tabu-
lated and the results are represented in ¥Fig. W.1 through .9,
The average number of seedlings/hill was computed and Fig. k.10
shous the effect of seedling helight on average number of
seedlings/hill, The results were statiétically analysed and
the analysis of varlance for the average nuwber of seedlings/hill
is presented in gTable %.1. It was found that the main effect
of the ssedling heipght and the first order ingeryactions, viz.,
geadiing height x rate of picking, seediing heipght x mechaniso,
as well asg second order interaction viz., seedling height x

rate of picking x mechanise were all significant at § per cent
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level. Ths critical differcnce was computed and compared with
the treatoent pean dilferences. This indicsbed that at the
rate of &0 nille/min all the seedling heights were significantly
different at § per cent level. A&t 90 billgfirin, seedling
hsights 30 and 20 cn, &8 well as secdiing heights 25 and 20 cm
wers significantly different. 4t 120 hillg/min, =il the
seedlings heights were significantly different, whoreas seedving
heights 30 and 25 cm were not significently different at H

per cent level at 150 hills/mine This meuant that as the height
of the seedlings was reduced to 20 cm, the nuuber of seediings/
hill was affected and the effect was o pick up & higher muber
of seediings/hili. This was because, as the lengih of sededling
was redueed, it could be moved To the opening of the seedling
box as well as pushed down by the ejector easily and enabled

the pickers to grip better.i

4,2:2 Plant hill missing: The data was analysed statistically
for plant hill misgsing end the analysis of variance is shown in
Table 4e.2. It was found that the seedling helght had no signie-
ficant effect on the plent hill missing af 5 per cent level. ALl
the first and second order intemctidns vere also nonesignificant
at 5 per cent level. This showed that seediings of any hoight
between 20 and 30 cm could be used without remavkable change

in plant hill missinge. |
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he2e3 Seedling damage: The statistical analysis of the dato
was done and the anulysis of variance for seedling dapage is
shown in Table 4.3 It was found that the maln effect as well
as interactions of the seedling height were not significant
with respect to the seedling damage at § per cent level, Thus,
it could be infered that the seediings of any height between
20 and 30 cm could be used without appréciable change in

seedliing damagee.

L.2.4 Pover consumption: The observations for powver consgum-
ption for the tranaplanting mecnunismg-i and B- sﬁo'wed that,
the power congumption was not affected by the change in
seediling height and as such seedlings of 20 to 30 em height

could be used withoult any chaiige in power consumption.

he3 Xffect of the Mechanisn

The effect of the tip veloeity of the pickers for
the mpechanism-i with two sets of pickers and mschanism~B with
four sets of pickers were studied to evaluate their performnce
on the followling indices, namely; seedling distribution, sced-

ling danage, plant hill missing and power conaumption.

be3e1 Seedling distribubion: The percentuge of hills with
Uy 1 2 to b and § to 8 seediings in each hill was computed and
tabulated. The resulis are represcnted in Figs. 4.1 through

4.9. ‘The data were unaiysed statistically for the average
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number of seedlings/hill. The ammlysis of variance is siown
in Table kel. It was found that the main effect of the two
mechanisnsg was non-significant at 5 per cent level, while the
first order interactiorns nanely; seedling height x mechénism,
rate of picking x pechanisn as woll as the second order inter-
action, seedling height x rate of plcking x mechanisn were all
gignificant at 5 per cent ilevel. This is because, basically
both the mechamisms are the game and go the secedling distrie-
bution was aot significantly affectede However, the copbined
-effect of wmechanism, rate of plcking and éeédling height was
significant and it is difficuit o attribute the reason for

the ingteractionse.

L.3.2 Plant kill missing: The statistical analysis of the
data and the consequent analysis of variance, for plant hill
migsing, presented in Table 4,2, showed that the main effect
of the btwo mechanlisnms, and the first order interaction i.s.
rate of plcking x wechanism were both significant at 5§

per cent level. The coritical difference was computed and
conpared with the treatment mean difference, which had éhoun
that the o wechanisms were significantly different at §

pex cent level, with respéct Lo prlant Nill missing.

The effect of the machaniswms on plant hill missing 1is

repregented in Plg. Ye1le It was evident that regarding plant
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hidl missing, mechaiisn=-A was superipr Lo mechanigm=B, at all
pieking rates studied. The plant hill migsing ranged from
.09 t 16.8 per cent for mechanism=A and from 6.95 to 16,4k
per cent for mechanism~B, when rate of pleking varied from

60 to 150 hills/min, but at a rate of picking of 120 hills/mii,
the rmissing of plant hills was 5.69 and 10.76 per cent for |
nechanisn-A and B respectively, &s against the required 5

per cent. It is, therefore, evident thalt mechanismel ig
adoptable upto a spesd of 120 hills/min, as the plant hill

migsing excesded only 0.69 per cent.

The Iincrease in plant hill migsing in pechanisn-B could
be atiribubed o the geomiry of the mechanisme. The locus of
the picker-tip of the mechonisi~-B was a circle of L7 com
diameter, while that of mechanism-A was a circie of 30 em
dilapeter bub the other components like seedliing box, seedling
rake, seediing ejector, were of the same specifications in
both mechanismge This showsd that the picker-tlp of mechanis:i-b
travelled a longer distance and remained for more tipe in |
sé_edling box, than for mechanism-A. This offared zn Obstru-
ction to the sesdling rovenent and led to higher plant kill

‘missinge.

be3.3 Seedling dasaget The data were analysed statistically

and the analysis of variance is presented in Table W.3. It wos

found that the saedling danage vas significantly different in
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the two transplanting mechanisms, at 5 per cent levél. AL

the first and second order interactions were not sipgniilcant

abt § psr cent level. The affect of the mecharicm on seadiing
darage 1s shown in Fig. “e12. The critical dlfféremce vas
cqmputed end compared wiﬁh treatioent peans, wilch showed tint
there was 1o significant difference at 96 and 120 hills/min,
while the damaée wos significantiy diffarenm at other rates.

Lt was evident that the;sﬁadlihgs danage wag pore Jop pechanis:-
than fbr'mechahiam-ﬂ except:at the rate of picking of 50 hills/ iz
Though the maximum secdling dansge wae 1.% per c¢ent at the

rate of picking of 150 ﬁi&ls/min fof mechanism-n, in the range
of 60 to 120 hillis/min, the seedling dawmage in both the mecha-
nigms did not exceed 0.8 per cent as against the designed

Baximum 1imlit of 1 per cent.

The higher percantage of seedling damage in mechanisne-i

coulid be attributed to following reasons:

te The veloelty of the picker-tip of mechonism-A was
more than that of mechanisp-B (Figse Yeib and &.15)
and this dncreased the scratching and rubbing of the
scraper of the fixed picker with sesdlings.

2« As the plicker of the mechanian-B travelled a longer
distance in side the seediing boX at a lower speed,

it did not hurt the seedlings puche
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3« A8 the length of the plckers of pmechanian-iA was
1lsss than thwet of mechanism=B, the angle butween
the picker~hiplvelocity and seediings wasg nore
in the cagse of machuanismeji, than in mecharrign-H.
This couded bend:ng of the gseedlings and thus

damaged then.

Lo3.k Power consumption: The power consumption at vorious
rates of plcking for the two mechanisms was copputed and it
was fouwnd that the mechanisn=3 consunied more pover LHthan
mochanism=Ae. AL the lowest raie of picking 1t was ‘I3.'§8 and
17.07 watts for mechanisn~aA and B respsctively. It varied
linearly in both the cases with a correlation coefflclent of
0.995, and a slope of 0.22%h and 0.2824 for pechanians-aA

and B respectively.

was 0 P . Y
The power conswied,to overcome the friction at the

bearings and cans zand als0 to open the pickers agsinst tho
spring force. The higher pover requirements of mechonign-3
could, therciors, be atiributed tO the higher spring force

and lorger Irictional. tOrque.

The comparison of varicus treatument weans with thelr
crivical dirferences and the tablé of peans and standard
deviations of the performance indices are given in Appendirceg-



The various performance indices are plotted against
the tip velocity of the pickers also, and shown in ¥Fig. %.16.

, A |

The iaboratory teating of the transplanting mc&chanfisma-.&,
in the movable s0ll bin filled with puddied soil, had ahibwn
that the mechanism could not plant the meedlings perfectly
erccte Out of fifteen observations, the angle of ﬁ]@.antﬁihg
ranged from 9° to 46" with a mean of 27.220. The depth ;"ofi '
planting also Vvaried from 1.0 to 4.1 cm with a mean of 2.68
cn in these observations, as against the required 3 t 1+ cn
depth. Howsver; as the mochanism and %01l bin were separa‘aely
driven, there was no synchronisation batween the fo:'ward
movemant of the bin and the rotary spead of the mechan..am,
and hence did not provide a perfact simublation of the grpund-
whael driven pechanism, bub it did help- ta provide a v:’x.}sual
indication of the functiona bil.!.ty of the plant:e.ng swratem.

The transplanting mechanismes was fitted with a gr"ound-
wheel and subjected to a limited preliminary tr"ala in the
© actual field._ Thege trialas revealed the following points:
1¢ 1T cou“’Ld pick and release the seedlLings wiitmm;
fa1l, but could not plant them in the upright
posture properly. The seedlings remained :-Lyingi

almost horigontal, with their reoots slightliy |
dipped in the puddied soile.
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2+ Afber covering a disi;ance of 3 to k mof ﬁ:rwuz},d
travel, the mud got deposited on §o the caw of ‘
the ssedling ejector and picker assenbly, wh.ieh;;
hampered with thelir proper functioning and offe_zred
congiderable resistance to their movenert. f..f'hilfs
led to the skidding of the ground whael. '

3« The planting finger, moved by ﬁhe pickars, carx{:!;ed
& good amount of mud and threw forward which stf'-ruék
to the tip of the pickers. -

4, The hinge of the planting finger did mot fmcti!pn
properly due to the mud qtiézking to the hinge-p{ioint.
Thus the planting finger acted as a straight pi"lece ‘
in effect, which led to tha throwing of more and
more mud as the 'fingér passed under the _puélc}ledf

s0il surface.

In order to reduce the hagard of sticking mud, :Lt was
_teated in a puddled field with standing water of 3 to L cm
| depthe This led to reduction in the mud-sticking Wndency
o1 various partss, but could not eliminate ths problem entzraly.
- Measurements relating to actual planting cOuld not e tdken
due to the :.mproper ﬁxmtiomng of the mechanisn in the fx.eld.
Hovever, the picking and releasing system worked quite sut.hs-
factorilys the planting system and the ground-wheel dr.i,ve 511,
therefore, be improved furthers
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The mechanism could not plant the seedlings erect,
because, at the time of release, the seazdlings werezinaiinad
to the horizontal at an angle of sbout 25° with their leaves
touching the puddied loose g0il (Fig. 4e17)e This prevented
them from being planted ervect, even when the planting finger

pressed at the roois.

AS @ comparison with the commercial models of trans-
planting machines, tuals uevly developed oechanisy had a reasonal
rave of pleking of 120 nillis/min, as apgainst 100 and 120 hills/
min of most of the Japanese trangplanters using conventlonal
sgedrings (¥6). The plaht nill missing at this rate was
5.69 per cent fopr mechanismeA, while most of the transplanters
had shown as wmuch as 12.5 per cent glssing (36,'38, 58Y. he
test reports:. of thres commercial machines, for th: uaccuraey
of planting, shoved 56 t0o 22.1 per cent of {loating seedlings

and 36.8 to 72.7 per cent leaning seedlings (36).

It wags found that on an average 7.9 rinutes of Lime was
required for washing and loading one box of seedlings for the
newiy developed mechanisms, which could be plunted in 10 sg.q.
of avea, and this ssounted to 12% man-nrs/ha. if a berow
butlock=-dravn verzion was used the transplanting tipe would be

Cabout 12 hrs/ha, unich could substantially reduce the labour.
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Chapter V¥

SUMMARY ARD CONCLUSI NG

For over half of the world's population, rice pmv%ides
the main dietary source of energy and hence is 'one of thé nost
iuportant food materials. In the Far-last, where 90 per cent
of world's rice is grown, transplanting is widely practised
dus to numerous advantages offered. by this metnod. lManual
transplanting being a rather tedious operation, padd:,r t:ifam-
planters had been developed and introduced in several cc};untr:-},es
notably Japane Transplanbters using conventional sead!.ifzg's,
however, ara atill receiving world wide attention as tm:;
copmercial transplantsrs such as in use in Japan wers cciiutlier
and epployed special type of huraery raised with mich care and
skill, It was, therefors, decided to develop and test a new
type of paddy transplanting mecﬁanism, with the fallwing
specific objectives: :

1+ To design and develop a mechahism for -tmmpla&ting
conventional paddy seediings - i

2+ To test the transplanbing mecharnism under Laboﬁ:'atory
conditions | E

3. To identify the important paraseters of the me@mim
and establish their range for opbimal operation of
the unit designed under objsctive (1). '!



sccordingly, a pdddy transpilanting mechanism was
designed and developed. sAttenpts were made tO overcome, as far
as possible, the dravbmcks of similar mechanisms already
developed and reported. It was a single-row wiit with provi-
sion t0 sdd more such unitsy 50 as to make & multi-row
machine with a rowespacing of 20 cme. It was designed to
fransplant washed-root seedlings of 20 to 30 cu length at a
hill to hill distance of 19 em, with 2 % 3 seedlings/hill, to
a depth of 3 to b cm, with not wore than 9 per cent missing
hills and 1 per cent seedling damage. lMade ;aainly 0f Mee
and supported on a wooden float, the mechanism weighed 9.5
kg without scedlings. The impartant compenents of the mecha=-
nism were a seediing box %o hold the seediings, & seedling
rake and seedling ejector for positive conveyancs of the
secdlings into the plckerejaws, a pair of picker sets mowunted
on the main shaft and asctuated by a statlonary can to piek
and relezse the seediings, and a plaenting finger to plant
the seedlings, luid horizontally on the ground after release,
by the pickers. The main shaft was rotated by a ground wheel,
as the pechanism was drawn forward by wanual, anipal or

Tractor power.

In order to study the eflect of Yeduced tip veloclity of
the pickers, another mechanism with four plcker-sets, based on

the same concept as the firast one, but with proportionately



)

- wpo —--_—-F_¥—-:~—:—~_
'S
o

largar dimsnsions of pickers and stationary oam, was alao
fabricated. The components like seadiing box, rakse, e;jectc)r
 and main ahaft wore retained with the sawe ap;eciﬁwathna

as for the mechanism with two pickere-sets: This mchar:xiém
wolghed 11479 kg against 9.5 kg for the first meehmusw The
mechanism with owo picker sets vas designate& as m«ach:mism-A
and that with four picker sets as mechanism~B for mnvenieme.

‘The two mechanismswvere tested in the Laboratory to
compaia their performsnce in raespect of the plant hill ?mi_ssi_ng,
seediing damage, seediing dist'ribuﬁon, average nuubey ibf
seedlings per hill and the powér conaiuﬁiptinn, - The taaﬁ-;a vere
conducted with b rates of picking, i.e. 60, 90, 120 ani 150
hills/min and 3 seediing heights i.e. 30, 25 and 20 em for
both mechanism A and B. B

e

The laboratory tests revealed that as the rate of picking
ingreased from 60 to 150 hills/min, the missing nills igncreaaed
from 4%.09 to 16.8 per cent and 6.95 to 1644 per centy ‘soed—-
1ing damage from 0.8 %0 1.43 per cent and 0.53 to 0.89 pez' cents
and power consumption from 13.6 to 33.6 and 17.1 to 14-2.71 vatts
for mechanisma A and B respectively. Tm average numbcar of
seedlings for bhoth the mechanigms studied, dscreased fmam 2.4
to 2.0 for 30 cm long seedlings as the rate o:f.‘ picking incraasea
from 60 to 150 hills/mins However; upto a picking r,ato!l of
120 hills/min, the missing hills werse 5.69 and 10.69 per cent



for mechanisms 4 and B respectively, as against the desired

5 per cent missing hills. seediing daviage was less than 1

per cent and average number of seedlings/hill was above 2.00

in voth the mechanisns with a variation of 0 o 8 seediings/hill

‘with a paxipun standard deviation of 1.32.

48 the seediing height was reduced from 30 to 20 c¢m,
thé average numbey of Seedlings/hill was found to increase
- from 2.36 to 2.55 at the rate of picking of 60 hills/win,
2¢11 50 2439 at 90 hills/min, 2.07 to 2.39 at 120 hills/min
and 1.99 to 2.09 at 150 hills/imin. At all seediing heights,
upto 120 hills/min, the averape number of seedling/hill was

uhove 2.00, which was within the requived limit.

On comparing the performance of the two mpechanisms,
it was found that there was no difi'erence between the two
regarding their abllity to pick the number of seedlings,/hill,
However, miasing hills were more in mechanism B as compured
to mechanism A. For a rate of picking, upto 120 hills/min
mechanism 4 had sccephtable missing hill of 5.69 per cent as
against the recormended % per cent, while mechanisp B, had
10.67 per cent vhich was considerably higher than the acéeptable
Limite The seediing damageéupto 120 hills/min rate of pieking

was under 1 per cent for both the mechanisms.

Limited field trials revealed that the planting Iinger

provided in the mechanism did not function setisfactorily amd
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as such the plants were not properly plahted‘ Deposition
of mud on the statilonary cam and seedling ejector was a.
problem noticed in the field. C-oriasquently, the free écta-
tion of the main shaft was hampered which in turn led to
- the skidding of the ground wheels This called for furi%her
improvements in the design of the planting finger and éromd~
whesl drive,: | :i

o |

it was concluded that mechanism A could pick the seed-

lings from the seedling box and release thenm saﬁiaﬁ’actd;rily
.on the ground upto a picking rate of 120 hills/min, Th‘;e
nissing hills and seedling damage were within acce_ptablfe
limits. Trouble-free wrking of the transplanter Titbed with
such mechanism wouwid have & capacity of sbout 0.0216 h@i/hr
per rows The forward speesd for the rate of :dicking vizf,
120 hills/min comes to about 1.08 kmph. The mechanism could
not plant the seedlings erect and improvenent on pl»a.nti!'ng
finger was necsded. About 125 man-hrs/ha were required t.o wasl{
and load the seedlings and if a M-row bullock dr&wn verision \
could be used, it would require about 140 man-hrs/ha aaz against
200 to 250 man-hrg/ha in hand-tmnspl'anting,-.‘ This woul?i Justify
further developmental efforts and refinement of the meciizanism.
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SUGGESTT MG I' B FUTHEE WRE

An improved arrangement fbr'seedling planting

giiould be developed and incorporated.

1t may be worth while to lmprovise the power
transpission systen of the existing mechanisme

The gears if possible showid be eliminated.

An ioproved and effective ground-whacl drive

ghould be designed snd incorporated.

A proto~type with % to 6 rows using units
similar ¥0 the one developed in this investi-
gation should he fabricaied and tested in-
the field.
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Abpendix- Fi§

DESPINITL R OF TEHMS

1. Conventional seedlingss These are seedlings pulled

up from atraditional nurgery field. AaAfber pulling up,
the roots are washed of the soil and separated from

each other,

2. Unconventional secdlings: These are seedlings which
are raised under controlled conditions in seedilng boxes,
trays or special nursaty fields. &esdliings grown by this
pethod will have theiy roots inter-woven with the nursery

bed material inbetweenyto fform a seedlling met or bande

3¢ Plant hill: This refers to the group of seedlings

picked and releuased in one stroke of a plcier set.

Le Plant hill mpissings This refers to the non-picking or
total sbsence of a parvicwiar hill (expressed in percentage

of total strokes performed).

5. Plant hill density: This refers t0 the number of plant
hills per unit area of the transplanted field (number of

hills/sg_.m. }o

6o Hill to hill distance: “his-ls the digtance beiwesn two

consecutive hills in a Tow {cm).

7. Low to row distunce or row spacing: This is the distance

betwean two adjocent rows (cm)d.
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8¢ Field capacity: This refers to the area covered by the

transplanter in wnit time (ha/hr).

9. Rate of picking (P): This is the number of h:lls picked

from the seedling box in unit time (hills/oin)e.

10, seedling height (lI): This is the tobtal length of the
seedling stem including leaves., This exciudes the length of

roots (of)e

11+ Danaged seedlings: These are seediings found daomnged

by seratening, spiitting,l?q ... oY bending due to mechanieal
picking and dragging by the pickers, distinguished visually,
2B shown in ¥ige 3.18 (expressed as a percenbage of the total

seedlings released).

12, Average number of seedlinga/hiil: This is the total
number of seediings released in hills divided by the total

nunber of plcker-sitrokes performed (Seedlings/hill).

13, Angite of plantdngs This is the angle between the seodling
Pt £

- shem and horigzgontal {(degrees).

1 Depth of pranting: This 1s the vertical depth of the

iowest end ol the seedling stem from the field surface {cm).

15; Tip velocity of the pickers: This ig the tungential
veloeiby of the outer most point of the rotating picker

{cn/sec).
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16« Yorvard velocity of the wechanisms It is the linear

distance moved by the mechanism per unilt-time (kmph).

17 Mechanism-A(mA)= The transplanting mechanigm developed

under this project, having two picker sets.

18. Mechanisp=B (MB): The transplanting wechanism developed

under the project, having four plcker sets.



Avpendix-B

SPRCIFICATI NS OF THE VARIABLE SPFED DRIVE AND ”
IHSTRUMENTS USED IN THE LABRATIRY THST :

1. Variable speed drive

Electric potor:

Hake : Crompton Parkinson, Indla '
Frame No ‘1 B Y2 - 6EM "
Stg;ead $ . 960 rpm
atput s 20 hp 5'

K ph&&&, BeCoy

Input supply
Lo A0 v, 50 cps

Current + 27 A @ Delta '
. , 3,
Stai‘ter:
Hake 3 Siemens india ‘
Type : Push button automatic star-Delta

Mot LBY/K 987-SP-2a ]
Bi-rolay: 12=24% A ' '
Rating = 25 kv, 415 v, 3 p)naae
30 epp
Float::.ng eentre-?ari apeead? |
Haxipwn pulley diapeter - 18 crn
Minimun pulley dismeter « 6 cm

Maxipum speed ratio - 1:9




il

Gear boxs

3

Type Hand ghift with 9 forward and

1 reverse speeds

Gaar Ravlos

“

Gear~ I II Iii XV V R
Input= 6 3.5 1.83 1 0.83 6
Gutput~-1 1 1 1 1 1

speed range avallable & output ahafi ) 15 to 1075

corresponding to motor speed of 960 rpm rpu

2. instrungnts used

Tachonmeter;

Hake : IVENTUREY Gmith Industries,; London
Type ¢ Hand Tachomeler, Indicabing

Hange ¢ 0=h00 rev/min-Green dial

0=2000 rov/min - Plue dial

0=10,000 rev/win ~ Red dial
5top Watch:

RACER, Swibzerland

&
o

Hange ¢ 0 = 30 gec/rev. of centre hand



Energy Meter:

Halke H
Type :
Rating 3
Congstans ]

.l\‘
“\
o
N
\‘\ i
Jalpur Ilectricals Ltd, India ':.\ \
Rotating dise, recording type, 1\ &
, A0
3 phage, b wire _ gRY
A

Hos K 3

240 v/phase, 30 A -,/ghasé 56 eps.

60 revolution/kwh




Appendix- C

CHARACTERISTICE OF THE SEYDLINGS -

Variety

ak

20-6-1979 and
25-6=1979 '

Date of sowing
Nurseries

Date of Testing ¢ 25th, 26th, 27th and 28th July, 1979
and 1st, 2nd, 3rd and 4th August, 1979

Age of seediing 3 39 to 40 days ?
. and leaf stage _ : '
5 to 6 leal gtapge

Height of ssediings: 28 to 32 cm



Appendix=h

STATISTICAL LAYOUT JF THE BXPERIVENT

ftatistiea) layout I ¥ 3 x 2 Factorial with
of the experipent 3 replications in Handomized
hiock Design

Factors:

e Raté of picking (») : b levels:

Py = &0 hills/min
30 hills/min
120 hills/min

o
ti

3‘:
By = 150 hills/min

2. Sesdling height (H) 3 3 levels:

_H1 = 30 cm
Hy
HS = 20 cm

2 levelss

25 enm

3o Mechanisms (1)

M, = with 2 picker sets

My = with b picker sets

4, Replications (R) t 33 R1,R2,R3



Table D.1 Observations of the laboratory test (i)

0 1  damaged  hills of
| seedlings gﬁld}ings/
1 2 3 % % 6 9 & 9 10 1 12 13
Huwber of hills

M, P, H, 5 22 W B 29 7 | b 125 2.60 1.8
H, » 26 352 23 11 7 1 1 2 125 2.16 1219

H3 6 20 33 30 26 10 2 125 2.6% 1.32

P, B, 6 26 47 22 17 6 1 3 125 2.32 1.26
H, 7 33 W2 3% 6 3 1 125 - 2.06 1408

HB 6 2+ 49 19 20 6 1 3 125 2.36 1.27

Py H, 7 25 W 272 18 7 1 2 125 2,39 1.30
Hy 7 17 ¥ 27 20 9 2 1 125 2.57 1o34

H, 8 2¢ by 27 15 6 3 b 125 - 2.k 1.33

B, Hy ag 25 ] 31+ i 16 _:%2_ 6 3 125 2.02 1.39
H, 20 36 ¥3 19 3 b 2 TU125 T 14697 T 117

Hy 29 3 3¢ 23 1 2 L 125 1«8k 1.31

ANX



Table D1 camtd.-.al-

10 11 12 13

1 2 3 & 5 & }
‘ 1 129 2.30 1.32
My P, Hy 7 28 W5 24 8 1;3 ' - - -3
iy s o om g '5 2 125 2.62 1.1k
2 e jt} § 1 125 2.00 1.11
e o am s o 3 125 2.10 1.23
By 10 32 39 2? 11 5 ’ = 2.66% 1.1?
By 10 0 k3 46 22 lr 1 ' 1.6§ 9.‘:99
Py Hy 13 46 k1 22 2 1 . i 1‘?9 3.95
e i | 2 125 2.36 1.25
HB 1l.+ 8 50 30 :8 5 N id 1.93 1.z3
B, H 20 20 4w 3% 7 3 ; = 2.21; hs
Hy 20 12 W 2% 19 2 ’ e - o

1—"13 20 16 33 29 18

HAX



Table D.2 Observations of the laboratory test (R,)

- " " : . of Total | AVe NUDber TN
T ﬁg-- 03‘33%&{;1?}&354“1136 5 r demaged  hills of seedlings/
. ' 7 : seedlings hill
1 2 3 ¥ 5 6 9 8 9 10 11 12 13

i%hmber of hills

HooP, Hy L 25 &1 W 13 8 3 125 241 1413
H, 5 25 W 29 10 10 1 1 3 125 243 - 1.36

HB 6 27 W 26 20 6 2 125 2.36 - 1425

P, H, 6 3B 3% 28 10 3 b 125 2.10 118
B, 6 35 W2 33 7 O 125 2.05 1.05

Hy 7 3 W 17 2 125 211 1.23

Py Ny 7 22 32 31 18 12 3 1 125 | 2463 SEWAn
H, 6 18 46 29 16 8 2 2 125 250 1,29

iy, 8 2 3% ¥ 12 9 2 3 125 2ok S 1.3k

P Hy 20 18 3 25 17 3§ 3 125 2.11 1.38
H, 22 M 38 15 8 2 3 A N - 1.18

Hy 200 32 3% 13 19 3 1 L 125 1.9% 140

TIANY X



Tﬂb}-& Do?’: Qﬁﬂténqo

13

1 2 L 5 6 7 10 12

| | 2 125 2.25 1.32
B ﬂf 1 125 2.06 1e20
B, & 3 M5 25 5 1 ! = g -
2 o . 1 125 1.99 1427
A . 2 125 2.13 1.02
2 S ma 4 3 125 2.61 1.27
3 e 5 0 125 1.60 - 0.99
3 A 1 2 125 1.82 1.01
o 5‘? . 5 | 3 125 2.56 1+32
2w o ? : 2 125 1.96 1.38
o e ) :' L 125 2.32 1451
Hy 21 11 - 38 28 21 1 5 1 = - -

Hy 20 15 30 3 21 6 1

XX



Table D3 Jbservations of the laboratory test (113}
e . 0. OF Total  Av. NUDDar S. 0,
1T 3 T3  h 1mu§sb§r == 33@%1111@?&1% 7 g dawaged hills of seedlings/
- : ' geedilings hill
1 2 3 % 5 & 7 8 9 10 11 12 13

) Timber 0F THhils
26 Wy 23 16 10 1 125 242 1.32

A Pq By 5 3
H, 5 3¢ 3B 29 17 5 1 2 125 2.3 125
Hq 6 23 36 3 19 7 1 125 2.6 1.2%
P, H, 7 31 W 27 72 2 2 2 125 - 2.08 1etl
Hy 6 3% 3B 28 12 L1 1 125 2.16 122
Hy @ M3 27 12 3 2 125 . 202 1.18
Py Hy 6 2 36 36 19 8 2 125 2633 1.2k
Ha, 7 27 37 23 19 1 1 2 125 2.47 1.k5
Hy 8 3 M 25 11 3 B 5 125 2.18 1433
B, H, 20 23 39 =23 13 1 2 125 1.86 1.2
Hy, 21 4 33 13 7 & 1 2 125 1.63 1.27

¥ 4 | =
OO 135

e}
w
o
&
.
£\
-
AT ¥
-b
3
o
W
-
i\
A



Tuble D3 contdece

1 1t 2 3 & 5 6 9 10 11 12 13
B, Py B, 7 3B 36 20 15 7 2 125 2.22 140
H, 9 33 W 23 9 5 1 125 2.0k 1.18
Hy 6 8 W W 20 7 2 125 2.68 1.1
P, H, 10 32 b 2 9 9 2. 125 217 1.3%
H, 2 10 51 36 1t 5 2 125 .41 Teth
Hy 10 5 W 39 16 9 3 125 2.60 1.28
Py Hy 13 ¥ W8 19 1 | 2 125 1461 0.89
H, 12 32 50 2 2 1 1 125 1.89 1.08
2, 15 8 L5 36 16 3 2 125 2.38 1.29
By Hy 21 19 W2 19 15 b 3 125 1.99 1.33
H, 20 19 . 32 32 1 & 2 125 2.25 1.5k
Hy 21 20 30 27 1B 7 2 125 2.26 1.57

EWAV



Appendixe-r;

Table E.1 Seedling distribution

Husber of sesdlizigs/hil}r ‘ AVs 1i0e AV. 0. Percent:

. , ' of seed=- - of dauwaged tage of

0 1 2 3 b 5 6 7 & lings/hill seedlings damaged
seedlim

1 2 3 R 5 6 7 8 9 10 1 12

Parcentuge of hills

P1 H, 3.73 19.47 .31'?3 22,67 5.7 6.67 0.26 2.48 3.33 1.87

n; 3.73 21.60 39.73 21.60 10.13  5.87 0.80 6.53 2.31 2433 0.80
Hy W80 18.67 29.07 4,00 17.33  6.13 , 2.49 1,66 0.53
P, Hy 5.07 25.33 35.7% 20,53 9.07 3.47  0.80 2,12 3.00 1.07
Hy 5.07 27.73 32.57 25.33 6.67 2.0 0.26 2.09 0.67 0.27
Hy 533 26.27 32.27 16.80 13.87 3.20 0.26 2.16 2.33 0.80
Py Hy 5433 17,87 28.80 25.07 .67 7.20 1.07 2.51 1.66 0.53
H, .33 16,93 33.60 21,07 k67 7.47 1,07 2.51 1.66 0.53
Hy 640 2053 32,00 22.93 10.13 k.80 2,40 2.3 4,00 1.33
Py, H, 16,80 19.20 29.87 17.07 13.87 3.20 2.00 2.66 i .07
Hy, 16,80 32.53 30.40 12.53 %80 2.67 ©.26 | 1465 2.33 1.07
Hy 16,80 28,53 2w.53 .67 13.33  1.87  UG.26 1.86 4. 33 187 3




Table i cﬂﬂtdo e

1 2 3 L 5 6 ? 8 10 1 42

My P, H, 5.87 25,60 32.53 18,93 B.00 8.53 0.26 0.26 2426 1,66 0.53
H, 6.67 28.27 35.20 19.20 6.40 4.00 0.26 2.03 1.33 053

Hy 5.33 6413 3Wwh0 35.73 13.87 %53 0.26 2.60 1.66 0.53 .

P, H, 8,00 26.80 30.13 21.33 6.67 .80 2.05 1.33 0.53
H, 7.47 16.27 38.67 25.60 G.07 2.93 | 2.2% 2.33 0.80

Hy BoQO  3.20 367 3,k0 13.60 W80 1433 2. 62 2.66 0.80

p3 Hy 1067 3733 3333 17,07 1.07 0.53 1.62 1«00 0.53
H, 10.40 20.40 40.80 17.33 %.80 0.27 1.80 1.66 C.80

Hy 11,20 6.93 Jhek3 27,46 15.47  LO0 0.53 243 2.33 0.80

B, H, 16,53 17.87 32.53 20.27 9.87 2.067 0.27 1.98 - 2.66 1.07
H, 16.53 11.20 3050 22,50 1440 1.87 2.67 0.53 2.26 3.00 1.07

Hy 1@.27 13.60 2480 22,93 15.20 507 G800 1.33 2.32 166 0.53

VA'AY4



Appendilx-r

Teble ¥.1 Percentage of hills with 0, 1, 2 to & and
5 to 8 sendl,ngd/hill

Nggber of seedlvn 8 l’l.»li.

2t AL &

 -1 B 2" 3 S

Pereentage of hills

M, P, H, 373 19.47 69,86 6493
H, 373 21,60 6747 2420

g %.80‘ 18467 7080 6413

P, i 5.07 25.33 62.67 Yo 27
H,  5.07 27473  6+.53 2.67

Hy 533 28.27 6293 37

?3 H1 5¢33 1780 68.93 8.27

H, - 5e33 16.53 69.33 = = 8.80

Hy . 640 20.53  65.87 220

P, Hy 16807 19,20 60.80 - 3.20
Hy 16480 32:53  50.40 T 2493

Hy 1680 2853 5253 2,13

My Py Hy 5.06 25,60 59.46 - 5.07
Hy 6,67 - 28,27 €G.80 e 27

H 5¢33 613 Bleo 3D L.50

P, H, 800 28,80 58.13 5.07

3

1 | “
L 77 16,27 73.33 2.93
g B0 . 320 B267 6413



Table F01 contdees

XWXV

1 2 3 4
py H, 10467 37,33 §51.47 0.53
Ha 10.1‘3‘0 260“0 62093 002?
Hy 11020 693  77.33 %53
B, H, 16453 17.87  62.€67 2.93
M, 16,53 11020  69.87 5,07
1‘1 16.2‘7 13060 62-93 7.80




Appendix-G

THO-WAY TABLES FOL THE I x 3 x 2 FACTRIAL BXPEHIMSNT

Table G.1 Twoe~way table for averaps nusber of seediings/hill

Batveen Rate of Picking (P) and Height of Seediling (H)

Average numbey of seedlings/hill

Total
Py P2 3 Py
1. 2 3 Y 5
H, ke 20 12.66 1242 11.93  51.21
i, 13.03 12,91 12.96 11,72 50,62
H. 15427 14,36 e 31 12454 56,48
- .
Total U250 32.93 39,69 36.19 158 . 3%
Between Rate ofipicking (P) ond Hechani sns ()
M, 21.82 1926 22411 16452 79. 71
My 20.68 20.67 17.58 19,66 7859
Bevween Seediing Height (M) and Mechanismg (I9)
I H, Hy Total,
M 27.149 25469 264 5% 79.72

Total 5121 5063 56448 158632




Table G’o 2:
migsing

Betwesn Hate of Picking (P) and Seedling Height (H)

Two=-way table for percentage of plant hill

X XAV

Percentape of plant hill migsing

Total
Py P, .93 P,
¢ 1 2 3 b 5
Hy 28.8 39.2 48,0 100.0- 21640
Hy 31e2 37.6 U472 100.0 2160
Hy 3041 40.0 5248 99.2 222.h
Between Rate of Picking (P} and Mechanisms (1)
M, 36.8 RN 5142 1H1.2 2B5.6
M 53.6 704 36.8 15,0 }368.8
Potal  90.L 116.8 8.0 299.2  65h.h
Betvween Height of Seedling (H) and Mechanisms(M)
H, H, ‘ H3 Total
M, 32,8 92.8 10040 285.6
21640 202,k PSRN

Total 216.0
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Pable G.3 Twueway table for percentage of seedling dapage

Betwesn Rate of Picking (P) and leight of Seediing (i)

- Percentape of seediing dapage . Total
- K] 2 3 13 L
H, bl L otd 3.2 SN 19,2
Hz 1%.0 302 ,"5'00 ?‘2 18’ o)'i'
H3 3.2 k.8 Gl 72 21e6
Total 12.0 12.8 13.6 20.8 59.2
Betweon Hate of Bicking (P) and Mechanisms (M)
M, 742 6l 762 12.8 33.6
My 4.8 RN 6ols 8;0 25.6
POTAL 12,0 12.8 136 20.8 59. 2
Between Meight of seedling (H) and lechanians (i)
H.‘ HQ HB Total
, 1.2 8.8 13.6 33.6
f{B 803 9.6 8.0 35.6
Total 19-2 18-‘4’ 21 o6 59.2




Appendix«H

CHPARIS ¥ TREATHENT MEAHNS

1. Comparigon of treatwent means for average mwber of
seedlings/hil)

Standard error difference due to Hate of Pleking,

5.8 (d) =\/—3—3-‘—M192 = 0.0345
I3x3x2

Critifical difference = tkﬁ,o.os % BeE(A) = 2,01 x 0,0345

= 0.069%
Treatment msan difference betueen rates of plicking of,
60 énd 90 hillg/min = 0,1&245; 60 and 120 hills/min
= 0.1563
60 and 150 hills/min = 0.2590 390 and 120 Mi1ls/min=0.0139

90 and 150 hills/win = 0.1166 3 120 and 190 hills/min=0.1027"

!

Stendard error of difference due to seedling helght,

Sel(d) = \E § “'g‘g = 0.0299

Criftical difference = 2.01% x 0.029% = 0.0601k

reatiment mesn difference at 60 hills/min beween the
ssedling height of



XL

30 and 25 om = 0.198%5 30 and 20 em = 0,180°
25 and 20 om = 0.378

AT 90 hills/min, between seédling heights of 30 and 25 e

W
30 and 20 cm = 0.28"; 29 and 20 cm = 0.238

At 120 hills/min, between seediing heipghts of, .

30 and 25 cm. Qe 090 30 and 20 oit = 0.320$;

25 and 20 cm = 0.230"

At 150 hills/min, 30 and 25 cm = 0.0407 30 and 20 cm=0. 100"
25 and 20 cn = 0.1&0*.

2. Comparigon of treatment means for plant hill wmissing

gtandard erroxr of difference due to Rate of Plcldng,

5.5 __‘3.2‘.9.'.3339.. = 0. :
ua_l.b(d = 3 X 3 X = Oe 1925

¥

Critical difference = tye,0.05 & BeB(A) = 2.01% x G.1929
= 0.3877 .

Preatment mpesn difference between rates of picling of,

60 and 90 hilis/min = 1.19 5 60 and 120 hills/mins 3.20

60 and 150 hills/min= 11;59? 90 and 120 hills/min= 2.01&i

90 and 150 hills/min = 10.h0*; 120 and 150 hills/min = 8.39"
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Standard error difference dus to lechanism,

o 2 x 0.333k
u.E(d) = 3 % h‘ < 3

= 0.1361

Critical difference = 2.01% x 0.13671 = 0.27%1

Treatuent msan gifference betwaen the mochanism ab
rate of picking of

60 hills/min = 1.87 3 90 mills/uin = 3.20°

120 hills/win = 5,073 150 hille/min = 0.36
Comparison of trsatwment moans fqr 5eedling danage

Standard errvor of difference lor Hate of PloKing,

o _ 2% 9.1805
Gek{d) u.J Tx 3% 2 = 01416

Critical difference = ﬁh6,0.05 ;tS.E(d) = 201 x G.1416

= 02852
Treatment mean difference between rates of picking of,
€0 and 90 hills/min = 0.04k51; 60 and 120 Mills/min = U.08E9
‘ L
€0 and 150 hills/min= 0.4890 3 90 and 120 hills/min= O.0W4k
90 and 150 hilis/min = 0.Mddg 120 and 150 nills/mins 0.4000°
Standard srror of dfference foy pechanisns, SJ5(d)= Jg\x 0,150

xx3

= 01001
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Critiesl difference = 2.0 2 0.1001 = 0.2017

Traotment mean differencos between mechanisws ab
vrute of picking of 60 hills/min = 0.27%; 90 hills/win = 0

120 hills/min = 0.0890; 150 hills/min = 0.533*

000 00



Appendix~l

Table L.1 Meana and standard deviations of various
performance indices

Rateg of picking (iiilg/min)

60 N 120 150
1 2 3 28
AVe 0. Of seedlings/
nill at various
secdiing heights {(cm)
Hezn 2.36 2e11 2.07 1.99
¥ s, .09 1.22 1.2 1.33
Mean 201? 2615 2016 1 .95
25 Belle 1ol 1.13 1.25 139
Hean 2.55 2¢39 2639 2609
20 4., 1420 1.29 1.32 1.48
Percentage oI plant
niii pigsing for
Mechanisn 4 and B
M Hean L, 09 516 .69 16.80
A 5D 0.59 0,30 0459 0.65
& i
Bz el 0.67 0.63 067 Qo)
Poreentage oi seed-
ling danage for
Mechaniasis 4 and B _
. Mean 0.80 071 0.80 1,42
A Sele 0038 0,1:’5 0.38 0.50
. Mean 0.53 0.7 0.7 0.89
B sa. 0.3 0.29 0.49

0.W5




AppendixeJ

Table J«1 Pover consumption of the wmechanism at various

tests

Tima for one revolution

ovwer
of the enerpgy meter digelaseg) consuned
With pechanige W2 GhOUt Lochi- (watis)
in operation ggg?aggon ’
1 2 3
M, Py H, 95.0 93.0 13.58
I’ig 95¢U 93. O 1 30 58
Hq 95.0 93,0 13.58
?2 H1 0660 92f5 206106
Hy, 96.0 92.5 20416
Py ' H,  96.5 92.5 26489
: 1—i2 96e5 92.5 26,89
ﬁs 3645 92.9 26,89
HQ 970 9240 33.62
H3 979 92.0 33.62
B P1 H1 95.§) 92.5»* 17.07
Hy 95.0 92.9 17.07
HB 95,0 92,5 17,07
Py H, 389 Gk, 5 25.?8'
i, 985 L.y 25.70
H 98.5 e § 25478
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Table Jel1 contdess

1 1 2 3
P3 H1 9?00 . 9200 33062
H, 970 : 92.0 33.62
HB C97.0 ' $2.0 33.62
p, Hy 955 89,5 S k2492
H, 95.9 89.5 43,12

Hy  95.9 89.5 42,12




