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Tea harvesting equipment is disclosed herein wherein the equipment is solely supported on the tea bush canopy without 血y
ground ∞nta前， the equipment comprising a framework (16) carrying either bel的(l l ， 12) or wheelsJrollers (23, 25) which 紅e
located at le曲t partially below the framework (I6) and engage the tea bush canopy, tbe belts or wheelsJ rollers enabling 
movement ofthe equipm叩t over the canopy, a cutter assembly (59) carried by the frame work (16) ex臼nding rorwardly of 
and 甘冒nsver.且ly 自由ss the movement direction of the Havester，阻d a collection duct (64) to receive cut leaves from the 
cutter 由sembly(59) 血d deposit same into collec訂onbinsorb咕sc缸Tied by the harv目，ter
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The present invention relates 10 apparatus adapted to improve the m曲hanisation

。f tea growing activities Including but nol IImiled 10 harvesting, prunlng , spraying 8nd 

fertilising. 

5 Tea Is normally grown in rows 01 bushes and when plucked by hand forms a hedge. 

Tr甜Ition副Iytea h晶 been plucked by hand and therefo問 the bushes have to be p叫ned to a 

helght th剖 enables the 凹陷on plucklng lhe leal 10 reach over lhe 10p 01 lhe bush and 10 

the centre 叫 the bush, this necessitates the tea bush belng pruned at intervals 10 

maintain the plu由Ing helghl. It Is 甜甜惘。es詞句 10 have tracks or rows in between the 

1 0 tea bushes. These tracks allow lhe entry 01 sunfight which ín turn generales weed groWfh 

whl的 then mU5t be ∞ntrolled by herbicides or by hand weeding at hígh ∞sl. 

There have been developed varlous methods 01 harvestíng the tea crops by 

mechanised means, the fi間t levels of mechanisation being hand held clippers with a 

∞ltectlon dev岫 a惜的回 to one 01 the blades. Thís Is all operated by hand and oï∞u間

15 supp。忱ed Irom the ground by the indivídual hotding the hand clíppers. The second 

generation of harvesters belng simple reciprocating blades with tWQ handles on the 

machíne with a leal collection bag whí由 is generally 回rríed by two people wíth a 

lurther two pe悶。ns 10 carry the sack of te8, a four man crew. This unlt 15 still 

J supported by the índíviduals holdíng the machínery and the collectíon devi個 wíth the 

20 operato惜別由diπ'g 00 the ground jn every instan個 This has required the clealing of 

paths through the tea. maintalníng 01 the height 01 the tea and the buílding 01 bridges or 

pathways across dralns. Further developments have been made in mechanised tea 

h宙vestlng by lhe use 01 wheeled ma曲ín曲. half tra曲:ed machines and 抽cked m甜'hin8S

ín 甜甜fort to spread the weight across a greater area and reduce the ground pressure. 

25 Tea tradí甘onally grows at hígh altítude close to the equator ín the tropícs and therelo間 is

subject to Irequent tropícal raín and the ground ∞ndílíon to grow lea ídeally Is gene間1月v

moíst and damp and the soíls often soft. The ∞mbination of the environment and 由e

曲nopy ∞Iverage of the leaves means that the slte can deteriorate and over a peri呵。I lIme

compaction can take place which can substaotially further reduce yields. 10 every 

3 0 instance it is necessary 10 keep tracks open in the area between rows of bushes for 

operato悶 and machines to pass along and substantial civil works are nec9ssa可 (e.g

construct昀n of bridges over the dralns whlch must be at frequent intervals throughout 

the tea es祖te to enable 肋epa時age 01 the machines through lhe tea to be ha阿e甜甜i). In 

addition. there needs to be sufficient width of head land at the end of the tea rows to allow 

35 the machine 10 be turned and re-enter the crop 



If lhe lea leaf is 10 be of value 11 musl be harvesled al lhe ∞rrect length therefore. 

11 has been a ∞耐inual problem to maintain a precise even depth when de1ermining the 

fresh growth 10 出 plu曲:ed. With mechanised means it has been 8chi研ed by using lhe 

ground as a ∞nslant height source and thereby having the plcking means at祖.ched at a 

5 旬肘。lIable polnt from the ground. withwheeled. 1!!部h[nes this has 旬開 Imp阻副扭曲悟

where site Irregularities and 80ft patches of grQJJJ1d_ 9∞ur. The tracked machines have 

been rr回時間∞essful but means the machlnes are substantially more expensive and 10 

hSV8 substantial clvll wi。位 carried oul to enable the support of these m曲hines. The 

hand 回府ied metho曲 means the plucking device has 10 be 5U阱，。加d by indivlduals 伽m

1 0 the ground. with the 間sult that 由ea∞uracy of height. ∞ntrol from the ground whlle the 

pe陌。n is walking 810ng is extremely difflCult to maintain, thls allows the cuttlng means 

to be ralsed and Iowered unintentionally causing IosS of crop or scalplng i"to the bush 

which glves poor quality harvested leaf. scalping into lhe mainlen叩開 foliage 刮目

reduces the yields. 

15 11 Is t惘。bjÐ\;uv t:l UI 1118 present invention to solve the foregoi吋 problems and to 

pr.吋uce a low capltal ∞81 machine that Is 回ipable of ca吋Ing oul all of the 祖sks 阻quired

ona tea 晶祖祖.

ιA扭扭rding to the present lnvention there is provided apparatus for use with a row 

of tea bushes. 目lid apparatus ∞mprising su仰。吋 frame means which ìn use is ad叩ted to 

20 extend above and generally parallel to a top zone of 8t least one row of tea bushes, 

lransport means carried by said support 抽me means and located at least pa吋ally below 

said support frame mea悶 adapted 10 ∞ntact and be supported on Ihe top zone of al leasl 

one row of tea bushes, and drive means to drive sald transport means whereby said 

support frame means is moved over the top zone of said row of tea bushes whlle belng 

25 support甜甜lely by 回岫 tea bushes. 

By ensuring lhal lhe machine does nol have any ground support. the lraditlonal 

problems dlscussed above with uneven or boggy ground ∞nditions are avoided. ; 

Preferably the support frame means comprises two articulated frame members 

each having independent transport means whereby the drive means is adapted to 

30 selectably drive said independent transport means at differing 申聞自 (or at the same 

speed. If desired). A由antageously， the support frame means is steerable by s，刮目lably

varying lhe relative speed (即 din田lion) of lhe Independenl lrans帥的 means.

Conveniently, the transport means may comprise a wide endless belt, the belt 

being suppo叫ed by a plurality of roliers or wheels depending from lhe or each support 

35 frame. Allernallvely. an endless bell as aforesaid mighl be used supported by ∞mpressed 



air i吋ected Into a substantlaily closed zone within the belt. In stiii lurther p。自ible

arrangements, a pluralify 01 IIghtwelght rollers or wheels might be used to support the 

support 岫me dirl目tly on the tea bushes. 

Apparatus as aforesald may, in one em出diment act 晶 a tea harv間tlna machine 

5 and in such clrcumstan曲s tea harvesting equlpment may be operationaily 晶cur，甜 to the 

support frame Sl肘1 that a cutting assembly engages andωts the new growth tea leaves on 

the tea bushes 晶 the apparatus moves over the top zone thereof. In one arrangement the 

cuttlng assembly may ∞mp的se a reclprocating blade with slde mounted chalns with cross 

bars, paddles or brushes to sl細e the 血泊 tea leal up into ∞ntainer bins or into bags 

1 0 Alternative旬， a rotating cutter mechani_!m with a vacuum to d用w the leal Into a leal 

separatlng device into bags or bulk blns might be employed. In a 剖iii lurther posslble 

arrangement，悶。iprocating or rotating cutters mighl be employed with forced alr 

blowlng 01 the leal oH theωtting edge with se∞ndary air i吋ect nozzles to continue 

∞nveyance 01 the leal thro咱h an enciosed duct into b句s or into bulk bi悶

1 5 A number of preferred embodiments and va吋。us differing arrangements are 

disclosed in the annex甜 drawlngs， FIgs. 1 to 21 , and briefiy described he抽inafter

Flgure 1 shows one such ∞nfiguration comprising twln variable speed 出Its

which speed varlation between the pa用ilel belts can be ∞ntrolled with a simple belt 

l∞，key pulley intermitlently engaged In elther, lorward, neutral or rèverse. The same 

2 0 devlce can be powered by use 01 hydrostatic d巾es or by friction drives or such means 

that would give a variation of speed between the parallel belts which is used for 

manoeuvring, turnin自由e machlne and for forward and reve阻e (see Fig. 14). The belts 

would be powered by the frlction engagement 01 the driven roiler and supported on the 

underside by a series of Idler rollers with guide strips on the belts 10 prevent 

2 5 mlsalignment 

Figu間 2 shows the use 01 air turbines (1) to i悶悶ase the pressu抽 within the 

betl track assembly (2), the beltlng acting as a seal over the top 01 the tea leal and with 

the s祖e skirting (3) the alr pressure obtained internaily lorms a hover track without 

any roilers on the ba扭。1 the track other than the end roilers (4), lrictionally driving 

3 0 the machine. 

The devi個s can be made in various conflgurations in two parallel variab旭 speed

belts lor dlrectional ∞ntrol. Figure 3 shows two full width a吋iculated moblle belt 

platlorms Inter∞nnected and steerable 

As described In the foregolog, many activities necessary in a tea estate can be 

35 曲rried 。叫 using apparalus according 10 the present invention 
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Flgure 4 iIIustrates a spraylng embodiment where platforms can be used to ( 

su伸ort a tank 01 spraying solu加n which is spray甜 through booms 凹的。zzles.

Figu間s 5 and 6 Itlus甘'ate a pruning activity. When pruning, the machlne moves I 

10附a吋 being supported by the tea bushes and uses a bandsaw p巾clple (Flgure 5) to 

5 saw 011 the underside 01 the tea bushes or reciprocatingωtters or circular saws (Figure 

6) lor deeper pruning and 刮目 lor skiffing. A still lurther activity might be 個叫iIIslng

自由。wn In F旬ure 7. The ma曲，ne can 出 fined to 曲叮 bulk or bags 01 lertilis.r wlth a 

hopper with air inj.ct that wlll dlstrlbute the lertiliser along a boom and blow down 

through nozzl.s at a hlgh veloclty penetratlng thrOl地h the leaves lorming the tea bush 

1 0 canopy and thereby depositing th. drilled le吋liser around th. base 01 the t.a bushes 

(Flgure 7) 

Figure 8 lIIustrates a dill.rent lorm 01 transport means where soft rotl.rs (1) 

supported with a bearlng at either end are used. This arrangement spreads th. Ioad 

a目。ss th. width 朋d over the diameter of 肋e roller. The use of such rollers ∞ntrols the 

1 5 cutting height 01 the _c~1!ing blade autorn哩ticatly to_ glvo precislon dep_t.h 01 'cut 

Irr.sp自tive 01 the variations 01 th. height 01 the canopy 01 the tea bushes.. Such a d.vl揖

∞uld be usad in advance 01 the mobile platforms thereby causing a levetllng ellect 

b!3tween harvesting operations and very a∞urateJy ∞ntrolling the operatlonal height 01 

the cutter (2) 間lative to the tea bush. 5uch function being automatic ln that the machine 

20 吋ses wlth the grow酬。I the tea 恤Jsh canopy thereby still maintaining the precise cutting 

h.國

Figure 9 iIIustrates the possible use of a series of Interconnected rollers 10 

spread the load without any e叫ernal belting 

Flgur. 10 iIIustrates the use 01 wh.els or rotlers 01 sultable mat.rial and 

2 5 diam.t.r to giv. sullicl.nt light Ioading to convey the machine across the top 01 th. t.a 

bush.s wi酬。ut any ∞n個ct with the ground 

F咱ure 11 iIIustrates a device 'for harvesting and ∞tlecting leal lutly supported 

by the t.a bush with no ∞ntact with th. ground 

Figure 12 lIIustrates a devlce for transporting harvested leaf or materials acro晶

30 the top 01 th. t.a bushes 叫的out ∞ntacting the ground 

As previously outlined, this machine has been designad to operate on top 01 the t.a 

bush 個nopy (refer to F旬U用 1) ， by the means 01 two independent wide belts Flgure 13 

(1) , driven by a smatl engine (2) via a transmission (see Figure 14) to final drive 

rotlers (3) (belts are Iriction driven by rollers) 



The one lunction 01 the machine is 10 harvest tea leaves by means 01 a 

reclpr∞atlng ∞tter bar (4) (operat8d by a small independent engi間 (5)) blow the cut 

i8al up a ∞lIe闡明 ch叫8 (6) via a high v810cily biow8r (7) (op8rated by an independent 

8ngin8 (8)) into an air tube (的 and out 8ach blow8r tub8 (10) 

5 Aft8r 18al has trav8rs8d ∞118ction chut8 (6) 18al is deposited in抽∞11倒ion bags 

。 r bulk blns (11). 

Aft8r bags ar8 full a t8a shuttie 扭曲 Figur8 12) may b8 used to ∞me along side 

and 如 11 bags or bins ar8 unloeded onto shuttl8 r8ady lor transler to lactory. 

Figure 14 iIIustrates a possibl8 tr旦旦迦姐』且用翩翩t. The transmission 

10 ∞甜甜。1 a small ind8pendent engine (A) V-Beit driv8n via cone V-B8It pulleys (B) 徊。

speed ralios 回n b8 chang8d) to prima旬出ve shaft (C) on primary shaft (C) are on 

。叫s組e a V-Belt 朋d pulley (0) (on oulsid8 to 8nsur8 8asy r8plac8ment 01 001區). Ne兩個

the V.Belt pulley is a roller (2) wilh a compressible material on the rim, such as 

polyurethane, rubber or lriction materlal and Ihe same is duplicated on t惘。the，'end 01 

1 5 shaft (F, G). 

From the primary drive shaft a V.Belt drive is provided to the Intermediate shaft 

Right h即可d intermediate shaft drives r自ht hand track, LH interm8diat8 shaft drives, LH 

track with V-Belt pulley (H) and steel rimmed 阻118r (1) th8n sproci‘8t (J) the same is 

dupl岫ted on oth8r intermediate drive shaft. V-B81I pUll8y (M) steèl rimmed roller (L) 

20 and sprocket (K). 

From the intermediate shafts there Is a final drive via 的ain (N) to finai drive 

shaft (0) which rotates roll8悶 (P) which powers machine. Connected 10 roller 1 is a 

brake to b8 used a pal1dng brake. The 仙nction 01 the transmission is described in the 

loilowing. 

25 The transmission is operated by two levers (see (4) linkage Figure 14) with 

Iinkag8 to primary drive shaft. 1I both levers a間 pushed lorward (as per illustration 

(4) Figur8 14) linkages raises primary driv8 shaft which e甸甸es V-Belts and 阻uses

10附ard movement. This position is mainlained via spring t9nsion (see Figure 14 • 

transmission description item 1) providing lorward movement 

30 If the two ievers are both pulled back to a vertical position, V-Belts are 

disengaged and the machine is in neutral (see 2). 1I both le凹陷 are both pulled back 

lowa吋s the 。但ralor thls engages the two rollers 閏using the machine 10 reverse 扭曲 3)

providing 間ve悶e motion 

For turning left or right one i8ver is kept lorward keeping V-Belts engaged 

35 (閏using forward movement) and one lever pulled back, either into neutral or reverse 



depend.ing on the tightness 01 the turn. 的 one lever lully forward (1 track 10附由世) and 

one lever lully b甜k (1 tra曲 reverse)， the machine can counter rotate. 

F旬ures 15. 16 and 17 lIIustrate a preferred form 01 chassis 什ame. The frame 

has been deslgned to be to悶ionally strong and very light. Using predominantly high 

5 strength IIghtweight chrome molybdenum tubing or other suftable alloy as discussed 

pr制lousiy， ea曲回ck unh Is independent 01 the 0出er and joined together at assembly on 

slte. 

Each track unft has Its own chassis or Irame (see Figu間s 15 and 16) each 

pr肘ision jig built using high strength lightweight tubing (see Figure 16) e部h s自tioo is 

1 0 a triangulated truss secti桐. torsionally strong in all dirl叫i。閱 (17). Fitted to these 

trlangulated Irames are the drive roller (rear 1) and lront rollers (2) also fitted are 

the interm甜iate rollers and beft t間ck (4). 

Front and rear rollers may be aluminium tublng or rolled aluminium sheet 

r1veted to clrcuiar gussets spaced within the tube. 

1 5 Intermedlate rollers are alumlnium or PVC tubing which in turn are fi世ed to 

lightweight pressed bearings which are mounted to underside 01 cha自Is. When 00 8its, 

assembly 01 由e two track frames is a間。mplished by pushing together and joining per 

de個iI A (F咱U月 15) and then bofted together . 
8eft (tra品.) is tensioned by means 01 a take up bearing at front of fr;副nes

2 0 A prelerred lorm 01 cutter head and ieal ∞lIection chute is iIIustrat甜 in Figures 

嗨， 19 and 20. The cutter bar is a recipro曲ting unit ∞mprising twa ba悶，曲。何 centre

crank drive mechanism and an independent 8ma!! p帥。I engine dir自tly mounted to the 

。H曲t crank drive mechanism (see Figure 18). Figure 13 cutter ba用 (4) are mounted 

on the leading edge 01 the ∞IIeclion chute (6). Mounted at the top leading edge 01 the chute 

25 is an aiuminium tube (9) connected to a high velocity blower (D. Again power is 

supplied by 叩 independent small engine (8). High veloclty air is directed up the chute 

via nozzies (10) ciamped to aluminium tube lor clamping I品hnique 扭曲 Figu抽 19).

Construction of a ∞IIection chute is shown in Figure 20. The colleclion chute is 

∞nstructed from light gauge aluminium. Each panel is pressed w伽 alipupe缸h side to 

30 increase its rigidity and strength to span the 3.4 metre width. Each panel is riveted 

together and the chute is a separate complete assembly which can be mounted on site 

quickly and efficiently. 

It wiU be appreciated by those skilled in the art that quite substa叫ial advantages 

a間 achieved by use of apparatus as now described in the fo阻going te叫 These advan祖ges

35 inciude . 
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(i) Ihal the間 is no Ionger any need for passages between tea bush rows and therefo間

intergrowth 01 the téa bushes can be permitted 10 form one continuous 

inter，∞nn曲ting canopy of tea bushes without any a∞ess tra曲:5 or opening through 

10 Ihe ground thereby ∞ntrolling weeds and reduclng the need for he巾icides.

5 (Ii) I A machlne su仰。rted by lea bushes enables 由e harvesting of tea in any direction 

regardless 01 Ihe rows or pla由menl 01 Ihe bushes. 

( 11 i) I The device enables 抽rvestlng of tea on tea 闖關es irresp間Ilve 01 Ihe di間tion or 

quanlity 01 d叫時 underlylng Ihe lea bushes. 

( i v) ,The device enables very a∞urate ∞nlrol 01 cu削ng helghts 01 Ihe young 1，間shly

1 0 grown lea leal and enables aulomalic adjuslmenl by picking Irom Ihe lop 01 Ihe 

bush wilhoul ∞n個別。n Ihe ground 

(v) jThedevi曲 pr，剖開Is ground ∞mpaclion because 1I Is supported by Ihe lea bushes 

and Ihe Ioad Is spread a叮0盟 a large area. 

(vl) / The de叫開 Increases Ihe quality 01 leal by being supported by Ihe 10p 01喃e tea 

1 5 bush Ihereby aulomalically 阻ising the harvesting as the tea bush and leaf cariopy 

grows 

(v 1 i~ The device 由al Increases Ihe y海Id 01 Ihe lea bushes by being able 10 plu曲 long

stem length of lea material. 

(viii) The device can harvest lea with。υt the necessity of prunlng 10 maintain a 

20 reasonable heighl Irom Ihe ground. 

(ix) The devi回 can harvest tea 00 steep inclines simply because it is 001 ground 

suppo巾d. 10 5uch situations (see Figure 21), the tea bushes are normally 

pruned flal on I叩目 Ihal the machine can be supported Ihereon 

Present mechanical means 01 harvesting tea 個n only be carried oul on flal or 

25 undulating ground. 11 tracked or wheeled harvesting machlnes are operated on steep 

inclines they can slip due 10 the usually wet conditions and slide ioto tea bushes causing 

damage 10 Ihe lea bush. On plan祖tions in steep ∞untry tea bushes are usually terral曲d.

making the use 01 hand held harvesters extremely difficult and dangerous as one operator 

Is on the down side 01 the te閻明 and on9 0間阻tor 00 the top side 01 the terrace. Another 

30 difflωIty In steep terrain is soil erosioo. To rectify this problem drains are dug 



岫啦。ntally around the hills joining into vertical down drains 扭曲rry away any water 

With hand he細 wheeled or tra曲:ed machines. negotiating these d用Ins Is diffi即It.

DATED THIS 26TH DAY OF JUL Y, 1991 

WILLlAMES HI-TECH INT宜RNATIONAL PTY. LTD 

WATERMA同<PATENT & TRADEMARKAπORNEYS 

THEATRIUM 

290 BURWOOD ROAD 

HAVI何HORN VICTORIA 3122 
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