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Abstract: A forestry nursery in Tokoroa, New Zealand
grows approximately 3 million Radiata pine seedlings per
annum of which about 65% (2 million) are of suitable
quality for forestry plantations. The high rejection rate of
35% was attributed to poorly trained, seasonal workers
and unsophisticated equipment. It was estimated that
about 22% of seedling rejection (approximately 220,000
per year) was due to poorly dibbled holes that caused
bends in the stems. The bends occurred when planters
pinched the stems of the seedlings in an attempt to make
them vertical. A research and development project was
undertaken to develop a mechatronic dibbling machine
that could produce vertical holes of specified depth. The
machine also had to produce 120,000 holes per day and
be flexible with regard to spacing and size. The
completed mechatronic dibbling machine was tested at
the Tokoroa nursery and produced 98% of the holes at
the required angle and 100% of useable depth.
Harvesting, the following season, showed that the
unwanted stem bends had been eliminated with a
subsequent reduction in rejects. Furthermore, it was
found that worker productivity increased by
approximately 10% as they did not have to spend time
setting seedlings vertically.

Keywords: forestry, dibbling, mechatronic, cuttings,
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INTRODUCTION

A forestry nursery located in Tokoroa, New Zealand
supplies approximately 3 million Radiata Pine seedlings
per year to the forestry industry. Once harvested, the
seedlings are transported to forestry blocks for planting.
The vast majority of seedlings (over 90%) are Radiata
Pine as shown in fig.1, but larger seedlings such as Plug
Plus and Douglas fir are also grown. In peak season, up
to 120,000 Radiata Pine seedlingf_p_er day are planted.
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AHHOTaumA: B necHOM NUTOMHMWKE, PacrosioKEHHOM
B permoHe Tokopoa, Hosas 3enaHgna 3a roj
BblpalMBaeTcs OKOMo 3 MWIIIMOHOB caxeHueB Pinus
radiata, 13 KOTOpPbIX TONbKO OKONo 65% (2 mMunnuoHa)
npurogHbl Ansl NEecHblX nocafdok. Bbicokuii ypoBeHb
Opaka, B 35%, cBfI3aH C MnOXoM KBanuMduKauuen,
Ce30HHbIMM paboyMmMun 1 ycTapeBLIUM 0BOpyAOBaHUEM.
Bbino nogcuuTaHo, 4To nopsigka 22% caxeHueB (OKOMo
220000 B rop) Obinn 3abpakoBaHbl M3-32 MJIOXOrO
KayecTBa NyHOK, MPUBOAMBLUUX K UCKPUBIEHMIO cTEbnen
caxeHueB. VickpueneHusi npovcxogunu, korga pabouuve
3axumanu ctebnu pacTteHui Ons nNpuaaHus caxeHuam
BepTUKanbHOro  MnomnoxeHus.  Hactosiwui  Hay4vHo-
uccrnenoBaTenbCkuiA MPOEKT HamnpaeBreH Ha co3faHue
pob0TN3MPOBaHHOM MalUUHbBI, MO3BONAKLWEN AenaTb
BepTUKarnbHble NMYHKW 3aaHHOM rmyOuHbl. OTa mMaluuHa
nossonset npoussoautb 120000 nyHoK B AeHb U
3agaBatb Wx mMybuHy u  pasmep. CosgaHHas
poboTn3MpoBaHHasi NyHKoOBaTeNbHas MaluMHa Obina
npoTecTMpoBaHa B MUTOMHUKE Tokopoa M npousBena
98% nyHok nog 3agaHHbIM yrmom u 100% nyHOK
Heo6xoanmon rny6uHbl. COop caXXeHUEB B CreayroLLem
Cce30He Mnokasas, YTo HexenaTernbHble M3rubbl CTBOMOB
ObINMM  yCTpaHeHbl, YTO NpPMBENO K CHWXeHuo Opaka.
Kpome TOrO, 6bino YCTaHOBIEHO, 41O
Npon3BOANTENBHOCTb TpyAa yBenuuunacb NpuMepHoO Ha
10% Tak kak He MpuUXOAWNOCb TPaTUTb BpeMs Ha
BepTUKarbHY YCTAaHOBKY paccagbl.

KnioueBble cnoBa: necHoe XO35UCTBO,
pPOGOTN3MPOBAHHBIN, YEPEHKU, CaXKeHLIbl, TEXHMKa

NYHKMK,

BBEOEHUE

JlecHoe Xx03AICTBO, pacrofiOXXEHHOE B  PErvoHe
Tokopoa, HoBas 3enaHausi, 3a rog BblpawmBaeT Ans
FIECHON MHAYCTPUM OKOMO 3 MUINIMOHOB CaxeHueB Pinus
radiata. NMocne cbopa caxeHubl TPAHCMOPTUPYIOTCS Ha
rnecHble  yyacTkM ansa  nocagku. [logaensiollee
OonbLINMHCTBO ca)eHueB - Pinus radiata - kak nokasaHo
Ha puc. (fig.) 1, HO Takke BblpawmBalTca u OGonee
KpynHble caxkeHubl, Takne kak Plug Plus u Douglas fir. B
MUK ce3oHa B AieHb BbicaxumBatoT Ao 120000 caxeHueBs.

P ey — A i ok
Fig. 1 — Bed of Radiata pine seedlings after 1 year growth
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Each Radita Pine seedling requires a vertical hole, +/-
3 degrees from vertical, lateral spacing of 80mm (+/-
2mm), longitudinal spacing of 125mm (+/- 2mm) and hole
of 10mm (+/- 0.5mm) diameter of depth of 40mm (+/-
3mm). These requirements were given by the nursery
manager and are based on experience. As approximately
90% of holes are for Radiata Pine, this research
focussed on improving the quality of Radiata Pine holes.
Once the holes are produced, juvenile seedlings are
manually planted in the holes. The process of producing
holes for planting seedlings is called dibbling. To
compensate for rejects, the nursery had to plant
approximately 5 million seedlings to achieve a yield of 3
million. Poor quality holes, caused by antiquated dibbling
methods, was one of the major causes of inconsistent
quality. Formerly, dibbling for Radiata Pine was achieved
using a spiked wheel towed behind a tractor as shown in
fig.2. The spiked wheel method could not meet the
required hole specification under any conditions.

This spiked wheel dibbling process, though fast,
produced non-circular holes due to the rotation of the
spike in the soil. In the forestry nursery this is called
‘tearing’ and the plan shape of a spiked wheel produced
hole is represented in fig.3. Consequently, when juvenile
seedlings were planted in the non-circular holes they did
not stand vertically as required.

Fig. 2 — Radiata Pi

ey
ne dibbling machine
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Kaxpgpln caxeHel, TpebyeT NpsAMON M BepTUKarbHOW

NYHKM  onpegeneHHon rmybuHbl K pasmepa B
3aBMCMMOCTU OT ero Buga. Hanmpumep, Ans caxeHues
Pinus radiata TpebylTcs oTBepcTuUsi OMameTpom

npumepHo 10 Mm u rny6uHon 40 mm. lMocne Toro kak
NYHKN CAenaHbl, MoroAble CaXeHLbl MOMEeLLalT B HUX
Bpy4yHyto. pouecc npoussoAcTBa NyHOK ANs nocagku
CaxeHLUeB HasblBaeTCs NyHkoBaHWeM. [1na komneHcauum
noTepb, MOMy4YeHHbIX B pe3ynbTate Opaka, MUTOMHUKY
Heobxo0OMMO NOCaauTb OKOMO 5 MUNMMOHOB CaXeHUEB B
rog, 4tobbl Ha Bbixoge MOMy4YMTb pe3ynbTat B 3
MunnMoHa.  Hu3koe  kayeCcTBO  MYHOK  BbI3BaHO
yCTapeBLUMN MeTodaMu IYHKOBaHUS, SBASIOLLMMUCS
OAHOW W3 T[NaBHbIX MPUYUH HEMNOCTOAHHOIO YPOBHS
KayecTtBa. JlyHkoBaHMe ans Pinus radiata
OCYLLECTBNAMOCL MPU MOMOLUM LLUMMOBAHHOIO Koreca,
ByKCMpyemoro TpakTopoMm Kak nokasaHo Ha puc. (fig.) 2

TakoW npouecc NyHKOBaHUS ABMSieTCsl GbICTPbIM, HO
norly4yaemMble NyHKU UMEKT He Kpyrnyw ¢opMy us-3a
“paspbiBa’ MOYBbI, BbI3BAHHOIO BpALLAOLLIMMCS LUMMOM,
Kak 370 nokasaHo Ha puc. (fig.) 3. MNpu nocagke MonoabIxX
CaXeHUeB B Takue JyHKM OHM YCTaHaBNMBAlOTCA He
BepTUKarnbHO, Kak 310 TpebyeTcs

Direction of Rotation of Dibbling Pins

Tearing of the Hole

Fig. 3— Non-circular holes caused by the spiked wheel dibbling machine “tearing’

To compensate for this, planters manually set each
juvenile seedling visually. They then used their fingers to
gather the soil around the stem to fix it in position. It was

YTto6bl MCnpaBuTb JdaHHyl cuTyauuio, paboune
BPYYHYIO, Ha rnas, ycTaHaBMnMBalOT KaxAbll MOMOAOMW
caxeHey M Ona ukcaumm “saxmmarot’ nouBy BOKPYr
cTebns. bbino yctaHoBNeHo, 4TO “3axMmaHue” npuBoanT
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found that the manual setting caused bends in the stems,
accounting for approximately 22% (220,000 per annum)
of rejects. Furthermore, the Plus Plug and Douglas Fir
seedlings required manual dibbling as the holes were too
large to be produced by a spiked wheel. This was labour
intensive and therefore costly. To overcome these
problems, research was undertaken at the University of
Waikato into the feasibility of a mechatronic dibbling
machine.

Automated dibbling and seeding has been
investigated by a number of researchers. Commonly,
spiked wheels are used for dibbling holes, especially for
seed planting and are often combined with an integrated
seed dropping mechanism [3, 4]. Whereas this is
effective for seeds, it is not viable for planting juvenile
seedlings due to ‘tearing’ of the holes by the spike.

Investigations into plunger type dibblers and seeders
as alternatives to the commonly used Coulter drill have
been undertaken [1, 6]. However, the emphasis of that
research was on how to make a hole and drop a seed in
it rather than producing holes to meet a defined
specification for planting seedlings. Furthermore, these
dibblers lacked the flexibility and speed required for the
forestry nursery.

Lawrence et al [5], developed a dibbler using
microprocessor control that offered greater opportunity
for varying hole spacing too suit a range of crops. They
found that using the new design, 96% of the hole spacing
for potatoes and 98% for onions were within the required
+/-10% specification. This flexibility and controllability
highlights the advantages of using computer technology
compared to purely mechanical systems. However, their
system was not suitable for forestry nurseries as the
holes have to be deeper and straighter for forestry
seedlings and they had no method of achieving this.

Consequently, it was found that no dibbling machine
existed that met the requirements of the forestry nursery
and therefore a new machine had to be developed.

MATERIAL AND METHOD

Firstly, a detailed investigation of dibbling and
associated issues was undertaken in close collaboration
with the forestry nursery managers. One requirement
from the managers was that they wanted drilled holes,
not punched. This was because punched holes compress
the soil and inhibit root growth. Laboratory experiments
were undertake to determine the best drilling speed, drill
types and power for a range of soil conditions. Five
seedling trays, each comprising forty eight cells were
filled with nuresry soil. The soil was then compacted until
it resembled the soil consistency in the nursery for a
range of conditions from wet to dry. It was very difficult to
quantify these conditions so they were based on the
experience of the nursey manager. An electric drill was
used for the testing and was modified such that its speed
could be controlled over a range from approximately 100
to 3000 rev/min. This was achieved using voltage control
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K u3rmby crtebnen, 4yTo cocTtaBnseT npumepHo 22%
(220000 B roa) 6paka. Kpome Toro, caxeHubl Plus Plug un
Douglas fir TpeboBany py4yHOro nyHKOBaHMWs, Tak Kak ans
HUX HYXHbl CMMLLUKOM GonblUMe NyHKW, YTOO UX MOXHO
ObINo caenaTh LWMNOBAHHBIM KONMECOM. Takow mpouecc
ABnseTcs TPYOOEMKNM un, cnepoBaTenbHO,
poporoctoswum. [nst npeogoneHuss aTon npobnemsl B
yHuBepcutete Bankato (University of Waikato) 6bino

npoBedeHO  uccrnefoBaHWe O  LenecoobpasHocTu
NPUMEHeHNs1  poBOTM3MPOBAHHOW  MalUMHLI  Ans
NYHKOBaHUSI.

Wccneposaxus no aBTOMaTU3MPOBAHHOMY

NYHKOBAHMWIO M MOCafKe pacTeHW NMpPOBOOUNUCH PAOOM
uccriegosateneii. Kak npaeuno, ans npou3BoacTBa
NYHOK WUCMONb3YHTCH LUMMOBAHHbIE KONeca, Takke OHU
4YacTo MHTErPUPYKTCA C MexaHM3MaMu nodaym cemsiH [3,
4]. B TO Bpemda kak Takon noaxon addekTnBeH Ans
CEMSIH, OH HEMpPUMEHUM A1 MOMOAbIX CaXeHUeB BBUAY
“paspbIiBOB” OTBEPCTUN LUMMAMN.

MccnenoBaHns nyHkoBaTenen MAyHXepHOro tvna u
cesinok B KayecTBe anbTepHaTMBbI LLUMPOKO
npumeHsemomy ceepny Coulter npogeMOHCTPMpPOBaHO B
pabotax [1, 6]. Tem He MeHee, aKUEHT 3TUX
uccriefoBaHui  3aknioyancs B TOM, Kak MNpPOU3BECTU
oTBepcTMe 1 obecneunTb NageHne CEMeHN B HEro, a He B
TOM, Kak MpOuM3BOAUTbL OTBEPCTUS, YOOBMNETBOPSIIOLLME
onpegeneHHon cneuuduke nocagku caxeHues. Kpome
TOro, 3TMM MallMHam He XBaTano rmobKoCTM HacTpoek u
CKOPOCTW, HEOOXOAUMOW AN NECHOro MUTOMHUKA.

JloypaHc (Lawrence) wn gp. [5] paspaboTtanm
nyHKOBaTeNb C MMWKPOMPOLECCOPHLIM  yNpaBneHMEM,
npenocTaBnsoLWmum 60nbLIne BO3MOXHOCTHU no
W3MEHEHUIO MPOCTPAHCTBA MeXAy NyHKamu, 4To genaet
ero noaxoasALLum ans pasnu4HbIX
CEenbCKOXO3ANCTBEHHBLIX KynbTyp. OOHapyxeHo, 4TO C
NMOMOLLLbIO HOBOWM KOHCTpyKUuK, 96% OT paccTosHus
Mexay nyHkamu anst kaptodens n 98% - ansa nyka ouinm
B npegenax Tpebyemoro, +/- 10% oT cneuudukauum.
Ota MBKOCTb UM ynNpaBnNAeMoCTb  MogvYepkuBaeT
npeumyLliecTsa UCMNONb30BaHWs KOMMbIOTEPHBIX
TEXHOIOMMA MO CPaBHEHWIO C YUCTO MEXaHWYECKMU
cuctemamu. Tem He MeHee, ux paspaboTka He noaxoauT
ONs NMUTOMHWKOB NECHOI0 XO3SIMCTBA, TaK Kak NyHKN Ans
CaXXeHLUEeB AepeBbeB AOIMKHbI ObITb rMybxe u poBHee, a
MeToAbl [OOCTWXKEHUs 3Tux TpeboBaHuii B paboTte
OTCYTCTBYIOT.

Takum o6pa3om, OblNnO  YCTaHOBNEHO, YTO He
CYyLLECTBOBASIO fYHKOBATENbHbLIX MalUuMH, OTBEYaLLMX
TpeboBaHUSM MUTOMHUKA, YTO U MPUBENO K pa3paboTke
HOBOrO YCTpOMUCTBA.

MATEPWAIN U METO[

Bravane, B TECHOM COTpyAHW4YecTBe c
ynpaBsnsoLWMMN  IECHOTO X03A1NCTBa, BblNIo NpoBeaeHo
JeTanbHOe MWCCnefoBaHMe npouecca fyHKOBaHUSt U
CBSI3aHHbIX C HMM BOMPOCOB. YNpasnsiolme BblABUHYNN
crnepylowee TpeboBaHue - OTBEPCTUS OOMKHbI ObiTb
NPOCBEPIIEHHbIMU, @ HE MPOBUTLIMU. JTO CBA3AHO C TEM,
4YTO NpobuTME NYHKM NpeccyeT NoyBy U NogasnsieT pocT
KopHew. Bbinn npoBegeHbl 0OLWMPHbIE NabopaTopHble
3KCMEPVMEHTbI AN OnpederneHns Haumy4vLmx CKopocTy,
TMna u MowHocTn GypeHus. Kpome Toro, mawmHa ans
nyHKOBaHMA AorbkHa Oblna nocTtosHHO GykcupoBaTbCH
UMEeILWNMCA B NMUTOMHMKE TPaKTOPOM, a He B pexume
“cTapt-cton”. Kpome TOro, TONMbKO TPaKTOPUCT OOJDKEH
ObIn ynpaBnsaTb nyHKoBaTenem " nerko
nepeHacTpauBaTb AWanasoH pa3MepoB M paccTOSHUM
mMexay nyHKamu.

Hanbonee cnoxHbiM GblNo NPoU3BOANUTE NyHKOBaHWE
NPSAMbIX, BepTUKanbHbIX, LUMINHOPUYECKMX NYHOK B TO
BpeMs Kak MawuHa OykcupoBanacb 3a TpaKTOpOM,
egywieM C nepemMeHHOM CKOpoCTbi. [axe Ha Hu3kowm
nepegade M3MEHEHWe CKOPOCTW Tpaktopa MoxeT
NPUBECTU K YXyOLEHNIO Ka4yecTBa fyHOK, OOHaKO 3TOro
MOXHO un3bexaTb, MPUMEHsA CUCTEMY YNpaBreHus ¢
obpaTHOM CBA3bID MexAdy CKOPOCTblO TpakTopa W
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with a switching DC power supply. The drill speed was
measured with an optical tachometer. A scissor
mechanism was used to keep the drill vertical during
testing. It was found that for Radiata Pine, the optimal
drilling speed was approximately 1000 rev/min with a
10mm auger drill. At 1000 rev/min, the drilling left soil at
the edge of the hole that planters could use to set the
seedling. Furthermore, the centrifugal force on the dirt
ensured the drill did not clog with soil. The vertical drill
speed was approximately 0.25m/s. The drilling power
consumption was found from the product of the current
and voltage and at optimal speed, in dry soil conditions
was approximately 2W. The mechatronic dibbling
machine had to be towed by an existing nursery tractor in
a continuous process. Also, only the tractor driver was to
operate the dibbler and it had to be easily reconfigured to
accommodate a range of sizes and hole spacing.

In order to achieve the requirements, the machine had
to produce straight vertical cylindrical holes whilst the
machine was being towed behind a tractor driving at
variable speed. The speed of the nursery tractor when
driving with a creeper gearbox was between 0.2 to 0.4
m/s. Even in lowest gear, the speed variation of the
tractor would have led to poor quality holes unless there
was some sort of closed loop control that linked the
dibbling to tractor speed.

To achieve closed loop control, a programmable logic
controller (PLC) coupled with sensors and precision
pneumatics was used. A rotary encoder was mounted in
a roller at the front of the dibbler. Therefore, the rotational
speed of the roller was directly proportional to the
horizontal speed of the tractor. The PLC then calculated
the instantaneous speed requirement of a horizontal
pneumatic cylinder such that it would match the tractor
speed. A control signal was then sent to a Norgren
pneumatic speed control valve. A horizontal, speed
controlled pneumatic cylinder then moved forward at the
speed of the tractor.

As the cylinder moved horizontally, a second
pneumatic cylinder, with 16 rotating drill bits, descended
to drill the holes. The matching of the horizontal cylinder
speed with tractor speed ensured there was zero relative
velocity between the vertical drilling cylinder and the
planting bed. Once the holes were drilled, the vertical
cylinder lifted the drills from the bed and the horizontal
cylinder rapidly returned the starting position ready for
another cycle. The entire cycle took approximately 1
second.

It was found that to achieve the 120,000 holes per day
and given the limitations of the pneumatics, that 16 drill
bits were required. An arrangement drawing of the
mechatronic dibbler is shown in (fig.4).

[SB-IN/ H. 2015

NyHKOBaTeseMm.
CnepoBarternbHo, 6blno NPUHATO pelleHne
1cnonb3oBaTh nporpaMMupyeMbii NOrNYeCcKni

koHTponnep (MJIK) B coBokynHOCTM C ceHcopamu U
BbICOKOTOYHOW MHeBMaTMKoW. [atuyvMk yrnma mnoBopoTa
Obin  ycTaHOBNEeH B POMVMKE B nNepegHen 4actu
nyHkopenaTtens. CKOpOCTb BpalleHUst ponvka npsiMo
nponopumnoHanbHa ropn3oHTanbHONW CKOPOCTU TpakTopa.
MJIK paccunTtbiBaeT TpeboBaHne K MTHOBEHHOW CKOPOCTM
rOPU30OHTarnbLHOTO MHEBMAaTUYECKOro LMNUHAPA Takum

obpasom, u4TOobbl OHa COOTBETCTOBANa CKOPOCTU
TpakTopa. YnpaensilowWwuMin curHan HanpaensieTcs K
Norgren Knanany perynupoBaHunsi CKOPOCTW.
[opu3oHTanbHbLIN nHeBMaTU4YeCKUN UnnmMHap c

yNpaBnsieMol CKOPOCTbIO MepemellaeTcs Brnepen B
COOTBECTBUMN CO CKOPOCTbIO TpakTopa.

Mpn  ABWXEHWM LUMNMHOA B TOPU3OHTaNbHOM
HanpaBneHWM, BTOPOW MHEBMATUYECKUA LMnMHOp ¢ 16
Bpallarowmmmucss Gypammu CBEpnuT IyHKW. YCTaHOBKa
CKOPOCTW TOPM3OHTANbHOIO UUNUHAPA B COOTBETCTBUM
CO CKOPOCTbIO [ABMXEHUst TpakTopa obecnednBaet
HYIEBYIO OTHOCUTENBHYHO CKOPOCTb MEXAY BepTUKanbHO-
CBEPNUNbHBLIM  LMAMHOPOM W  pacCcafoyHOi  rpsiooi.
Mocne Toro, Kak nNyHkM ObINM  NPOCBEPIEHSI,
BepTUKamnbHbIA LNVHAP NOAHUMAET CBEPSIO U3 rpsabl, a
rOpuU3oHTanbHbIA UMNMHAP ObICTPO BO3BpaLlaeT ero B
WCXOOHYK MO3UUMI0 Afs Hayana o4vepefHoro Lukna.
O6paTHbI LMK HaMHOro ObICTpee MO CpaBHEHUIO C
LUVKIIOM CBEpIieHNsi B COOTBETCTBUM C TpeboBaHWUsiMK
NUTOMHMKA MO UHTEPBanam.

Bbino ycraHoBneHo, 4to Heobxoammo 16 6ypoBbix
ponot ans goctmkeHusa 120000 nyHOK B A€Hb, C y4ETOM
orpaHuyeHunn Ha NHEBMATUKY. YCcTponcTBo
po6OTM3NMPOBAHHOIO JIYHKOBATENs MOKa3aHO Ha pwuc.

(fig.) 4
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Basic PLC for machine control
/all:}ws easy customisation of hole parameters

step-back
cylinder with speed contral
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encoder determines distance
travelled and mochine speed

Fig. 4 — Arrangement of mechatronic dibbling machine concept

Even though this was a research exercise, the nursery
wanted to permanently replace the spiked wheel dibbler
with the mechatronic dibbler prototype. Therefore, extra
design criteria were added to the original mechatronic
dibbler requirements as listed below:

e Must be able to operate in all weather conditions —
as dibbling is done in winter, weather conditions
include hard frosty ground, severe wind and rain with
associated mud.

e Easy repair and maintenance.

e Easy and fast transportation from the storage
building to the planting beds (up to 1.5km).

e Easy movement from one bed row to the next.

e Minimal disturbance to the bed surface, to protect
the pesticide layer.

To accommodate these extra requirements the
machine used components such as electronics and
bearings rated to Ingress Protection (IP 67). This allowed
the machine to operate in severe weather conditions and
be easily cleaned by waterjet at the end of each day.

For easy maintenance and repair, only high quality,
respected brand components were used. Therefore, If a
component failed it could be easily sourced and replaced.
Non-bought in components were manufactured directly
using laser cutting which is fast and readily available in
New Zealand.

Rear wheels were added that kept the machine stable
when in use but also robust enough for transportation.
The machine had hoist attachments so it could be easily
connected to a hydraulic tractor hoist for lifting the front
for movement from storage to bed and bed to bed.

A front roller provided support and was also used for
sensing forward speed without disturbing the pesticide
layer.

Once the concept was agreed by the nursery
managers, detail design was undertaken using 3D

HecmoTps Ha To, 4TO 3TO ObINO HAay4YHOEe UCCrneaoBaHuE,

NMATOMHUK XOTEN MOMHOCTbIO 3aMEeHWUTb JTyHKOBaHWe

LLMMNOBAHHbIMK Konecamm po60TM3NPOBAHHBLIM

KOHLENTOM B  COOTBETCTBMM C  TpeboBaHUSAMW,

yKa3aHHbIMWU HUXE:

° Pabota B ntobbiXx MOrogHbIX YCNOBUAX - T.K. JTYHKM
JenawTcsl 3MMON, MOrodHble YCrOoBWUsSI BKKYAOT
TBEpAblN, Mep3nbli IPYHT, CUMbHbLIN BETEP N OOXOb
C rpsi3blo.

° JlerkocTb B peMOHTE 1 06CnyXMBaHUN.

° Jlerkasi u ObicTpasi TpaHCMOPTUPOBKA OT 34aHUs
cknaga 4o nocadoudHbix rpsag (oo 1,5 km).

° Jlerkoe nepenBwkeHWe C OOHOro psga rpsgbl, Ha
apyromn.

° MuWHMManbLHOEe NOBpeXAeHNEe NOBEPXHOCTHOMO Crost
rpsigbl ANS 3alWMThl Cros NeCTULMAOB.

Ons TOro, YTOObI BbIMOJTHUTb AOonofIHUTENbHbIE
Tpe6OBaHVI9| K MallnHe, Obinn NCNosnb30BaHbI
QNEKTPOHHbIE KOMMOHEHTbI n noaLNNHUKA

paccuuTaHHble Ha cTeneHb 3awutbl (IP 67). 3710
nossonseT MalwuHe paboTaTb B TAXENbIX MOroAHbIX
ycnoBusix n obecneumBaTtb €€ Nerkyl OYMCTKY BOOHOW
CTPyen B KOHLE KaX4oro AHs.

Ona  npocTtoTbl  obcnyxuBaHMA M peMOHTa
MCMNOMb30BaHbI TOMbKO BbICOKOKa4eCTBEHHbIEe
KOMMOHEHTbl.  Takum  obpa3oM, ecnum  KOMMOHEHT
riomaeTcsi, OH MoxeT ObITb nerko 3ameHeH. HekoTtopble
KOMMOHEHTbI ObINM  M3roTOBMEHblI HENOCPEACTBEHHO C
MCMONb30BaHWEM a3epHOW pesku, KoTopas nerko
noctynHa B HoBor 3enangun.

Ona  coxpaHeHuss  cTabunbHOCTU
obecneyeHnss  TpaHCMOPTUPOBKM Obinu  goGaBneHsbl
3agHMe  komeca.  MawwuHa ~ umeeT  noabeMHoe
npucrnocobneHne n No3TOMy MOXeT NIerko NogKNioYaTLCs
K rMopaBnMYeckuM  nogbeMHWKaM  Tpaktopa  Ans
NOAHATUA nepedHer 4acTu Mpu TPaHCMOPTUPOBKM CO
cknaga K rpsige v oT rpsigbl K rpsge.

MepegHun ponuk obecneumBaeT NogaepXkKy, a TaKke
MCnosnb3yeTcs Ans OnpederneHnss CKOpOCTU [ABUXKEHWs
Briepen, He nospexaasi Npu 3ToM Cron NecTuuMaos.

Kak Tonbko koHuenuus Obima cornacoBaHa C
yNpasnsoLWMMN MUTOMHUKA, AeTann KOHCTPYKUuW Bbinu

MaLUUHbI n
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computer aided design (CAD). This was combined with
computer aided engineering (CAE) tools to undertake
stress calculations using finite element analysis (FEA) to
ensure machine robustness. CAE dynamic tools were
also used to ensure the machine could achieve the
required speed.

The final design was manufactured using Computer
Aided Manufacture (CAM), assembled and
commissioned by the University of Waikato's
AgriEngineering Research Group.

RESULTS

The completed mechatronic dibbler was tested on site
at the Tokoroa nursery and achieved the 120,000
required holes per day. The finished dibbler in operation
is shown in fig. 5.

For the mechatronic dibbling machine, a sample of
100 holes was used to determine the consistency of the
depth and angle. As the vast majority of holes were for
Radiata Pine, they were used in the sampling. A simple
measuring system was built that comprised a rod of
10mm diameter, a protractor for measuring hole angle
and a rule for measuring hole depth, see fig. 6. The
scales of the measuring system could be read to +/- Imm
and +/- 0.5 degrees. 100 holes were randomly chosen
from a mechatronically dibbled bed. The rod was inserted
in the holes and depth and angle ready by eye. The
results from the testing are shown in (fig. 7).

ISB-INI} CH: 2015
cMofenupoBaHel € ucnonb3oBaHnem 3D cuctembl
aBTOMaTU3NPOBaAHHOIO NMPOEKTUPOBaHNA (CAD).
MpoBegeHne NPOYHOCTHLIX pacyeToB C UCMONb30BaHNEM
mMeToda KOHeuHblx anemeHToB (FEA) ons obecneveHus
YCTOMYMBOCTU MaLLUHbI COYETanocb C UCMOMb30BaHNEM
cucrtem WHXeHepHoro aHanusa (CAE). CAE
AvHamunyeckme WNHCTPYMEHTbI 6binn Takxe
Mcnonb3oBaHbl 4nA obecneyeHnss Tpebyemor cKopocTy.

Utorosas KOHCTPYKUMS 6bina npounssegeHa,
UCMNOMb3ysi  KOMMbIOTEPHYKD  CUCTEMY  W3rOTOBMEHUS
(CAM), cobpaHHyo " NpeaoCTaBeHHYH
nccrnenosaTenbCkon rpynnow AgriEngineering
yHuBepcuteTa Bavikato.

PE3YIbTATbI

[oTOBbIi  pPOGOTU3NPOBAHHBIA  NyHKOBaTenb  Obin
NpoTeCcTMPOBaH Ha Yy4yacTKke MUTOMHUKA B pPerMoHe
Tokopoa n pgoctur Tpebyemoro nokasatenss B 120000
nyHoKk B AeHb. PaboTa rotoBoro nyHkoBaTens nokasaHa
Ha puc. (fig.) 5.

SR

Fig. 5 — Completed mechatronic dibbling machine during testing

Ons onpepeneHust cTabunbHOCTU MyGUHBI U yrna

NYHOK, Npou3BOANMBIX po60TN3MpoBaHHOM
NyHKOBaTENbHOM MalmnHOW Obinn BblOpaHbl 100 nyHOK.
Mockonbky  nogaenawowiee  BOMbLWIMHCTBO  NYHOK

ucnonb3yetcs Ans nocagku Pinus radiata, oHn 1 Gbinu
ucnonb3oBaHel B KadecTtBe obpasua. Beina cosgaHa
npoctas wusMepuTenbHas cucTema, cocTodwasi u3
ctepxHa Auametpom 10 MM, TpaHcnopTtupa, Ang
M3MEpPEHUST yrma IyHKU W JNIUHENKU [N U3MEpPEeHUs
rny6uHbl NyHkK, cm. puc. (fig.) 6. LLkanbl nameputensHon
CUCTEMbI MOIMU ObITb MPOYMTaHbI C TOYHOCTbIO [0 +/-
1mMm 1 +/- 0.5 rpagycos. 100 nyHOK 6biny NPOM3BONBLHO
BblOpaHbl C rpsagbl, nocne eé€ poboTU3MpOBaHHOM
obpaboTkn. CTepxeHb Takke BCTaBMAANCS B IYHKW,
cAenaHHble Ha rnas, Ans onpeaenenus rnybuHbl u yrna
HaknoHa. PesynbTaTbl WCMbITaHWA nNpeacTaBneHbl Ha

puc. (fig. 7).
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Fig. 6 — Measuring device for hole depth and angle

The basic requirement was that holes for Pine Radiata
were 40mm +/- 3mm deep and +/- 3 degree angle from
the vertical. Due to the lack of resolution of the
measurement method, many of the 100 measurements
had the same value.

It can be seen that the even with the uneven planting
bed, the dibbler achieved 76% of holes within the +/-
3mm tolerance. Only 2% of holes are outside the
required +/- 3 degree angle. The average hole depth was
39.7 mm and angle 1.3 degrees with standard deviations
of 3.3mm and 1.1 degrees respectively. With regard to
the angle, this is at least an order of magnitude better
than the spiked wheel dibbled holes. It was found that all
the spiked wheel dibbled holes were outside the
requirements. The nursery managers were confident that
even the 24 holes outside the depth tolerance would
produce saleable seedlings, suggesting that the +/-3mm
tolerance should be increased to +/-5mm.

It was observed that the uneven surface of the
planting bed caused varying hole depth and angle. This
was because the machine’s depth sensor is located in
one place on the bed whereas there are 16 holes, each
in different places. Furthermore, it was also observed that
the level of the bed was not even.

Even though the hole data provides useful information
on quality, the best indicator is the position of the juvenile
seedlings when placed into a mechatronically dibbled
hole and spiked wheel hole respectively. Fig. 8 shows 5
juvenile seedlings in holes made by the spiked wheel
dibbler. It can be seen that the ‘torn’ hole causes non
vertical seedlings. These then have to be manually set to
the vertical position. It can also be seen that the surface
of the planting bed is very ‘disturbed’ due to the tearing
effect of the spikes.
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Fig. 7 — Hole depth v hole angle for mechatronically
dibbled Radiata pine seedlings

OCHOBHbIMM TpeboBaHMAMM K NyHkam fAnst Pinus
radiata 6binn 40mMm +/- 3 mm rnybuHa u+/- 3 rpagyca yron
OT BepTukanu. MWs-sa HepgocTaTka paspeluaroLen
cnocobHocTn MeToga u3mepeHusi, MHorme wu3 100
M3MepPEHUIN NMENN OMHAKOBOE 3HaYeHue.

BugHo, 4TO paxe npu HepaBHOMEPHOM nocese
nyHkoBaTtenb Agernaet 76% nyHOK C Jonyckom +/-3 M.
Tonbko 2% nyHOK BbIXOAAT 3a Tpebyembli yron B +\- 3
rpagyca. CpegHsas rmybuHa otBepctusa 39,7 mMm, a yron
1,3 rpagyca co cTaHgapTHbIMU OTKIOHEHUAMU 3,3 MM U
1,1 rpagycoB cooTBeTCTBEHHO. YTO KacaeTcs yrna, 3To,
no KpanHen Mepe Ha NopsaokK nydlle, Yem Npou3BOACTBO
NYHOK LUMMNOBaHHbIMKU Korecamu. bBbino ycraHoBneHo,
4YTO HeT CMbICMa W3MepsATb  NYHKW, CAenaHHble
LUMMOBAHHBIMW KONecamu, Tak Kak BCe OHW BbIXOOWMM 3a
npefenbl yCTaHOBMEHHbIX TpeboBaHWi. Ynpasnsowme
NATOMHMKA ObINK  yBEpeHbl, 4YTO fJaxe 24 nyHKM,
BbIXxOAdAWMe 3a gonycku OyaoyT nogxoauTb  Ans
BblpalMBaHUSA CaXeHueB, npeanonaras, 4YTo AOMyCKu
Jaxe MOXHO yBenuuuTb ¢ +/- 3 MM Ao +/-5 mm.

Bbino  oTMeyeHo, 4TO HepoBHas  MOBEPXHOCTb
NnocagovHOW rpagbl NpUBoOAMMAa K pasnuyHon rnybuHe un
yrny nyHok. OTO NPOUCXOAUMO MOTOMY, YTO AaTyvK
rnybuHbl annapata HaxoguTCsA B OOHOM MecTe Ha rpsige
B TO BpeMs Kak kaxgoe u3 16 OoTBepCTM B pasHbiX
mectax. Kpome TOro, ObiNmo Takke OTMEYEHO, 4TO
YpPOBEHb rpsiabl Obin HEPOBHLIM.

HecMoTps Ha TO YTO camu NMYHKM SBMSAOTCA NONE3HbIM
WCTOYHMKOM MH(OPMaLMM O Ka4ecTBe caxeHua, Nyylmnm
WHOMKaTOPOM SBMSIETCA MO3ULMSA MOSOAOro CcaxeHua,
NMOMELLEHHOTO B JNYHKY, COENaHHyl0 npv  MOMOLLM
po6OTM3MPOBAHHOW MaLUMHBI U LUMNOBAHHOIO Koreca
cooTBeTcTBEHHO. Ha puc. (fig.) 8 nokasaHbl 5 monoabIx
CaxeHueB, MocaxeHblX B  JIYyHKM  cAenaHHble
LUMNOBaHHbIM KonecoM. MoxHO BuAeTb, 4TO “paspbiB”
TNYHKW NPUBOAUT K HEBEPTMKaNbHOW MOCagKke CaXKeHLEeB.
3aTeM OHWM [OMKHbI ObITb YCTAHOBMEHbI BeEPTUKANbHO.
Takke MOXHO BWAETb, YTO MOBEPXHOCTb MNOCALOYHOWM
rpsiAbl CUMNBbHO paspyluaeTcs B CBSA3M C paspbiBamu OT
LLUMMNOB.
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Fig. 8 — Juvenile seedlings in spiked wheel dibbled holes

Fig. 9 shows 5 juvenile seedlings placed in holes
made by the mechatronic dibbler. It can be seen that all
the seedlings are vertical and of even height. The nursery
managers decided that all holes produced by the
mechatronic dibbler, including those outside their original
specification, were suitable for planting.

It can also be observed that the bed surface is far less
disturbed than the spiked wheel bed surface. This
highlights the superior quality of the mechatronic dibbling
process. An unexpeted advantage of the mechatronic
dibbler was that planter productivity increased by
approximately 10% because they did not have to spend
time setting the seedlings vertical.

The mechatronic dibbler has now been operating for
three seasons and has produced several million holes.
The bent stem problem has been eliminated and planter
productivity increased.

CONCLUSIONS

A Tokoroa forestry nursery in New Zealand was
suffering approximately 220,000 per annum seedling
rejects due to poorly dibbled holes. A research and
development project was under taken by the University
of Waikato to develop a mechatronic dibbling machine
that could produce good quality holes at the required
rate and also be flexible with regard to spacing and hole
sizes. Furthermore, the nursery wanted the dibbling
machine to be towed by a tractor operating at close to a
constant speed, to ensure a continuous system.

To achieve the requirements, a computer controlled
mechatronic dibbler was developed. The dibbler used
an encoder on a roller to provide feedback of the tractor
speed to a PLC. This then provided a closed loop signal
to a horizontal pneumatic cylinder that matched the
forward speed of the tractor. The holes were then drilled
by a second vertical pneumatic cylinder with 16 drill bits.
The relative horizontal velocity between the bed and
drill bits was zero. After drilling, the cylinders rapidly
returned to the start position to begin the process again.

The completed dibbling machine was tested at the
Tokoroa nursery and performed as expected, producing
98% of holes at the required angle and 76% at the
required depth. All the holes were considered good

Fig. 9 — Juvenile seedlings in mechatronically dibbled holes

Ha puc. (fig.) 9 nokasaHbl 5 mMonogpix CaXeHUeB B
NyHKaxX, cAenaHHbIX pobOTU3NMPOBAHHON  MaLUUHOMN.
MoXHO BMAETb, YTO OHM MOCaXEHbl BEPTUKANbHO U
oOvHakoBble MO BbICOTE. YNpaBnsolMe MNUTOMHUKA
NpUWAM K 3aKkfo4eHuio, YTO  NyHKW, CAenaHHble
po60TU3MpoBaHHON MalUMHOW, Aaxe BbIXogdAwMe 3a
TpeboBaHusi cneumdmrKaumin, NOAXoanT AN NocagKu.

Takke MOXHO BMOETb, YTO MOBEPXHOCTHLIA CroMn
rpsgbl paspyliaeTcs ropasfgo MeHbLUe MO CPaBHEHMIO C
BO3€EVCTBMEM LUMMOBAHHOIO Koneca. OTo nogyepkMBaeT
NpeBoCXoACcTBO pPOOOTN3MPOBAHHOIO NpoLecca co3naHus
NYHOK. HeoxugaHHbIM npevMyLLecTBOM
po60TU3MPOBaAHHOIO CO34aHUst MYHOK ObINO NOBbILIEHWE
npoaykTMBHOCTU paboTel cesTenern Ha 10% BBuAy TOro,
YTO OHW He TpaTUNM BpeMsi Ha BepTUKarbHYH0 YCTaHOBKY
CaXXeHLEB.

Po60Tn3npoBaHHbIN NyHKOBaTENb MCMOMb3YeTCHa YxXe
TPU Ce30Ha U NPOU3BEN HECKONbKO MUJITIMOHOB FYHOK.
Mpobnema wu3rmba cTebna Obina ycTpaHeHa, 4TO
NPUBENO K yBENNYEHMIO NPOAYKTUBHOCTN NOCAAO0K.

3AKIIOYEHUE

JlecHo nUTOMHMK B pernoHe Tokopoa B HoBon
3enHagun Tepsan npubnusmtensHo 220000 caxeHueB
€XEerogHo B CBSI3W C HWU3KMM KayecTBOM JyHOK. B
yHuBepcuteTe Baiikato Obin  npeanoxeH Hay4vHo-
uccrieoBaTenbCkui NnpoekT no co3aaHuio
po60oTn3npoBaHHOM nyHKOBaTeNbHOMN MaLLUWUHBbI,
crnocobHOM  npou3BOAWUTb  JYHKM C  Heobxoaumon
CKOpOCTbIO, a Takke TIMOKO HacTpauBaTbCA Ha
pacctosiHue n pa3mep nyHok. Kpome Toro, B MUTOMHUMKE
xoTenu, 4ytob nyHkoBaTenbHas-MalliuHa GykcupoBanach
TpakTopoM U npu paboTe Ha cKopocTW, Onu3KoWh K
nocTosiHHOM obecneynBana HenpepbIBHYO paboTy.

Ons  poctukeHns TpeboBaHui, Obin  paspaboTaH
yrnpaBnsieMblii KOMMNbIOTEPOM po60TU3MPOBaHHBIN
nyHkoBatenb. JlyHkoBaTenb uMcnonb3yeT AaTuuk Ha
ponuke, obecneunBalowmii  obpaTHyld CBA3b  CO
CKOpoCTblo TpakTopa 4vepe3 PLC. 31o obGecneumBaer
obpaTHyl0 CBA3b CuWrHana C  TOpPU3OHTamnbHbIM
nHeBaMaTU4YeCKnM LUNNHOPOM, CBS13aHHY0 co
CKOpPOCTbIO [ABWXEHWUst TpakTopa Bnepen. JIyHku Obinu

npoceepeneHbl BTOpPbIM, BepTUKanbHbIM
nHeBMaTU4eCKUM LmnnmHaopom C 16 ceBepnamu.
OTHocuTenbHasa rOpuU3oHTanbHaa CKOpPOCTb  Mexay

rpsagon u ceeprnamu paBHa Hynm. [locne cBepnenus
NYHOK, UMnUHAPBLI GbICTPO BO3BpALLAOTCH B HavanbHy
MO3WLMIO 1 FOTOBbI K MOBTOPEHUIO MpoLiecca.

CobpaHHasi nyHKoBaTenbHas MalumHa 6bina
npoTecTMpoBaHa B MUTOMHWKE Tokopoa W, Kak W
oxuganocb, npoussena 98% nyHok nop Tpebyembim
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quality by the nursery manager suggesting that the
current depth tolerances should be increased to +/-
5mm, especially when considering the uneven surface
of the planting bed. The machine is now fully
commissioned and dibbling holes on a daily basis at the
nursery.
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