YxkpaiHcbKHil Jep:kaBHHI JIiCOTeXHIYHUI YHIBepCHTET

JIOBAHMX J103aX HETOKCHYHI1 JJI TETUIOKPOBHUX 1 O€3MeYHi /715l PAIIOI0YHX 13 HUMU
JaroAei. beH30iHy KUCIO0TYy Kpallle 3aCTOCOBYBATH Ul 30€piraHHsl KOHCEPBOBAHOIO
mucts 10 10 110, a MakcumanbHUi cTpok — 20 Ai6. 3ro0BYyBaHHS I'yCeH1 TyOOBOIO
HIOBKOIIPSiAA JIUCTA 00p0o0JIeHOro OEH30MHOI0 KHUCIOTOK HE BIUIMBAE€ HETAaTUBHO HA
ii )KUTTE3JATHICTB 1 CIIpHUsi€ 30UIBLIEHHIO Macy IIOBKOBOI1 000JIOHKH KOKOHIB 110 40 %.

Mikpo06i0J0T1YHII KOHCEPBAHT — KOPMOBI JAPDK/IKI — CIIPUSE 30EPEKEHHIO
MOKMBHUX PEYOBHUH JIMCTS, MEPEAyciM OUIKIB, MPOTATOM TPUBAJIOr0 4Yacy 30epi-
raHHs 1 J0JaTKOBO 30aradye KopM KapoTuHoinamu. O0pobiieHe IHUCTs He BTpadae
CBOET KOPMOBOI I[IHHOCTI JIJIsl IIOBKOIIPS/a NPOTATOM POKY. 3roJ0OBYBAaHHS I'yCEH1
JUCTS, 00pOOIECHOTO CYCIIEH31€0 APIKIIKIB, CIPUsie 30UTBIICHHIO MAaCH KOKOHIB Ha
5-15 %, 1m1oBKOBOi 000J0HKK — Ha 15-35 %, miBUILlY€E )KUTTE3AATHICTD TYCEHI MIPU
YKUBJIEHHI 1i KOHCEPBOBAHUM KOPMOM Y MOJIOJIIINX BiKax.

TpuBane 30epiraHHsi KOHCEPBOBAHOTO JIHCTS 3A1MCHIOIOTH B TEPMETUIHHUX
€MHOCTSIX, 10 BUKIIFOYA€ Ta3000MiH 3 HaBKOJIMIIHIM cepeaoBuiieM. Koporkouac-
He 30epiranHs JUCTOBOI MacHu 3 BUKOPUCTAaHHSIM KOHCEPBAHTIB MOXKJIUBE B 3€MJISI-
HUX TPaHLIESAX 3 MOJIETHJIEHOBOIO IIIBKOKO a00 B MPOXOJOJHUX NPHUMIIIECHHSIX Y
MOJTIETUIICHOBUX MIIIIKaX.

[Ipu BuKOpHCTaHHI CBIXKOTO a00 KOHCEPBOBAHOTO JIUCTS BCTAHOBJIICHA
MOKJIUBICTh OJIEPKAHHS I[IHHOI IITOBKOBOI CHPOBHHH 3 MIHIMaJIbHUMU BUTpaTaMH.
[Tpoayxkitist MOBKIBHUIITBA MOKE 3aCTOCOBYBATUCSA Y MEIUIIMHI Ta BeTepUHAPIl sIK
IIOBHHM MaTepiai Ta Juisi BUPOOHUIITBA JIKYBaJIbHO-NPOMUIAKTUYHUX MPENaparis,
KOCMETOJIOT'1] Ta 1HIIUX Tay35X.

[e#t HAnpsIMOK BIJKPUBAa€ HOBI 3HAYHI MEPCIEKTUBU y Taly3l MOOIYHOTO

JTICOKOPUCTYBAHHS.
|
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ACAR-T 750 MONORAIL SYSTEM IN TURKISH FORESTRY

In the mountainously regions where take part productive forests, forestry operations
are very difficult. Therefore, the mechanization of forest operations are necessary. The mo-
norail an alternative and effectively vehicle for carrying and transporting of personnel and
goods. The monorail system both supply time and muscle energy saving and give an op-
portunity to carry thin diameter roundwood and fuel wood. In this paper, it was mentioned
from Acar-T 750 prototype monorail manufactured in Turkey and its experimental results
was examined. It provide the saving of time and human force consumption, increasing of
work productivity, decreasing of new forest road building, decreasing of quantity and qua-
lity losses. As well, it is an ergonomic and modern transportation tool.

Keywords: Wood transportation, Monorail, Acar-T 750, Turkish forestry.

Ipogh. I'ynyci AKAP — Kapaoenizokuii mexuniunuit yn-m, Typeuuuna
MonopeiikoBa cucrema ACAR-T 750 B sicoBomy rocnogapcrsi Typeyunnu

V ripcekux perioHax, e pocTyTh HaOUIbII MPOAYKTUBHI JiCH, IPOBEACHHS JIicO3a-
TOTIBEIBHUX POOIT € yTpyaHeHuM. J[ns 1mpboro moTpiOHI BIAMOBIAHI TEXHIYHI 3aco0WH.
MoHopeiikoBa cucTeMa € allbTepHATHBHUM TPAHCIIOPTHUM 3aC000M ISl IEPEBE3CHHS JTIO-
JIei Ta BaHTaXIB B TAKMX YMOBax. PO3IIIsiHyTa MOXIIMBICTh BUKOPHCTAHHS Ha JIICOTPAHC-
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HNOPTHUX po0OTax B TipchbKUX yMoBax MoHopeikoBoi cuctemu ACAR-T 750, mo Bumyc-
KaeTbesi B Typeuunni. Lle mae 3Mory 3eKOHOMHTH 4ac, 30€perTd MYCKYJIbHY €HEPTio JIt0-
JTVHH, 30UTBIIUTH MPOTYKTHBHICTh Mpalli, 3SMEHIIUTH BUTPATH HA JOPOKHE OYIIBHHUIITBO
Ta MOKPAIIUTH SKICTh JICOTPAHCIOPTHUX poOiT. MOHOpEHKoBa cucTeMa — 1€ TaKOX Cy-
YaCHUH 1 eproHOMIYHHMI TPAHCIIOPTHHI 3aci0.

Karouosi ciioBa: nicorpancnopt, MmoHnopeiikosa cuctema, ACAR-T 750, nmicoe roc-
nogapcTBo TypeudynHu.

Introduction

In the worldwide, the forestland withdraw to mountainous areas due to
anthropological reasons. In the mountainously regions where take part productive
forests, forestry operations are very difficult. Therefore, the mechanization of fo-
rest operation techniques showed oneself. The aim of mechanization is productive
and environmentally soundly forestry operations.

In Turkey, annual wood production amount including industrial and fuel
wood, is approximately 20 million cubic meter. Through the wood production pro-
cess, the harvesting activities are carried out on negative circumstances because of
topographical and wood characters such as specific gravity of wood.

The main problem of forest operations in Turkish forestry are; the forest ro-
ad construction is costly and difficulty in mountainously forests and assuring of the
machine and equipment is to be used in logging operations is costly. The other is-
sues are the quantity and quality losses of extracted timber, damages on forest soil
and standing trees or vegetation and work accidents. Because of many general issu-
es, the work productivity decreases, the work flow is frequently cut and work orga-
nization spoils.

The operators and workers have to go and return to workplace at least one a
day during working time in harvesting at step terrain. They have to transport the
seed and sapling from road to planting areas. The personnel have to reach to fire
observation tower. The travellers desire to see deep forest. For that reason, arrival
and transportation are an important subject in the forestlands. The monorail an al-
ternative and effectively vehicle for carrying and transporting of personnel and go-
ods. The monorail system both supply time and muscle energy saving and give an
opportunity to carry thin diameter roundwood and fuel wood.

The monorail system is a modern forest transportation vehicle. It provide
that saving of time and human force consumption, increasing of work productivity,
decreasing of new forest road building, decreasing of quantity and quality losses.
As well, it is an ergonomic tool.

The Monorail Technique

In Turkish forestry, wood transportation is generally carried out by means
of human and animal force. Although forestry mechanization ratio is very high in
developed country where topographical condition is similar to Turkey; in Turkish
forestry, mechanized wood transportation level is low. For example, while mecha-
nized wood harvesting ratio is 86 percent in Austria forestry, it is 6-7 percent in
Turkish forestry (Acar, 2000). However, forest tractors and forest skylines have
been used since 1980's in our country (Acar, 1992).
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Extraction of harvested thin wood material is not economical by forest
skylines. Therefore, thin wood material is abandoned in forest and this cause and
economical loss (Yoshimura and Acar, 1996). As a result of a research conducted
by Acar (1997), the work productivity of mobile forest skylines is high more than
long distance forest skylines since the skyline operator and also workers have to up
and down to workplace through long distances (Acar and Yoshimura, 1997).

The monorail is a single rail system, which can be established at steep ter-
rain having % 100 slope level and can transport forest operator and worker and
carry fuel wood or nonwood forest products. It has montage and demontage easi-
ness. The monorail can be used to transport seed or sapling. It is very functional
vehicle for recreational survey within forest.

Furukawa et al.(1995), determined that the sapling and staff are being recently
transported by monorail instead of forest skylines in the planting region in Shirotori
and Higashirakawa. In this way, work productivity in planting operations increased
7-25 percent because of minimization of time losses during connection to workplace.

Yamada et al. (1989), during the sapling transportation into forest via slo-
ping forest road that has % 10 slope gradient, measured the walking speed as res-
pectively 30 m/hour and 45 m/hour in walk up and walk down. As well, the mono-
rail speed is measured as 50 m/hour. Yamada notified that the monorail number
used in forestry are amount 100 since 1985.

In Hokkaide University forest, it was studied by comparing with walking
and monorail. The walking track was 500 meter roudtrip distance with 60 percent
slope gradient. As result, it was determined that quadratus fenoris muscle was ex-
cessively forced in walking down and workload and weariness on leg reduced by
using of monorail. In addition, it was stated the walking time and personnel expen-
diture was to be reduced half and half (Yamada et al., 1996).

The main advantage of monorail system are that:

The arrival time to reach workplace can be minimized,

The tiredness of travel to/from workplace can be diminished,
Transportation and arrival is safe and ergonomic,

The montage cost is low,

The maintenance cost is low,

It is appropriate for especially low sized works,

It is no needed to soil smoothing when it is set up its route,

In short distance, this system gains sudden elevation opposite to forest roads,
It is a mobile tool, it can be installed anywhere,

It is not cause losses of forest land during installation to terrain,
It is an environmentally friendly tool.

Material and Method

In this project, the prototype was produced after planning and construction
studies. Then, the prototype was tested by test-drive and investigated by resistance
studies. The prototype was manufactured in Trabzon (Turkey) by cooperation Ka-
radeniz Technical University Laboratories and Trabzon District Industry.

The prototype was named as "Acar-T750". In the manufacturing of
Acar-T750, it was mostly used native material. Some equipment such as engine and
hydro-engine, was bought from dominant market as ready-made. It was aimed to

60 JlicoBa inkeHepisi: TexHiKka, TeXHOJIOTisI i JOBKiLIs



HaykoBuii BicHuk, 2004, sun. 14.3

shorten construction time and to minimize set up cost in manufacturing process.
Acar-T750 was projected with 300 meter route distance, 5 passenger and 750 kg lo-
ad capacity. The draft was firstly drawn by manual and then transferred to computer

to dimension of monorail. The Figure 1 shows the main part of monorail.
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Figure 1. A Monorail Plan

Locomotion railway car:

Engine with 6 HP power, magnetic ignition, 4 timely upper valve (OHV),
Locomotion system with hydraulic control,
Size 1s 1550 mm x 550 mm,

Automatic control system for breakdown,
Capacity for one person as operator
Transportation railway car:

Maximum load weight is 750 kg,

A hydraulic control system,

Size is 2950 mm X 550 mm,

Capacity for 4 person as passenger.

Tie systems:

Multiple use binding rod (540 mm),

Base and sub binding systems.

Rail and Supports:

Monorail,

Portable rail system,

® (Cogwheel arm and kremayer.
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Figure 2. The Lower Part
Material of Acar-T 750 Figure 3. The Rail and Foot Tie of Monorail

As shown in Figure 1, monorail is formed two part as lower and upper
structure. But, there is a connection system between upper and lower part, which
can provide balancing and moving of monorail. That is, monorail includes a rail
mechanism, movement system, and portable railway cars movable on rail. The ot-
her elements of monorail take places in Figure 2.
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It was separately calculated the strength and load unifying each part in the
method of load and strength calculation. The point occurring beam and supports
was determined as source center (Taira, 1984).

The rail dimension is angle iron with 50 mm x 50 mm quadrangle. Its
membrane thickness is 4 mm and length is 6 m. The main raw material of rail pro-
file is steal — Fe 37 (Table 1). The tie shoe was mounted to provide connection bet-
ween movable system and rail.

Table 1. Technical Features of Rail

Rail Model Kremayer type
Material Type St 37 box profile
Rail Profile Dimension (mm) |50x50x4
Toothed Dimension{mm) St 50 lema 18x4

Tooth Space (mm) 31.5
Length (m)

Carrier and supportive foot have 16 mm diameter and 75, 100, 125, 150 cm
length. The monorail system, thus, can be established various elevation from earth
surface. Tip of the foot was sharpened in order to push to earth. To protect excessi-
ve sinking and fall over, it was used support tray.

The upper part of monorail constitutes from locomotive, rail car, walking
set, and balance mechanism. The movement organ providing movement on rail is a
smooth cogwheel that is mounted to rail and keep kremayer cogwheel. In Acar-T
750 prototype, it was used Tecumseh Geotec 6.0 OHV engine with 6.0 HP. Energy
transfer organs are hydromotor, redactor, and end smooth cogwheel. In order that
user-machine interaction can be improved, inspection organs calculated and eval-
uated according to work areas. There are 3 inspection organ: a) direction command
arm; b) pressure level valve; ¢) accelerator arm.

Monorail can easily provide harmony to difficult terrain condition. Estab-
lishing of monorail route, it is paid attention to find a taut route (Figure 5). The
route is determined by means of compass and the draft is drawn. Rail construction
is started from beginning point to end. Demontage is started from end point.
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Figure 4. Acar-T 750's Locomotive
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Figure 5. Longitudinal Profile of Monorail Route in Macka-Kapikdy Region

4. Finding and Discussion

The total project costs are 29488,19 USD. The total cost of Acar-T 750 pro-
totype includes preparing, project, construction, and other cost.

Acar-T 750 prototype model was established in Kapikdy Region, where
tending operation was to be realized, of Magka Forest District in Trabzon. Average
slope ratio was 45 percent and maximum slope was 73 percent. There was intensi-
ve regeneration. Monorail was established through secondary stream route as
200 m distance. The average slope of monorail was 51,5 percent and altitude was
1145 meter. While monorail establishing corridor was being opened, any sapling
was not cut (Acar et al., 2002).

The monorail route distance was 200 meter. On this route, it was carried
out fuel wood transportation for experimental goal. In the experimental study,
Acar-T 750 could wear the load 750 kg heavy. System speed was measured as
4,9 km/hour. This speed was static until 500 kg load and 70 percent slope limit.
However, under condition of 750 kg load heavy and 70 percent slope gradient, the
system speed decreased to 3,2 km/hour. Except that loading and unloading time
consumption, the system productivity was determined as 12 m*/hour for 200 m dis-
tance and 70 percent slope (Figure 6).

F igure 6. A Perspectzve of Acar—T 750 Prototype

Montage and demontage time is short, thus the system can be easily
transferred from anywhere to other. Monorail can work on difficult and roughly
terrain. By using of monorail, the opening up forest areas can be maximized.
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Particularly, monorail system can be very helpfully for forestry during ten-
ding operations. Tending operations are carried out on intensive regenerated condi-
tions and new forest road construction can be very destructive for vegetation in this
region. Monorail can prevent this negative effects.

5. Results and Recommendation

In this project, the production of Acar-T 750 prototype monorail was reali-
zed. Project costs was totally calculated as 29488,19 USD. In the experiment area,
the establishing time of monorail to surface was 10 work day. Actual working time
was 16,7 man hour for set up time. Average productivity was determined as
12 m/hour with 4 worker in set up process.

In the experimental study, Acar-T 750 could easily wear the load 750 kg he-
avy. System speed was measured as 4,9 km/hour. Under condition of 750 kg load
heavy and 70 percent slope gradient, the system speed decreased to 3,2 km/hour.
The system productivity was calculated as 12 m*/hour for fuel wood transportation.

A narrow corridor can be suitable for monorail route in intensive regenerati-
on areas. The monorail can work any height from earth surface by means of carrier
and supportive foot. Thus, it is an environmentally friendly transportation vehicle.
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BIIVIMB TPO®IJIIO JOPOIT'YM HA HIBUAKICTDB PYXY KOJICHUX
JIICOTPAHCIIOPTHHUX 3ACOBIB

[TogaHo METONMKY 1 Pe3yJIbTaTH aHATITHYHHUX TOCIIKCHb BIUIMBY HapaMeTpiB Mpo-
(110 TOPOTH HA MBHUJIKICTH PYXY KOJIICHUX JIICOTPAHCTIOPTHUX MAIITHH.
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