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SUMMARY

I. Title

Development of Crawler Type Mini Forwarder for Thinning

Operations

IT. The Needs and Objective for Study

The objective of this study was to develop the crawler type mini
forwarder for small scale thinning operations. The most forests in Kora are
composed of relative young forests, which are younger than 40 years and

still need lot of intensive silvicultural treatments and management activities.

Specially, pre-commercial thinning operations need a lot of work force
which depend on mostly unkilled workers, because of low mechanization in
timber harvesting operations. The deficiency and ageing of labor in rural
area brought some difficulties for getting the man power needed for forest
operations, and the rapid increase of labor costs due to raising of general

wage level.

The thinning operations are most labour intensive and the scale of the
thinning area are too small to rationalize and that result low productivities
and low utilization of thinned timber with small dimensions. To solve those
problems related on thinning operations in Korea, introduction of
mechanization will be one of solutions to reduce the labor input and work
load in thinning operations. For moderate and steep terrains, small crawler
type mini forwarder is most suitable for early stage of mechanization in
consideration for present status of technology, and for multi purpose
application. To reduce the harvesting costs and environmental impacts in
thinning operations, it is recommendable to apply the low standard skidding
trails with small log carriers with small load size under 1,000kg and
skidding winch for pre-bunching. Most functional parts for development of
the mini-forwarders are derived and applied from agricultural carrier
vehicles which are widely used for orchard management to save the cost

and the time for development and to ensure easy maintenance.



M. The Research Contents and Scope

1. The design and manufacturing a proto-type of mini-forwarder

For moderate and steep terrains, small crawler type mini forwarder is
most suitable for early stage of mechanization in consideration for present

status of technology, and for its multi purpose application.

To develop the mini-forwarder, the dimension and technical specification
were setup for small scale logging operations in Korea. To adapt for
working conditions in Korea, the dimension of mini—forwarder was
determined to minimum to pass through the narrow skidding trails. The
main points for prototype of mini forwarder were stability on steep terrain
and the compatibilities of the part components with other market products
with similar functions. The dimensions and the design factors of the vehicle
were determined after stability evaluations with simulations of the working

models.

2. The dynamic analysis of driving stability of the proto-type

of mini-forwarder

Stability evaluation on steep slope were evaluated through modeling and
simulation of crossing the obstacle on slope in consideration of the vibration
characteristics. The stability analysis was performed by using the multibody
dynamic analysis programs, such as Working Model 2D and Visual Nastran
Desktop. Physical properties of the component assemblies of mini—-forwarder
such as main frame, engine, winch unit and undercarriage were determined
by using 3D CAD modeler, Solid Edge 8.0. The analysis involved 3D
simulation of the crawler type mini—forwarder traversing over the obstacles

and 3D simulation of its sideways overturning.

The safety driving zone on and slope with bumps with height of 80mm
were simulated with RecurDyn 6.0 program, and it showed that the
mini-forwarder lost the stability under the given obstacle in particular
driving directions. To evaluate the vibration characteristics of the
mini-forwarder, the dynamic model was developed and also ground

roughness was generated.



3. Development of the axillary attachment of the mini-forwarder

To facilitate pulling the logs from stump to skidding trail, the skidding
winch 1is essential to pre-bunch up to 50~60m to felling sites. The
maximum pulling capacity of the winch was approximate 1 ton and wireless
remote control was applied for control of the winch in addition to manual
control of clutch and brake levers. With remote control system, one man
operation is possible and the work force for mini—-forwarder winching could
be kept minimum. And also to load the logs on the platform of the
mini-forwarder center pole with snatch block was mounted in the mid
frame of the mini—-forwarder. With this pillar, it is easy to raise one side of
logs on the platform, and unloading could be done fast and safe using

hydraulic dumping unit.

4. Development of working methods with crawler type mini

forwarder and field test.

Field evaluation for actual work performance with proto-type mini
forwarder were executed in thinning operation sites, in connection with
improvement of various parts of proto-type. Driving capability on skidding
trail showed the maximum driving speed of 5.8km on favorable surfaces, and
average driving speed of 1.6~3.5km on forest road and skidding trail with

full load of 0.9 ton.

The crawler type mini-forwarder could be applied for transport the logs
through skidding trail from an accessible point to road side or landings
with its forwarding functions, and the attached winch systems some cable
logging methods were also utilized such as direct winching and simplified
cable logging using the endress drum and plain drum. Dense skidding trail
density enables mini—-forwarder to apply more efficiently in thinning
operations. And layout of the skidding trails, their standards, and also log
dimensions are major influencing factors for efficiency of the mini-forwarder

operations.



IV. Results and Discussion

To mechanize the thinning operations, it is essential to deploy the small terrain
vehicle just like iron horses in Scandinavian countries and Japan. The bottle neck
of present harvesting systems is the terrain pre-bunching and short distance log
transportation from stump to roadside. About more than 70% of total harvesting
costs are paid for this work phase with manual pre-bunching, and it needs some
efficient equipment to develop. In Korean forest conditions, terrain mobility and
multi purpose are considered in advance to other characteristics. Moreover the small
scaled scattered working site need small capacity vehicle which could be easily

transported by ordinary light trucks from one working site to another.

According to these prerequisites the rubber tracked mini forwarder was chosen as
most efficient alternative equipment for thinning operations. This simple terrain
vehicle could be easily built with functional parts, which modified and applied from
agricultural transport vehicle. The design was performed by simulation with 3D
modeling to ensure and evaluate the safety and performance in advance before the
prototype building. The design factors were derived from simulation and rubber
tracked mini-forwarders was built abd evaluated in field for its feasibility for
practice. It equipped the skidding winch driven by HST power transmission and
wireless remote control and hydraulic dumping plate to facilitate unloading the logs.
It could be used for log transporter in skidding trail upto 40% slope gradient and it
served as small winch also for pre-bunching the felled trees or logs to gather a

load size in 1m’ log volume.

The developed mini forwarder could be utilized for thinning operation in
Korea to overcome shortage of labor force and to facilitate the utilization of

small dimensioned timbers in thinning operations.
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coefficient of driving resistance
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3 3-20. EdE ] FAALAF
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et A ot
ZagE 0.018 0.018 0.023
Az 0.030 0.030 0.035
Z4(Ax) 0.050 0.040 0.040
Al ofx] 0.075 0.060 0.095
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54GF) 0135 0,120 0.085
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99, AA g, 2E D3} golgo AAH Ak 4 12 7} Are] 22F Aol
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o] 9] x| Wl ]| A’% A @20 239 WagdE U A FAe ARAR R HE
AAel AW WE, = idA 240 e dedn Qv pE 2 SES 94
AAFE wolm B 7k sEE 24 (bushing) 2 22 AAH

==

RZ+Alu1 Rz—l Ai—lF
ezzei—1+9i,i—1

A

s mdlo] & EdgsHTH 7 3-349F o] 2718l A3 (sprocket)
I 5719 2= F(road wheel), 281 1719 A A= (support roller)® T4 = AT},
Ztzte] @ A4E AA ZY I 3 Aol (revolute joint)e] FHAE 7HAH, F 8071 F

A (bushing) 842 7HAE 502 AFEES 713 2dg P
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2,(2) = 2,(2%)(5

)y~ for 2<8,

B)(2) = B, () (L), for 2> 2

2
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E 1LE-0
-
3 1,E-04
9_.
=
= LE0s |
£
£ LE06 |
=
£ LEg7 | SPaelli2E cyclelm)
E

LEAS L _ |

Spatial frequencyicyclem)

Wawve lengthi{m)
ISO 7|FdA s e glzyxE (g w2t A 304 H 53714 8dA=

3-18l YERlth. = MIRAC] o Alete »=wl 27dHes &
3-199] vEbAT 7E- A o R = ISORFo T8ty 28 H= A% Tdat
0% wRe FFHE AAetn 1o fote] AfHoz we AAsE 2AS Ao
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EHARY AR
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R 71&tetA Hat

A (M$ E2) <8 4 2.0 15
B (£%) 8-32 16 2.0 15
C (1E) 32-128 64 2.0 15
D (1) 128-512 256 2.0 15
E (e} 512-80482,) ), 10~ % [24 /cycles/m]2.0 15
F 2048=8192 056 20 15
H 3276 20 15
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e £o 28 1
=5 8-32 16 2.050 1.440
= e 32-128 61 (0.487 (0.266)
L 128-512 256
HE 32-128 61
= N 2.280 1.428
LA EL:N -
MEdEeE e L, 1l o (0,534 (0.263)
F) A5 @ a9l PSD
=HAAYE AFEgH e JU 2 el E s 2
o] 714, = =W =olo] digt PSD &0, K, ¢ n& Aol st =i

of thal 3£ 3-20°1 WeEpRATh HE3 o] &, i WRi 2@l = ta 2ol &4
Fo] FY= Pq%R&})—’F% A olslE 49-7F A tH(Pevzner and Tikhonov, 1964).
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KU @ Q Ku’
i%%% N @h(ﬁ) = (QQ—E-OLOQ))m
Hek FP= 38 43 x 101 16 x 10"
AR FPE 21 81 % 10° 23 % 10°
HElg 2 2.1 48 x 10’ 1.2 x 10°
A4 g2 21 44 x 10° 1.1 x 10°
524 1.6 D, (32 ¥, 1@?6[m2/cycles/m] 1(_;6h{_(179)3 10~ O[ft?/cycles/ft]
=2 4 65—t
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2 AFE-#HtH(Bendat and Piersol, 1986).
(1) HA)H2( root mean square value)
(2) 353 =38k (probability density function)
(3) #7173 Al (autocorrelation function)
(4) dH P =3 (power spectral density function)
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