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Abstract. The “Front Boom Mounted Shredder” provides a much-needed solution for clearing dirt roads by
shredding and mulching under brush, cut down branches and tree stumps. By using the “Shredder” the mulched
branches/stumps are left in their place to become organic fertilizing matter and the cost of collection and
removal of cut down and left over branches is saved.

Towed bridges can enable heavy machinery and other forestry equipment to negotiate natural obstacles such as
streams, ravines, ditches and escarpments. Vehicles can move without requiring erection of standard or non-
standard bridging or earthmoving solutions such as culverts and landfilling that can permanently scar the
landscape or disturb the natural draining of the terrain. The bridge is equipped with a set of dual wheels and is
towed by a vehicle such as a tractor or truck. Bridge employment requires a strong host vehicle such as a
bulldozer or heavy truck. For deployment, the host tow vehicle backs the bridge to the gap; disconnects from
the towing drawbar; turns around; and re-hooks to the bridge with a push-adaptor mounted at the front of the
vehicle. The employment vehicle then pushes the bridge to the obstacle, and after the far-end of the bridge
pushed to the other side of the obstacle; the vehicle disconnects the bridge in-place, without any preparation of
the ground or abutment areas. After use, the bridge can be retrieved and towed elsewhere for subsequent
operations. When the bridge is towed behind its "host vehicle" between bridging missions, it can be used as a
simple trailer to transport equipment weighing up to 8 tons.

Keywords. Forest Roads, Shredder, Towed Bride, Trailer,



(The ASAE disclaimer is on a footer on this page, and will show in Print Preview or Page Layout view.)
Introduction

Forests are dense with trees and under brush, and crossed by different types of natural gaps. As the
results a lot of road and bridge construction is being used to give vehicles the ability to move in
forests for fire-fighting, wood harvesting and recreation activities. Paved roads and bridges are
expensive and change the environment for very long time. Under brush is also helping forest fires to
move faster as it has a lot of dry organic matter mixed with a lot of air. Clearing the under-brush can
slow down the fire advance. Cutting the under brush with earthmoving equipment cause a lot of soil
disturbance and soil erosion. Building temporary bridges change the water flow regime.

The tractor front-mounted shredder (U.S. Patent No 5,378,852), was developed for clearing trees and
shrubs and/or trimming areas of underbrush and shrubs, as well as for cutting low-growing tree
branches. The selection of the proper working regime of the shredder to be used for vegetation
control and processing is done according to the plant’s species, the nature of its stem, its branch
system, its age, moisture content and other field factors. In other words, the properties of the cut
plant affect the cutting force and the energy lost by the shredder. Persson (1987) uses a measure,
called the specific cutting energy, which was defined for its practical importance for relating the
required cutting energy to the amount of material being cut. Also he mentions the specific cutting
force as a representative value for the cutting force. Values for the specific cutting force and energy
have been determined experimentally for many types of cutting tools and materials (Persson 1987).

From the literature review it was found that mainly cutting of thin (less than 20 mm) or thick (more
than 120 mm diameter) branches were investigated. There was not enough data on cutting of
small trees or bushes in which a medium branch sizes (25-100 mm) predominate. Fastovsky & Manor
(1999) studied the effect of interacting medium diameter, moisture content and species of wood on
the specific energy and force during the cutting process.

There is no completely satisfactory theory to describe the process of cutting with the
shredder's knives, although some progress has been achieved. The principal reason for this is the
complexity of the process taking place at interactions between knife and wood. Therefore,
experimental data were extremely important in improving the understanding of the process. Thus,
Fastovsky & Manor (1999) obtained the necessary experimental data to achieve a reduction in the
energy consumption by a shredder. Their study was also set to provide information about the failure
mechanism and the associated factors of tree and shrubs branches subjected to impact cut for suitable
shredder design. Based on these conclusions a Front Boom Mounted Heavy Shredder was built and
tested in shredding successfully pines and shrubs in diameter up to 0.1 m.

Forests worldwide are protected by various conservation acts and in some states are defined as road
less areas. When logging is allowed, moving the equipment through the terrain require negotiating
natural obstacles such as streams, ravines, ditches and cliffs. To overcome such obstacles erection of
bridges or earth-moving solutions, such as culverts or land filling, can permanently scar the landscape
or disturb the natural draining of the terrain, and is not allowed in several states.

Using towed bridges like the short military assault-bridge, (Manor & Sion, 2003) for crossing narrow
gaps like streams, ditches, cricks and escarpments, can prevent the disturbance of the banks and the
water running in them. The bridge is equipped with a set of dual wheels and is towed to the gap by a
vehicle and pushed over it from one side. After disconnecting from the vehicle, the bridge is ready to
use. After use, the bridge can be retrieved and towed elsewhere for subsequent operations.



Design Process
Vegetation Clearing

The development of a tractor front-mounted heavy-duty shredder (Fig. 1 & 2), as the result of the
experimental data found by Fastovsky & Manor (1999), enable the clearing of the under brush
between the trees, including trees and side branches (Fig. 2 & 3), without disturbing the soil surface.
The cleared paths can be used for vehicle movement, recreation activities and slow down fires.

Figure 1:Front mounted shredder for tree and shrub shredding

Figure 2: Shredding dense and high bush in front of the tractor



The blades of the shredder and their peripheral velocity were designed according to the conclusions of
Fastovsky & Manor (1999) and it is able to cut and split pines and shrubs in diameter up to 0.1 m.
The shaft with the blades was rotating by a hydraulic motor placed at the rear and connected to the
shaft by V belts. The hydraulic motor got its oil via flexible hoses from a pump powered by the PTO
shaft of the tractor. The flexible hoses enable the shredder to be manipulated to different heights and
directions.

In order to achieve the manipulation of the shredder to shred the vegetation in front of the tractor, at
different heights and directions, a boom of a backhoe was mounted at the side of tractor’s engine. The
heavy shredder was mounted in place of the hoe by a rotate able shaft and a hydraulic cylinder. This
arrangement enables the shredder to be rotated to the side and shred side branches of trees (Fig. 3 &
4) in front of the tractor.

Figure 3: Side shredding position for side branches

Figure 4: A pine tree after shredding its side branch



Bridging

The proposed fast solution is to utilize surplus assault military bridges, the Towed Assault Bridge
(TAB) developed and produced by Israel Military Industries (IMI) in the early 80’s, which are in
service with the Israeli Defense Force (IDF) and the US Marine Corps (Fig. 5).

Figure 5 — M1 tank crossing the TAB

The TAB is a gap-crossing device emplaced, launched, recovered and transported by the towing
vehicle. The TAB is equipped with a set of dual wheels and can be towed behind the vehicle over
public roads, and cross-country. For deployment the host vehicle tow the bridge to the gap,
disconnects from the towing drawbar, turns around, and re-hooks to the bridge with a push adapter
mounted at the front of the vehicle. The deployment vehicle then pushes the bridge to the obstacle,
and after the far end of the bridges body reaches the far bank the vehicle disconnects and the bridge is
ready for crossing.

The TAB was designed, tested and classified according to the Trilateral Design and Test Code for
military bridging and gap crossing equipment (TLC). The classification is Military Load Class (MLC)
70 and support crossings by tracked vehicle weighting up to 64.5 ton and wheeled vehicle of up to 73
ton. The bridge is an assault bridge designed to be laid on unprepared abutments with bank
irregularities, and therefore the bridge can be safely crossed at side and longitudinal slopes.

The Towed Assault Bridge (TAB), consists of four main components as shown in Figure 6.
1. Main Body
2. Wheel System
3. Horn Beams
4. Tow Bar System



Figure 6 — TAB main components

The main body is constructed of four longitudinal beams made of high strength steel. The beams are
welded to corrugated deck plates and six inner transverse members to form a monoblock structure.
Each of the main beams bottom chords include 32 high strength steel rods of 8§ mm diameter, firmly
connected to the bridge ends and pre-stressed to 100 tons. The upper surface — the bridge deck
consists of formed steel plates with anti-skid cleats.

The horn beams are located at the bridge front — one on each side. The horn beams enables the bridge
to reach the opposite side of the gap when deployed for launching. The horn beam front section can
be folded inside, and the whole horn beam assembly can be rotated toward the bridge center, over the
hinges, and secured to the deck. The horn beams folding reduces the system total length and width for
transportation.

The wheel systems are located at the bridge outer longitudinal beams, and bolted to the beam by two
anchor pins. Each wheel system contains two hub assemblies of the 5 ton standard AM General Truck
front axle (left and right) and 2 standard wheels 1100x20. At each side of the bridge, near the wheel
system, a wheel chock is stowed. The chocks are used to prevent unnecessary movement of the bridge
during parking, and to assist in tire changing procedure.

The Tow Bar system enables the bridge to be towed and launched over the ditch or escarpment (Fig. 7
&8) and detaches from the pushing (deploying) vehicle prior to crossing over. The Tow Bar system
includes the frame, adjustable landing leg, quick release mechanism and the tow hook. The quick
release mechanism detaches the tow hook from the tow bar by pulling a rope tied to the quick release
mechanism lever ring.



Figure 7 — Vehicle hook and bridge lunette locked

Figure 8- Close to ground pushing for high cliff bridging

The objective of the new design was to use the bridge also as a trailer to transport very slow equipment, like
harvesting ones, from one site to another. It uses the dimensions of the harvesting and transporting vehicles to
narrow the total bridge width to comply with state highway regulations. The width was designed to a total of
3.6m by using only two of the bridge longitudinal beams, which are enough for the maximum load of 38 tons of
the heaviest vehicle found. The bridge tow bar with the quick release mechanism was redesigned to be easy to
operate. New wheel assemblies were designed to comply with the heavier load on them. A brake system to the
new wheel assemblies was added to allow a wider range of towing vehicles. Tie-downs on the bridge deck were
added to secure cargo.



Conclusions

The “Front Boom Mounted Shredder” provides a much-needed solution for clearing dirt roads by
shredding and mulching under brush, cut down branches and tree stumps. By using the “Shredder”
the mulched branches/stumps are left in their place to become organic fertilizing matter and the cost
of collection and removal of cut down and left over branches is saved.

The Towed Assault Bridge (TAB) can be the fast solution for crossing narrow gaps like streams,
ditches, cricks and escarpments, without disturbing the banks and the water running in them. The
new design of the bridge fits better the needs of the harvesting operations, the vehicles’ dimensions
and weight. It can help also by being used as a trailer to move faster from site to site.
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