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abstract
The price of firewood has increased substantially in the last couple of years due to the high volume of export. 
The branches and smaller diameter pieces are considered leftovers and are not exportable, however they 
are suitable as firewood. Chainsaws are used to cut the larger diameter wood, but this way is not efficient 
for cutting up branches and smaller diameter wood pieces. In this paper we present the structure, working 
principle and the 3D model of a machine that can be used to chop smaller diameter wood branches in a sim-
ple and efficient way.
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1. introduction

Firewood is prepared to the desired size by chain 
or circular saw, however these machines are not 
effective for branches with smaller diameters. In 
order to solve this problem, branch cutter and 
chopper machines have been developed which 
provide a quick and energy efficient solution.

Wood chopper machines produce wood chips 
with dimension in the couple of cm range that can 
be stored in bags. This procedure has high energy 
requirements, and additionally the storage of the 
bagged wood chips requires special conditions if 
the aim is to use it for heating purposes. The wood 
chips have to dry before being used as firewood, 
however packaging it in bags partially prevents 
this. Bagged wood chips become biomass over 
time. 

Wood cutter machines, on the other hand, pro-
duce wood pieces in the 20-30 cm range, which 
allows for easier storage, furthermore, wood at 
these dimensions dries out easily. A further ad-
vantage of this method is the low energy require-
ment, since in contrast with the wood chopper

(which requires a lot of cuts to transform the 
wood into small chips) only a few cuts are needed 
to produce wood pieces that have an approximate 
length of 30 cm.

There are different type of wood cutting ma-
chines on the market with either one or three 
shaft construction. The working principle is very 
similar in both types: 3 or 4 blades are mounted 
on one or two shafts that perform the cutting ac-
tion. The drivetrain of these instrument is deter-
mined by the required mobility constraints on the 
instrument. These drivetrains could be electric 
motors, when mobility is not important, it could 
be a small two stroke engine that could be trans-
ported easily for improved mobility, however it 
has to be noted that this solution is only viable for 
smaller branch diameters, like bushes or similar. 
For heavy duty lumbering, tractors are used to 
power the machines. Some designs have a feed-
ing system, however the three shaft type does not 
require a feeding system, meaning that due to the 
rotary motion, and the positioning of the blades, 
it pulls the branch into the machine.
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2. the designed wood cutting machine  

2.1. input data
In designing the wood cutting machine we first 

selected the type: the three-shaft design, secondly, 
we had to consider that the gears were already in 
our possession’, and last that the machine has to 
be powered by a UTB 445dt tractor. Our next most 
important criteria was cost effectiveness, thus we 
tried to use standardized components where ever 
possible, for fast and easy repairability.  

The machine has three shafts, one is the driving 
shaft, and the two others are the cutting shafts 
that are equipped with blades. The tractor drives 
the driving shaft that is connected to the first cut-
ting shaft with a high reduction ratio, thus pro-
ducing substantial torque. The first cutting shaft 
drives the second cutting shaft by gear pair that 
have a gear ratio of 1. Thus, through the rotary 
motion, the blades on the two shafts rotate in 
such a way that the gap between them decreases 
to a minimum of less than 5 mm, thus causing the 
captivated wood to shear apart.

The wood cutting machine is powered by a drive 
shaft that is connected to both the machine and 
the tractor through a TlT type spline shaft. In 
the planning process we used the 1987 built UTB 
445dt type tractor specification that is equipped 
with a D115 type engine, with the result that 
when the engine rotates at 1967 rpm the spline 
shaft rotates at 540 rpm. At 1500 rpm the engine 
produces 146.11 Nm torque, and 411,79 rpm at 
the TlT spline shaft. [1]

2.2. structure of the machine

2.2.1. the frame
The housing is made of 16 mm thick Ol50 mate-

rial which is connected and fixed by the screws. 
The metal sheets have dimensions of 480mm x 
980 mm. The holes that are needed to connect 
the bearing housings are required to be man-
ufactured with high precision, since these will 
determine the distance between the two cutting 
shafts that are connected by gears. The distance 
between the gears is essential in order to be ac-
curate. The bearing houses are connected to the 
metal sheets by DIN7968 screws. [2]

2.2.2. spline shaft
The dimension of the spline shaft was deter-

mined by accounting for the surface compression 
stress at the maximum torque value. During the 
calculations we assumed that under working 

conditions the position of the drive shaft does 
not change in relation to the spline shaft, further-
more we choose the dynamic loading conditions. 
The allowed surface compression of the spline 
shaft is 30-50N/mm2. [3]

equation (1) calculates the maximum torque un-
der these conditions as:

    (1)

T = 526.246 Nm
where [3]

0.75 – means the ribs will be grinded after an-
nealing. 

Ψ – is the dynamic factor, 
D – outer diameter, 
d – inner diameter, 
f – chamfer of the ribs, 
l – length of the ribs, 
rk – medium radius, 
z – number of ribbs, 
pmeg – allowed surface compression pressure. 
Based on the above calculation the selected 

spline shaft withstands the loading.

2.2.3. Blade holding shafts
The material of the blade holding shafts is C45. 

The gear containing 78 teeth is connected by a 
sink key joint, and held in position by a washer 
and an M14 screw that is screwed into the end of 
the shaft. Three blades are placed into the milled 

figure 1. 3D model of the wood cutting machine
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pocket (13 mm wide and 50 mm deep) and posi-
tioned to 120°. each blade is fixed to the shaft by 
3 M12 screws.

The third shaft is similar to the second shaft, the 
only difference being the direction of the milled 
pockets, since this shaft rotates to the opposite di-
rection. The shafts were checked for torsion load-
ing at the smallest diameter, and the verifying 
calculations confirmed that the shaft could with-
stand the applied maximum torsion loads. [4]

 2.2.4. Blades
The blades are manufactured from high car-

bon content steel, annealed to 55-57 HrC. The 
12 mm thick, 250 mm long and 132.5 mm wide 
blades are fixed to the 13 mm wide milled pockets 
of the shafts by four M12 screws. In order to fix 
the blades to the shafts 13 mm wide and 20 mm 
long pockets were milled to the shafts perpendic-
ular to the blade holding pockets, as shown on 
figure 2. The 20 mm length of the pockets serve 
the purpose of providing the ability to modify the 
distance between opposite blades after honing. In 
order to be able to control precisely the distance 
between the blades of the two shafts each blade is 
equipped with special positioning screws.

In order to provide extended lifetime for the 
blades, the design calls for a 30 ⁰ chamfer and an-
nealing.

2.2.5. Keys
The dimensional design of keys are typically 

done by checking for surface pressure loading. 
[5]

 We used the type A key from DIN 6885. [6] The 
length of the key is determined by the following 
equations:

 (2)

lf = l + b     (3)
where:

l – length of the parallel sides, 

Mt – torque, 
d – the diameter of the shaft, 
h – height of the key, 
z – number of keys used, 
t1 – depth of the key hole on the shaft, 
pmeg – the allowed surface pressure. 
We have selected the worst case scenario for 

the surface pressure from the allowed interval, in 
this way over-dimensioning the key. The minimal 
length that is required is marked with lf, contain-
ing the rounded parts of the key, whereas b is the 
width of the key. We have chosen the value of lf 
from a specific table in such a way that the val-
ue is equal or higher than the calculated lf value. 
Based on the results we have selected the follow-
ing keys: DIN 6885 – A10 x 8 x 32 - C45 K for the 
spline shaft and DIN 6885 – A16 x 10 x 63 –C45 K 
for the key holding shafts. [7]

2.2.6. Bearings
The shafts are loaded with radial forces, thus 

radial bearings are needed. We need to select a 
bearing that had a larger inner diameter than the 
gears, since the gears need to be supported by the 
bearing. The inner diameter of the gear is 52,3 
mm, and the closest bearing inner diameter is 55 
mm.

In most cases the bearing housing is formed in 
the side plate, which would imply the use of at 
least a 28 mm thick steel plate, made of high-qual-
ity material. The easiest way to manufacture such 
a plate would be metal casting, however that is a 
very expensive way. In order to reduce the cost 
and also provide an easily fixable solution we 
have selected the UCF type bearings shown in 
figure 4. This type of bearing comes with a hous-
ing that can be mounted to the side plates with 
4 screws. Due to the radial forces on the shafts, 
shearing loads will appear on the screws connect-
ing the bearing housing to the side plates.

One additional benefit of this type of bearing 
housing is that it allows the twist of the outer ring 

figure 2. Blade holding shaft figure 3. Blade
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of the bearing in the housing, thus the bearing 
would not experience additional forces intro-
duced by the imperfect part dimensions due to 
manufacturing precision. This solution also pro-
vides the easy replacement of the bearings in case 
of failure

 2.2.7. gears
The gears were originally used in a crane appli-

cation, and now they are reused to build the wood 
cutting machine. The gears have an m = 4.25 mm 
module and based on preliminary calculations 
they can withstand the resulting loads.

2.2.8. Covering components
In order to provide a sufficiently safe working 

environment around the wood cutting machine 
cover plates will be used. The moving part will 
be covered by 2 mm thick steel sheets so that the 
flying wood parts would not pose a threat to the 
machine handler and also prevent the touching 
the moving parts. A funnel is necessary to allow 
the feeding, and furthermore the gears will also 
be covered

3. Conclusions

This work presents the working principles, de-
sign steps and 3D model of a wood cutting ma-
chine. The designed machine has a robust struc-
ture, is driven by a tractor and designed with a 
cost-effective mindset and easy fixability. The 
machine is capable of cutting small diameter (15 
mm) wood pieces and branches into 20-30 cm 
length pieces in an effective and efficient way.

Based on the dimensioning calculations for the 
maximum torque provided by the tractor, all of 
the parts are capable of withstanding the loading 
resulting from the wood cutting procedure.

We are considering safety as the first priority, 
thus the machine is equipped with shielding com-
ponents that cover the machine and protect the 
operator.
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figure 4. UCF-type bearing [8]
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