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ABSTRACT
The aim of every designer is to reduce the size of torsional vibration in any mechani-
cal system. Successful control of torsional vibration can be achieved only if a detailed 
analysis, computation of system in terms of torsional dynamics. The test results indi-
cate that the intended objective can be achieved only if, some members of the system 
parameters are properly adapted to the dynamics of the system itself. This means that 
any torsionally oscillating mechanical system should be properly tuned. Therefore, the 
aim of Article will be to present and confirm an appropriate choice of wood waste 
chipper drive located on the automobile chassis based on a detailed dynamic analysis 
of Campbell diagrams and amplitude-frequency characteristics.

1. Introduction
Pumps, fans, but especially internal combustion engines and compressors, exciters 

are of torsional vibrations in mechanical systems. Intensive torsional vibration causes 
excessive stress in these dynamic systems. As a consequence, there comes to failure 
of individual components of mechanism, such as bearings, shafts, gears, flexible shaft 
couplings and eventually also piston devices. Hence the need to control dangerous 
torsional vibration of mechanical systems is becoming increasingly greater.

At present, biomass is belongs to the most important renewable energy sources. 
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For processing of biomass are used different types 
of wood chippers and shredders adapted for 
heavy forestry and agricultural equipment. Since 
the wood chippers are periodically operating ma-
chines, they bring into the system adverse torsion-
al vibration.
	 Successful control of torsional vibration can be 
achieved only in the case of a detailed analysis and 
calculation of the system in terms of torsional dy-
namics [1,2,12]. The test results indicate that the 
intended objective can be achieved only if, some 
members of the system parameters are appropri-
ately adapted the dynamics of the system itself. 
This means that any torsionally oscillating me-
chanical system (TOMS) must be properly tuned in 
advance [3]. 
	 Therefore, the aim of Article will be to present 
and confirm an appropriate choice of wood waste 
chipper drive located on the automobile chassis 
based on a detailed dynamic analysis of Campbell 
diagrams and amplitude-frequency characteristics.

2. Representation of Variables and Results SBRA
	 Requirements for device:
wood waste chipper on the performance of 
P=45 ÷ 55m3/h, 
hydraulic feeder for the mechanical wood feed-
ing,
collection container with self-emptying system,
placement on the chassis of IVECO Trakker AD 
380T44W.
	 Based on the survey and subsequent analysis of 
the available commercial chippers wood waste up 
to power 60 m3/h, with representation in Slovakia, 
based on specified parameters was selected as the 
best alternative a mobile chipper HEM 360 Z, of a 
German producer JENZ (Fig. 1) with technical pa-
rameters according to Tab.1. 

Fig. 1: HEM 360 Z mobile chipper.

maximum engine power [kW] 150

maximum performance of wood 
chipper [m3/h]

60

diameter of cutting drum [mm] 520

maximum size of wood [mm]
260 soft /  
370 hard

wood chipper dimensions 1 x w x 
h [m]

4.8 x 2.55 x 3.9

total machine weight [kg] 6300

Table 1: Technical parameters HEM 360 Z chipper.

Fig. 2: The final concept of vehicle.

3. Conceptual Design of Vehicle, Power Take off 
and Drive of Wood Chipper

	 Design of appropriate alternatives of wood chip-
per drives depends on the solution of vehicle con-
cept itself,, which must respect the Law. 116/1997 
on the conditions of traffic of vehicles on roads. 
Alternative designs of vehicle concept
	 In practical terms, the chipper can be placed on 
automobile chassis in two alternatives:
In the front of the chassis storage area with con-
trol in the vehicle cab,
In the rear of the chassis storage area with control 
outside the vehicle cab.
Power take off design
	 In terms of simplicity and reliability is best to im-
plement power take off from the rear of the engine 
with the adapter from the axis of the internal com-
bustion engine crankshaft.
	 Based on the advantages and disadvantages of 
various alternatives, as well as sampling of power 
take off, the more suitable alternative location of 
wood chipper is in front of the vehicle (Fig. 2), with 
power take off from the rear of the engine.

Design alternatives of wood chipper drive
A. power output from the engine, flexible connection 
and speed reduc-tion with V-belts (Fig. 3).
	 The design is simple and constructionally easy. An 
advantage are the good damping properties of flex
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ible couplings Flender Elpex EST-S 290 and V-belts. 
Resulting that excessive load is of the system is 
damped. The big disadvantage is the high load 
force of bearings with additional radial forces from 
the belt tension.

Fig. 3: Drive scheme of power take off shaft with V-belt transmis-

sion.

flexible connection with belt transmission using 
narrow V-belts:
atransmitted power P=150kW, 
acrankshaft speed n

m
=1350 min-1, 

aflexible coupling EST 290: k
φ
=3,6.103 N.m.rad-1; 

ψ=0,8, 
abelt type SPC according to ISO 4184 (DIN 7753): k

r
 = 

75549 N.m.rad-1, slip - 6 %, efficiency - 81,5%, 
anumber of belts - 4,
atransmission ratio - 1,682.        
flexible connection with belt transmission using 
toothed belt:
atransmitted power P=150kW,
acrankshaft speed n

m
 = 1350 min-1,

aflexible coupling EST 290: k
φ
 = 3,6.103 N.m.rad-1; 

ψ=0,8, 
abelt type PolyChain 14MGT2: k

r
 = 336 418 N.m.rad-1, 

efficiency -98%, 
anumber of belt teeth -170,
atransmission ratio -1,682. 
B. power output from the engine to gear reducer, 
flexible connection of cardan shaft with highly-flexi-
ble couplings (Fig. 4)
	 Design solution more expensive to the previous, 
but allows to transmit high torque without slipping, 
and for small angle of cardan shaft doesn’t exces-
sively load the bearings with additional radial forces. 
	 By suitable stiffness of Flender flexible couplings 
type Elpex S-290 and EST ESNW 320 the torsionally 
oscillating mechanical system can be suitably tuned 
[1,2,5,11,12].

flexible connection with single-stage gearbox G02 
CI 200 of Rossi Moto-riduttori company:
atransmitted power P=150kW,
acrankshaft speed n

m
 = 1350 min-1,

aflexible coupling after engine EST 290: k
φ
 = 3,6.103 

N.m.rad-1; ψ=0,8,
aflexible coupling before chipper ESNW 320: k

φ
= 

10.103 N.m.rad-1; ψ=1,15,
atransmission ratio - 1,768. 

Fig. 4: Scheme of flexible coupling and gear reducer drive.

4. Dynamic Model wood Chipper Drive System
	 In determining the dynamic drive system model 
of wood chipper we assume the wood chipper 
drive kinematic scheme (Fig. 5), consisting of driv-
ing device presented by six-cylinder internal

Fig. 5: Kinematic scheme of the wood chipper propulsion me-

chanical system.

combustion engine (1), the transmission device (2) 
and driven device presented by wood waste chip-
per (3).
	 Reduction of the rotating parts of the mechanical 
system kinematic scheme (Fig. 5) we get a three-
mass dynamic model of the system (Fig. 6) consist-
ing of three rotating discs characterized by mass 
moment of inertia: 
six-cylinder internal combustion engine - 
I1=4,07kg.m2,
transmission device for the case of:
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aflexible connection of belt drive using narrow V-belts 
I
2
= 6,68 kg.m2,

aflexible connection of belt drive using toothed belt 
I
2
= 0,56 kg.m2,

aflexible connection of  gear reducer I2=0,28kg.m2,
with rotating parts of wood waste chipper I

3 
= 23,109 

kg.m2, 
torsional stiffnesses k

12
 and k

23
 of flexible couplings 

and belt drives,
damping properties b

12
 and b

23
 of flexible couplings.

Fig. 6: Dynamic model the wood chipper drive system.

	 Drive system dynamic model of the wood chipper 
is described by a system of differential equations (1, 
2, 3):

while driving torque of six-cylinder internal com-
bustion engine is characterized by equation (4), and 
the excitation moment of the wood waste chipper 
is characterized by relation (5)

	 Both moments are defined by medium torque 
M

m0
 and M

z0
 and non-variable with time in steady-

state and amplitudes of harmonic components M
mκ

 
and M

zκ
 of rank κ.   

	 By processing and determination of the drivin 
torque of the engine M

m
 and exciting torque M

z
 of 

wood waste chipper were calculated individual val-
ues of mean torque M

m0
 and M

z0
, values of harmonic 

components M
mκ

  a M
zκ

 and phases υκ (Tab. 1 and 
Tab. 2). 

Rank of harmonic 
component

Amplitude Mm0 a Mmκ
 

(N.m)
Phase y

κ
(rad)

0 2078,497 1,570796

3 2187,022 6,133244

6 1042,962 5,705516

9 356,453 5,125887

12 154,143 4,340151

Table 1 Values of the individual y components of six-cylinder 

internal combustion engine driving torque M
m

.

Rank of harmonic 
component

Amplitude Mm0 a Mmκ
 

(N.m)
Phase y

κ
(rad)

0 1400

4 599,442 -0,92092

8 485,808 -0,30763

12 324,935 0,311737

Table 2 Values of the individual components of wood waste chip-

per exciting torque M
z
.

5. Dynamic Analysis Evaluation of the Wood  
Chippers Mechanical System Drive

5.1 Alternative designs of vehicle concept
	 When investigating a suitable tuning of any TOMS 
we use the Campbell diagram. It determines the criti-
cal speeds nK (eventually critical angular frequencies 
ωK) at the intersection of natural speed frequency 
lines N (eventually natural angular frequencies X0) 
with the lines of harmonic components beam load 
torque. Orthogonal projection of the intersections 
in the horizontal axis indicates the position of the 
critical speed of the system [3,6,7,10].
	 In general terms it can be stated that in the con-
sidered system are two of different exciters tor-
sional oscillations, in the choice of working speed 
it is advantageous to as far as possible eliminate 
the dispersion of the major harmonic components. 
The result is a constant speed of crankshaft nm = 

. . .
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1350min-1, where the chipper reaches speed about 
np = 1000min-1. Both speed frequencies are in the 
range recommended by the manufacturer. From 
the dynamic point of view, the major harmonic 
components overlap in a small area, which practi-
cally reduces the number of critical speed in half, 
but with the effect that when they are reached the 
dynamic components of both torques are added to-
gether.
On Fig. 7 is presented the result of tuning the wood 
waste chipper mechanical system drive in the case 
of a flexible belt drive connection with the applica-
tion of a narrow V-belts. Critical speed of 3-rd har-
monic component of engine and 4-th harmonic 
component of load are by the idle engine speed 
(n=approximately 580 to 600 min-1), which the system 
overcomes during start-up. In the place of operating 
mode n

p
=1000min-1 there is no intersection of natu-

ral speed frequencies with lines of load torque har-
monic components. Based on that fact in terms of 
torsional vibration smooth running of chipper drive 
system can be concluded.

	 Figure 8 describes the result of tuning the wood 
waste chipper drive mechanical system in the case 
of belt transmission flexible connection with the ap-
plication of toothed belt.
The resonance with the major harmonic compo-
nents of engine torque excitation and load oc-curs 
in the speed area of approximately n =100 to 150 
min-1. The system overcomes this area in a very short 
time at its start-up. The resonance with the minor 
harmonic (9-th from the engine and 12-th from the 
load) occurs at a speed n = 1180 min-1. This critical 
speeds in the dynamic terms are not as dangerous 

Fig. 7: Campbell diagram of chipper mechanical system drive 

with flexible coupling and narrow V-belt.

as the amplitude of the dynamic components be-
cause the torques are in this case quite low.
	 On Fig. 9 is presented the result of tuning the wood 
waste chipper mechanical system drive in the case 
of flexible connection of the gear reducer. The reso-
nance with major harmonic components of engine 
and load torque excitation occurs in the idle speed 
range of engine (nV = 550min-1), which system over-
comes at start-up of the device. Critical speed of the 
lower harmonics from the dynamic terms are not 
dangerous because they are in the start-up range of 
the system (n=100 ÷ 300min-1) while the amplitude 
of the harmonic components are relatively low.

5.2 Amplitude-Frequency Characteristics
	 Amplitude-frequency characteristics (Fig. 10 and 
11) are the result of the solution of differen-tial 
equations (1, 2 and 3). 

Fig. 8: Campbell diagram of chipper mechanical system drive 

with flexible coupling and toothed belt.

Fig. 9: Campbell diagram of chipper mechanical system drive 

with flexible connection of the gear reducer.
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	 Figures 10 and 11 present and characterize the 
results of solution as amplitude-frequency charac-
teristics represented by dynamic load torque ampli-
tude curves in speed range [1,3,10].  
	 The diagrams shows that the torsional stiffness of 
all three variants of chipper drive moved the natural 
speed frequencies to low values and thus system 
will work in the overcritical range. 
	 From the diagrams it is obvious that close to the 
operating speed system n

P
 = 1000min-1 no unde-

sired torsional vibration system and therefore is not 
loaded with large dynamic component of torque.
	 Although the impact of all alternatives on the cou-
pling behind the engine are the same, in the case 
before the wood chippers it appears preferable the 
alternative using highly-flexible couplings and re-
duction gear to an alternative with belts, because 
under such conditions there is significantly lowest 
dynamic component of the load torque acting in 
the system.

Fig. 10: Dynamic components of the engine torque load .

Fig. 11: Dynamic component of torque load before the wood chipper.

6. Conclusion 
	 The result of works solution is the conceptual de-
sign the wood waste chipper car body, whose main 
goal was drive perceived both from a dynamic and 
structural point of view. This work high-lights the 
importance of simplicity and also importance of ap-
plications of flexible shaft couplings in the design of 
drives with Torsional vibration because they are sim-
ple and reliable way to ensure appropriate system 

tuning, thereby ensuring a sufficiently long lifetime 
of the device. Therefore, in solving the problem has 
been selected as the most appropriate alternative 
the drive with flexible couplings and gear reducer, 
compared to belt drives shafts and bearings are not 
loaded by exces-sive radial forces.
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