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Abstract: Analysis of harvester’s operation time
utilization — mathematical model. Economic ef-
fects of application of large-productivity ma-
chines is closely related to organization of the
harvesting process. The time losses on additional,
unconnected with production phases of that pro-
cess are especially important. Under Polish condi-
tions, such phase includes e.g. machine passages
to a night parking place, as well as passages be-
tween particular tasks resulted from splitting of
these tasks. The undertaken investigations aim at
explaining of the effect of selected organization
factors on operating productivity of multifunc-
tional machines. The dependences that determine
duration of particular phases have been formu-
lated together with the balance indices of working
shift time. The presented model enables to learn
the working day structure and can be useful in the
process of undertaking decisions to improve or-
ganization of large-productivity machines’ opera-
tion in Polish forests.
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INTRODUCTION

Application of specialized forest ma-
chines of very large productivity has be-
come a real fact in Poland [Wiesik and
Nurek 2002]. More and more forest in-
spectorates perform timber harvesting
with the use of harvesters, logging with
the use of forwarders or general pur-
pose agricultural tractors coupled to the
self-loading trailers. These technologies
combine many advantages. Undoubt-

edly, the most important are: improve-
ment of produced raw material quality,
improvement of work safety, reduction
of realization time in particular tasks.
However, a basic condition for applica-
tion of mechanized timber harvesting
is achievement of lower specific costs,
when compared to traditional technolo-
gies. Under conditions of Polish forestry,
obtaining of satisfactory specific costs of
timber harvesting with multi-functional
machines (resulted directly from their
productivity) meets the objective diffi-
culties [Moskalik 2000]. Most important
of them result from: structure of forest
complex area, used methods of silvi-
culture, methods of final cuttings and
culture conditions. The following facts
(unfavourable from economic point of
view) are especially important: small
area and scattering of forest complexes,
small area of cuttings resulted from the
methods used in silviculture (growing
importance of the group cutting), tra-
ditional one-shift working day, leaving
machines on the working site not pos-
sible (on the forest site) [Giefing 1999].
As a most favourable situation one can
assume the machine operation on very
large area (final cutting) that provides
the scope of work for many days in the
two- or three-day shift system. The ma-
chine would be left on forest site, while
the operators and exploitation material
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would be delivered to the working site
[Nurek 2005]. Such organization of ma-
chine timber harvesting can be found in
Scandinavia. It can be regarded as op-
timal solution that enable to obtain the
highest operating productivity (executed
during a single working day). Unfor-
tunately, due to above circumstances,
a certain part of working day is taken by
the operations unconnected with produc-
tion; it results in a decrease in operating
productivity and a increase in specific
costs of timber harvesting [Wiesik and
Nurek 2005].

MATERIAL AND METHODS

The undertaken investigations aim at

determination of the effect of selected

factors on the structure of working day

utilization. The carried out analyses con-

cern realization of forest operations on

a large area (forest inspectorate, regional

management of the state forests), since

some of considered events cannot be tak-

en into account in the case of single task

only. The preliminary analyses [Botwin

1993, Jabtonski 1998] enabled to distin-

guish and define the following phases of

working day and to assign them the ap-

propriate times:

— execution of technological opera-
tions, Tgz,

— passages between tasks, Tacl,

— passages between tasks and bases,
Teo,

— identification of tasks, T71,

— identification and taking of bases,
T2,

- breaks, T 5,

— down-times, T7.

Among these phases only execution
of technological operations is directly
connected to production (Tgp). It includes
the times of tree processing (felling, de-
branching, cross cutting) and the times of
necessary passages between subsequent
trees. Duration of this phase is most of-
ten independent of organization factors.
It results from the stand properties and
nature of the executed task (number of
cut assortments, type of cutting). The
remaining distinguished phases include
auxiliary operations that occur always
and are independent of taken up or-
ganization variant and the current natu-
ral-forest conditions. For example, it is
necessary to provide the regenerative
breaks for staff and the down-times for
machine servicing (T5 s, and Ty3.). Du-
ration of the remaining mentioned phas-
es depends on taken up technological
solutions and conditions of operations.
The other organization factors (that are
rarely discussed in available references)
are also very important: scope of tasks,
their concentration on a relatively small
area, distance of machine passages.

RESULTS AND DISCUSSION

Passages between tasks (Tgs;)
and between tasks and bases (Tg5)

The initial observations showed that un-
der Polish forest conditions the large part
of working day is taken by machine pas-
sages. Two kinds of passages can be dis-
tinguished: between parking place and
the task, and between the tasks. During
a single working day (assuming occur-
rence of many tasks and necessity of ma-
chine parking in bases) one can distin-
guish the following situations (Fig. 1).
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FIGURE 1. Routes of harvester passages during working day

Direct passages between tasks (i) dur-
ing the working day do not occur, if upon
completion of every task (with limited
time of working day) the operator has
the time left only for the passage to base
(Fig. 1a). It is a special case, when the
task volume equals with the harvester’s
daily productivity or its multiplicity.

Another special case is situation
when the harvester after every working
day stays on the site and does not return
to overnight base (k) (e.g. when operator
is transported to machine parking place).
Therefore, during the realization period
of all tasks only two harvester’s passages
occur: between the base (central) and the
tasks — passage to the first task and pas-
sage to base upon completion of the last
one (Fig. 1c).

Under Polish conditions one cannot
leave the machine on the felling site upon
completion of working day; therefore, in
some cases the harvester’s passages both
between tasks and between the task and
base occur (Fig. 1b). Please note, that af-
ter execution of task (i — 1) the realiza-
tion of 3-day task (i) starts the same day,
an then (i + 1).

Considering these cases, duration of
all the passages between tasks on a given
site can be described with equation:

(nZ _1) i IZZ * Me1 [h]
\41

C
Te1 =

where:
n, — number of tasks;
I,, — distance between tasks in km;
vy — speed of machine travel between
tasks in km/h.

If number of tasks is big, one can
roughly assume that:

N, -lz - Me1
< £ 1P~ Th
v [h]

C
Te1 =

Coefficient #g, determines the real
number of passages between tasks in re-
lation to number of tasks realized on the
site. Its value, as it is evident from pre-
vious considerations, can be contained
in the interval 0 < 76 <1 (761 = 0 —
Fig. 1a, ng1 = 1 — Fig. 1c, neglecting two
passages to the central base).

It is evident from the above equa-
tions that duration of passages between
tasks increases along with an increase in
number of tasks (n,), distance (l,;) and
value of coefficient (1g1), While it de-
creases with an increase in ground speed
(va).

There is exact connection between n,
and l,,, since both magnitudes are con-
sidered for the same area. An increase
in number of tasks causes a decrease in
distance between them I,,. However, one
should bear in mind that along with an
increase in number of tasks, the value of
coefficient 7g; increases also.
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Assuming the regular distribution of
tasks on area s, (e.g. on the area of forest
inspectorate) and introducing coefficient
that determines timber quantity har-
vested from area unit, one can obtain the
equation to determine time of passages
of the following form:

‘N
T6Cl — 7761 . QC V4 [h]
10- v V4

where:
Q. — timber quantity harvested from ad-
ministrative area unit in m3;

_Q
7S

— coefficient that determines
quantity of timber harvested from ad-
ministrative area unit in m%ha.

The above dependence enables to
investigate relations between the basic
quantities that characterize tasks planned
for realization on the large area (forest
inspectorate) and the time for passages
between them. A significant parameter
resulting from abundance of Polish tree
stands and the taken up principles of for-
est utilization is the coefficient that de-
termines the timber quantity harvested
from administrative area unit of forest
inspectorate.

In order to determine the sum of
harvester’s passage time between tasks
one can assume that at the end of every
working day the machine returns to the
base closest to the next task. As it is evi-
dent from Figure 1, it can be return to
the same base or passage to the next one.
Similarly to distribution of tasks, the reg-
ular distribution of bases was assumed.
Therefore, the distance between them
can be determined with equation:

_1 s
Ibb—lo \/; [km]

where:
Ny, — number of bases;
S, — considered area in ha.

At regular distribution of tasks and
bases, the distance of passage between
the base and task (l,,) is smaller than
the distance between bases (lpp). I the
base is situated in the center of square
area of side Iy, the closest task can be
situated at distance ranged from l,, = 0

to Iz =l \/% = 0.71- lyy,. Generally,

the average distance between base and
tasks can be determined with expres-
sion:

I2b =162 * lbp [km]

Value of coefficient #g, is a charac-
teristic quantity for the real forest areas;
its value is contained in interval 0 <#g, <
<0.71.

The time of all passages between bas-
es and tasks on the analyzed area can be
calculated with equation:

-|—6(:2=2‘nd‘7762 S _

10- v, Ny

— 2- Ng - 762 QC [h]
10-v2 \y-my

where:

v, — speed of machine travel between
base and task in km/h;

ng — number of task realization days.
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I dentification of tasks (T+y)
and identification and taking of
bases (T+,)

The safe and most effective execution
of every task calls for operator’s knowl-
edge of working conditions. Especially
important are information that concern:
— direction of machine movement dur-

ing felling and cutting assortments,

— type of cut assortments,

— method for arranging assortments on
the site.

In every started task the operator has
to devote time for:

— programming of board computer,

— checking accuracy of measurements
executed by the harvester’s head.
The hitherto observations and infor-

mation of machine users point out that it

needs always from 0.5 h — on open fell-
ings and at cutting of two assortments of
different length to 1 h — in thinning or

harvesting of bigger number of more di-

versified assortments.

Assuming average value of the task
identification time (t;1) one can calculate
the total time for these operations:

T =ty -n, [h]

Necessity of proper machine protec-
tion during night parking and during free
days calls also for appropriate prepara-
tion of the equipment parking base. Usu-
ally, these are not constant bases, there-
fore, the passage to them calls for proper
organization and functional adaptation,
namely:

— preventing access of outsiders,
— enabling execution of daily mainte-
nance of machines,
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— securing of materials needed for daily
operation of machines (fuel, lubri-
cants, chain saws).

The users’ information point out that
the time needed for base preparation
ranges from 2 to even 4 h, depending on
state of base and the assumed require-
ments.

Taking into consideration that it is
substantial time, the organizers of har-
vester’s work should plan the machine
parking places so, that every base can
service the bigger number of tasks re-
alized longer than one day. However,
a decrease in number of bases results in
an increase in the distance of machine
travel to them.

Considering the method for utiliza-
tion of bases one can distinguish the two
extreme cases:

— machine will stay in every base only
once (many subsequent days),

— execution of every task calls for prep-
aration of a “new base”.

The total time for base preparation on
considered area will be included in the
following interval:

t72 - M < Tro(maq) < tzz - N, [h]

where t7, is preparation time for one
base in h.

General equation that corresponds
with various conditions of harvesting
can be written as follows:

T =t Ny 1172 [

where: 77, is coefficient included in the
range:

&3777231
z
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Phase of breaks (Ts-s)

Two groups of breaks in operation were
taken into consideration. The breaks es-
sential for operator and caused by his
evacuation and also the technical and
technological breaks. These breaks will
be considered together, with their as-
sumed share in the working day. These
times during a single working day can be
described by dependence:

Tas=a-To

Time of breaks related to realization
of all tasks on the investigated area will
be determined by equation:

C C
T3is = - Toy

where:

T4 5 — total time of breaks;
o — coefficient of break time.

The carried out initial investigations
point out that during one working shift
(480 minutes) the sum of break times
ranges from 30 to 90 minutes. There-
fore, one can assume that average val-
ue of break time coefficient equals to
o =0.15.

Not utilized time of working day (T73)

The next distinguished phase of work-
ing day is its not utilized part. In known
references this part of working day was
not hitherto considered, although — as
it is evident from observations — it can
significantly affect the effectiveness of
multifunctional machine utilization. In
the case of harvester operation in small
felling sites and with limited time of
working day, the operator has to decide
where to go: to the next task or to the

base. If time of working day is limited,

the cases of earlier passage to base can

occur. In such situation the not utilized
time should be regarded as the lost time.

As it is evident from the method of
harvester operation, none of the phases
started on a given day cannot be inter-
rupted. If it is assumed that the working
day time cannot exceed a given value
(e.g. 8 hours), the start of next task ex-
ecution can occur only, if machine pas-
sage to base and its organization will
be terminated within the assumed time
limit. Therefore, the not utilized time de-
pends on the next phase duration.

Apart from special case, when the
task execution is completed with the har-
vester passage to base, one can consider
the two following cases:

— task is not completed and calls for
repeated machine arrival on the next
day,

— completion of task occurs within the
assumed limit and possibility of pas-
sage to the next task is considered.
These two cases are presented in

Figure 2.

In the first case the maximal value of
free time can be at most slightly lower

0] te1 (i) (i+1)

k

FIGURE 2. Diagram of machine passages in the
final part of working day: when i-task is not com-
pleted (full line) and when i-task is completed and
new task is started i + 1 (broken line), k — base
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than the cycle time (t.). In the second
case, when machine is moved to the place
of task i + 1 (travelled distance - I,,) the
operator has to identify the working
conditions (t7;) and manage to execute
at least one operation cycle (t;), to com-
plete the working day prior to passage to
the k-base or the next one. Since the time
of cycle is very short when compared to
other phases, the minimal operation time
anticipated for a given day for task re-
alization should be greater than time of
one cycle, so the operator could justify
the change in harvesting site. Practical
experiences showed that it should not be
lower than 0.5 h. In this case the maximal
free time will be slightly lower than the
following sum of: passage time (l,,/v4),
task identification (t7;) and minimal op-
eration time of 0.5 h. If it is assumed that
the cycle time is small (close to zero), the
range of changes in not utilized time will
be equal to:

I
T3 =Ny 7173 - (tn + 2+ 05) =
Vi

1
:nd~7773-(t71+—~ =
Vi - Ny

+ o.5j [h]

Coefficient 773 is a characteristic pa-
rameter for real conditions of harvest-
er’s operation and its value can range to:
n73={0; 1}

The presented mathematical descrip-
tion of harvester’s operation enable to
consider its possible effects under ex-
treme working conditions: most favour-
able — that assure the highest productiv-
ity (upper boundary) and unfavourable
(lower boundary) — that cause the least
productivity.

To execute all the tasks by harvester
in possibly shortest time (upper bound-
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ary) and achieve the highest operating
productivity, the harvester’s time bal-
ance (apart from operation time — Ty,
and time of breaks — T35 will contain
also the time of passages between tasks
— Tg1 nd time of task identification — T4.
It was assumed that under these condi-
tions the machine parking bases do not
occur; it eliminates not only the time of
passages between tasks and bases, but
also the times of organization and tak-
ing bases and not utilized time of work-
ing day. The operator has no alternative
— upon completion of task he proceeds to
the next one. Under such conditions, the
determined coefficient values amount to:
n61 =1, 162 =0, n72 =0, 73 = 0. Consid-
ering them, one can obtain the equation
for total time of task realization on the
selected area (forest inspectorate area) in
the form:

ng 1
Zlnj g+ ——— NS N+t Ny
_ =

10-vy
1-«o

Tor (h]

Under conditions of lower boundary
it was assumed (apart from Tg, i T3 5)
occurrence of the following times of:
passages between all tasks, tasks and
bases, identification and taking bases and
not utilized times (to maximal degree).
Under such conditions, the coefficient
values amount to: 76, = 1, 5o = 0.71,
n72 =1, ng1 = 1, Upon their substitution
into equation, the following form was
obtained:

1 i
0w SNtz Nz +ngctp
Vi

[hl
-1 JS (142 1
l-a-— LO'Vz [—ﬁ+ﬂj+t7l+0.5}

The knowledge of times of isolated
working day phases does not provide

C
To7 =
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a full picture of working day. There-
fore, using the working phases described
above and their duration, values of the
following balance indices of working
shift time were defined and determined:
— operation time

T _Qily

T Torf

Ao =

— time of breaks

Tis

To7

— time of passages between tasks

To1 61
P S oy

T(;:7 - 10- I T0C7

Ms=a=

— time of passages to bases

Teo 2 Nep

To 272 |[S
Tz 10-vp-Toz V1

— time of task identification

Ao =

C
2 T _tyeng
1T ¢ T c
To7 To7

— time of organization and taking bases

Th _ npitpen
A= o =T o
To7 To7
— not utilized time

Az ===
To7

ZE'[t7l+ ! : ’i+05J

In every case the time of subsequent
phases’ duration was related to the to-
tal time of working day. Such approach
enables to learn the structure of working
time utilization and to point out direction
of actions that can improve operational
effectiveness of multifunctional ma-
chines in Polish forests.

CONCLUSIONS

Application of large-productivity ma-
chines has become a real fact in Polish
forestry. Besides advantages connected
with shorter time of realization, the most
important advantages of this technology
include improvement of work safety and
quality of produced cut wood assort-
ments. However, obtaining expected
productivity, thus, the reduced specific
costs of harvesting is strongly deter-
mined by organization factors. It is evi-
dent from dependences presented in the
paper, that some parameters as the area
where tasks are realized and number of
tasks determine duration of majority of
distinguished phases of working day.
The developed mathematical model for
working day of the multifunctional ma-
chine enables to point out at factors that
determine most the working day struc-
ture of the machine and its operational
economic effects.
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Streszczenie: Analiza wykorzystania czasu pracy
harwestera — model matematyczny. Warunkiem
stosowania maszyn o duzej wydajnosci do pozy-
skiwania drewna jest uzyskanie kosztéw jednost-
kowych poréwnywalnych, a najlepiej nizszych
w pordwnaniu do kosztéw tradycyjnych technolo-
gii. Wysokos¢ tych kosztow jest scisle uzaleznio-
na od wydajnosci eksploatacyjnej maszyny — wy-
dajnosci odniesionej do catkowitego dziennego
czasu pracy. Podjete rozwazania maja na celu
okreslenie struktury dnia roboczego oraz stwo-
rzenie modelu matematycznego, ktdry umozliwi
okreslenie znaczenia i wptywu czynnikéw przy-
rodniczo-lesnych i organizacyjnych na wykorzy-
stanie czasu roboczego. W badaniach uwzgled-
niono wiele nieprodukcyjnych faz, takich jak na
przyktad: czas przygotowania i zajmowania baz
postoju maszyny, czasy przejazdoéw do baz, czas
niewykorzystany. Sformutowano takze zaleznosci
okreslajace czas trwania poszczegélnych faz oraz
wskazniki bilansowe czasu zmiany roboczej.
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