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Abstract. This time study assesses time consumption and productivity of EQUUS 175N
cable-grapple skidder. Within the time study 34 work cycles were measured, and 9 snapshots of
work day were taken. In the study was used methods of continuous time study. The result show
that the overall time consumption of the work cycle of the monitored cable-grapple skidder is
influenced by skidding diatance and number of logs in a load. Non-operation times of the skidder
operator shift represent 27 % with the highest pert taken by the machine defaults repair. The
mean gross production rate of the monitored skidder was 5,85 m>.h!. The aim of the present
study was to: (i) assess the impact of production factors on the time consumption of individual
partial work operations of EQUUS 175N cable-grapple skidder; (i1) find out and compare the
productivity of monitored skidder.

Key words: time study; time consumption; cable-grapple skidder; skidding; production
factors productivity

AnHOTanus. B 5TOM HcclieioBaHUN OIEHUBAIOTCS 3aTpaThl BPEMEHU M MPOU3BOAUTEIb-
HOCTh TpenieBouHoro tpeneBouHoro Tpaktopa EQUUS 175N. 3a Bpemst uccieoBanusi ObUI10 U3Me-
peno 34 pabourx IUKIIA U IPOBEIEH XPOHOMETpax 9 pabounx nHei. [Ipu nccnenoBaHum UCMONB30-
BAJICh METOJIbI HEMPEPHIBHOTO M3YyUECHHUSI BpEMEHH. Pe3ynbTaThl OKa3bIBAIOT, YTO 00IIEe Bpems,
3aTpayrMBaeMoe Ha PadOYMid MK OTCIICKUBAEMOT0 TPEIEBOYHOIO TPAKTa C KaOEIBbHBIM 3aXBATOM,
3aBUCHUT OT PAaCCTOSIHUS CKOJIBXKEHUS M KOJIMUECTBAa OpeBEH B Harpy3ke. Bpemst mpoctoes omnepartopa
TPEJIEBOYHOI0 TPAKTOpa BO BPEMsI CMEHbI COCTaBIISIET 27%, MU ATOM HauOoJIbIIee 3HAUYCHUE OTMe-
YaeTcsl MPU PEMOHTE MAILIMHBI 110 yMoTyaHuio. CpeHsis BajloBas MPOM3BOAUTENFHOCT KOHTPOIH-
PYEMOTo TPeIeBOYHOTO TPAKTOpa cocTaBmiua 5,85 mPu'!. 11enbro HACTOAIIErO HCCIEI0BaHMS OBLIO:
(1) oneHuTh BiUsiHUE (PAKTOPOB MPOM3BOJICTBA HA 3aTPaThl BPEMEHH HA OTJIENbHBIC OIEpaluy Yya-
CTUYHOM paboThl KabenbHO-3axBaTHOrO TpeneBoyHoro Tpaktopa EQUUS 175N; (ii) BbISICHUTD U
CPaBHUTH MPOU3BOAUTEIBHOCTD KOHTPOJIUPYEMOT'0 TPEIEBOUYHOTO TPAKTOpA.

KiioueBbie ciioBa: Bpems 00ydeHUs; MOTpPeOICHUE BPEMEHH; TPEJICBOUYHBIN TPaKTOD;
TpeJIeBKa; POU3BOJCTBEHHbIE (PAKTOPHI MPOU3BOAUTEIBHOCTH

Introduction. Harvesting systems, such as those associated with cahinsaw and skidders, are
quite common in Europe ( Borz et al. 2015). The Slovak Republic is no exception. According to the
2007 Green Report, the share of tractor technologies in wood concentration 1 sup to 78%, of winch
forest wheel tractors account for 47,6%. Present day performance standards for skidder technologies
published in the proceedings no 24 of the Ministery of Agriculture and Rural Development of the
Slovak are not current (last issue from 1992). They do not correspond to the current development of
forestry equipment and requirements for modern skidders regarding ergonomics and ecology.

A number of authors from abroad have dealt with time studies of forest wheeled tractors
(Behjou et al. 2008; Mousavi et al. 2012; Borz et al. 2013; Proto et al. 2018; Kulak et al. 2019).
Kluender et al. (1997) studied the productivities of rubber-tired cable and grapple skidders in
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southern pine stands and found that grapple skidders were considerably faster and move
productive than cable skidders. They also indicated that the productivity of this grapple skidding
was sensitive to a skidding distance, sterm size, number of sterms in load and harvesting
intensity. Proto et al. (2018) in his study assesses the productivity and cost effectiveness of John
Deere 548H cable-grapple skidder, including a comparison of winch and grapple configurations.
Najafi et al. (2007) carried out a time study to obtain a mathematical model and to calculate the
production cost. Wang et al. (2004) mentioned that the skidding cycle time was mainly affected
by volume load and skidding distance. Borz et al. (2013) presented in their study that teh time
consumption of overall work cycle of the skidders (TAF 6900P , TAF 657) depends on the
skidding diatnce, winching distance and in case skidder TAF 657 the number of logs was also
another statististically significant factor. Behjou et al. (2008) in time study of the wheled skidder
Timberjack 450C in Caspian forests indicated taht the skidding cycle time was mainly affected
by skidding distance, winching distance and interaction between skidding distance and slope.

Material and methods. Study of the time consumption was carried out in the Univerzity
Forestry Enterprise of the Technical University in Zvolen from 15 September to 25 October 2019.
During the time study 9 snapshots of the work day were taken and 34 work cycles of skidders were
measured. In the study was tested cable-grapple skidder EQUUS 175N. The working group
consisted of two persons including logger and skidder operator. They had several years of experience
with that type of machine and performed all service and most of repair works. Tablel presents the
chrakteristics of the forest stands where the timber skidding was carried out, while Table 2 describes
the chrakteristic parameters of individual momnitored skidder analysed within the study.

Table 1 — Characteristics of forest stands

Subcompartment 727a
Stand age (years) 110
Stand area (ha) 15.84
Stand density 0.81
Slope (%) 55
Species composition (%) |BK 78;JD 13;JH 5;JS3; LM 1
Skidding distance (m) 110
BK- beech, JD- fir, JH- maple , JS- ash , LM- lime

Table 2 — Specifications of the EQUUS 175N cable-grapple skidder

Parameter Value

Engine power (kW) 125
Age of skidder in years 1
Lenght (mm) 6,678
Width (mm) 2,450
Height (mm) 2,870
,Mass (kg) 12,400
Total skidded volume (m?) 360
Number of skidded logs (pcs) 199
Equipment of skidder HC, RO,D, C

HC- hydraulic crane, RC- radio control, C-clambank, D-double drum winch

Measuring the time consumption of cable-gapple skidder was carried out using the methods
of continual time study. Net time work of the skidder operator and two further categories of time
losses, i.e. technical-organisation and personal losses were recorded, as well. Overall work cycle
wheeled skidder was dovided into several elements: travel unloaded, cable relasing, collecting
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time, winching the load, skidder travel to other logs, travel loaded, load unhooking, handling by
the skidder operator and log piling. All work phases were recorded just as if the operator were in
anormal working condition without any special arrangements. A number of variables including
skidding distance, winching distance, number of trees per turn and load volume were measured.
These factors were measured throughout all skidder work cycles. The skidding distance and
winching distance were measurd using a digital laser range finder TruPulse 360B or using a GPS
receiver. The number of logs in a load and wood species were recorded visually. To determine the
logs volume and loading, Huber’s formula volume and collection logs volume in each time of
skidding was used, respectively. In order to develop prediction model for the cable-garapple
skidder EQUUS 175N multiple regresion analysis using the last square method was applied to test
the correlation. STATISTICA 12.0 package was used for the statistical analysis. In order to
examine the goodnessoffit of regression models and to test the co-significance of coefficiebnt, F-
test was conducted. Each coeficient of the work phase models was also tested separately by t-test.
Findings. Table 3 presents the mean time consumption of individual monitored phases of
a work shift of monitored skidder operator, as well as the mean time of the shift. The data indicate
that the net time work is 73% on average, and the remaining 27% covers non-operation time of the
shift (machine defaults repair, biological and recreational breaks etc.). The highest average
percentage of non-operation time was recorded with the machine defaults repair 5.5% followed by
technical-organizational losses 5.4%, whereas the lowest average percentage is represented by
Personal losses 0.1%. The average shift lenght of monitored skidder operator in this study
represents 461 minutes (7.68 h) being 19 minutes less than the lenght of a standard shift (8 h).

Table 3 — The balance of average consumption of elements shift time of skidder operator

Work shift components EQUUS 175N
min. %
Net time work 337 73
Preparation and termination of work 18 4
Work orders 7 1.5
Technical service of the workplace 15 33
Technical service of the machine 10 2.2
Machine defaults repair 25,5 5.5
Biological and recreational breaks 23 5
Technical-organizational losses 25 5.4
Personal losses 0,5 0.1
Average working time 461 100

The average time consumption for partial work operations, as well as corresponding
average values of production factors of the skidder are illustrated in Table 4.

Table 4 — Descriptive statistics of mean time consumption of elements work operation of
monitored skidder

Element of work operation Mean Minimum ‘ Maximum Stagda}rd

(min.) Deviation
Travel unloaded 7.56 1.47 12.78 2.60
Cable relasing 1.98 0.47 6.40 1.37
Collecting time 8.77 0.07 23.28 4.64
Winching load 8.06 0.40 14.13 3.12
Travel skidder to other logs 4.96 0.22 18.58 3.87
Travel loaded 9.83 1.58 15.80 3.66
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Unhooking load 2.97 0.23 6.10 1.25
Log piling 17.18 1.35 36.95 9.32
Handling 8.05 1.02 23.70 5.50
Total cycle time 70.16 4.74 122.95 25.89
Factors of production

Number of log in load (pcs) 6.00 1.00 12.00 2.28
Load volume (m?) 10.96 0.79 15.68 3.20
Mean tree volume (m?) 1.96 0.79 3.09 0.52
Skidding distance (m) 530.00 200.00 801.00 143.70
Winching distance (m) 18.56 3.00 33.00 6.68

26%

15%

7%

W Travel unloaded

K Cable relasing

[ Collecting time

B Winching load

B Travel skidder to other logs

B Travel loaded

O Unhooking load

B Log piling

E Handling

Figure 1 — The time distribution of elements work operation of cable-grapple skidder
EQUUS 175N

The time distribution of different elements of work cykle cable-grapple skidder EQUUS
175N is presented in Figure 2. Log piling is the most timeconsuming element for EQUUS 175N
cable-grapple skidder (26%) followed by travel loaded (15%) and collecting time (13%). The
statistical chrakteristics of the regresion models for skidder EQUUS 175N are presented in Table
5. F-value and P- value show that presented models are statistically significant.

Table 5 — Statistical charakteristic of models EQUUS 175N cable-grapple skidder based on
regression analysis

Elemental of F-test Constant t-test
Workipg Adj. | F- error
operation R R2 |value p N | Term | b* b* | coeficient | Std.error | t-value | p
Travel 0.85| 0.71 |83.48 | p<0.000| 34 constant -0.592 0.924 -0.641 | 0.526
unloaded xsd 0.85] 0.093 | 0.015 0.002 | 9.136 | 0.000
Cpllectmg 0.76| 0.57 |40.18 | p<0.000| 34 constant -0.285 1.461 | -0.195 ]0.850
time Xn 0.76| 0.114 1.548 0.233 6.646 | 0.000
Winchine th constant 0.477 1.441 0.331 [0.743
10;30 MEe 10.72| 0.48 | 15.83 | p<0.000| 33 | xwd 0.57] 0.132 | 0268 | 0.062 | 4.352 |0.000
Xn 0.30| 0.132 0.433 0.192 2.258 10.031
constatnt -0.319 1.762 | -0.749 | 0.460
Travel loaded [0.76 | 0.55 |21.29 | p<0.000 | 34 | xsd 0.52| 0.143 0.013 0.003 3.614 |0.001
xvl 0.33| 0.143 0.379 0.164 2.301 |0.028
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Unhooking 0.53| 0.26 | 12.45 | p<0.000 | 34 constant 1.281 0.513 | 2.497 10.018
load xn 0.53] 0.150 | 0.289 0.082 | 3.532 |0.001
Log piling 045] 0.17 | 7.98 |p<0.000 | 34 constant 6.517 4.044 1.611 |0.117

Xn 0.45] 0.160 | 1.821 0.645 | 2.825 | 0.008
Total evel constant -7.836 | 11.838 |-0.662 |0.520
ﬁﬁlif v 0.78 | 0.58 |23.91 | p<0.000| 34 | xn 0.45] 0.119 | 5.692 1.358 | 4.192 |0.000

xsd 0.50| 0,119 | 0.081 0.022 | 3.739 |0.000

Xsd — skidding distance, xvl — volume load, xn — number of logs in a load

Discusion. Methoodlogically, the emphasis of this study was on the comparative area
with less attentation paid to the correlation aspects. The main problem of the correlation study is
the multiplicity of influencing factors which was controlled by a detailed division of harvesting
work phases into elements (Bergstrand 1991; Nurminen et al. 2006).

Non-operation shift times represent on average 27% for monitored skidder operator. For
ilustration and comparison Sabo and Porsinsky (2005) in their study indicate higher percentage
32.15% of non-operation time for the Timberjack 240C skidder. The highest amount of non-
operation times — 51 and 43% for cable skidders (TAF 6900P, TAF 657) are mentioned by Borz et
al. (2013) Technical-organizational losses accounted for almost 98% of the delay time. Percentage
of personal delay (0.1%) was low compared to the studies performed (Lotfalin et al. 2011,
Mousavi et al. 2013, Borz et al. 2015). The amount of non-operation shift times of the skidder
operator is affected mostly by the amount of time consumed for the machine defaults repair,
occurrence of technical-organizational losses during the sift. These time losses can be avoided by
planing and organising the work better. The average speed of EQUUS 175N in travel unloaded
was 4.20 km.h™! for comparison the average skidding speed was 25% lower 3.23 km.h'!. The
average gross production rate of cable-grappple skidder was 5.85 m’h' with the mean load
volume 11.27 m*. Most of the studies from abroad mention higher average gross production of ca-
ble-grapple skidders ranging from 6.2 m>.h"! (Mousavi et al.2013) to 21.0 m*>.h"! (Medrski et al.
2010). With a decrease in the number of logs per load , the volume of each cycle decreases, which
has a significant influence on skidding productivity (Nikooy et al. 2013).

The model travel unloaded cable-grapple skidder showed that it was highly dependet on the
skidding distance (Table 5). These results are in accordance with other studies (Wang et al. 2004,
Nurminen et al. 2006, Mousavi et al. 2012). The work elemets operation collecting time takes around
13% of the total time consumption of wok cykle (Figure 2) and it is influenced by the number of logs in
load, wat is in accordance with the study of Mousavi (2012). Time consumption of winching the load is
statistically significantly influenced by the winching distance and number of logs in the load, what is in
accordance with the study of Mousavi (2012). The partial work operation- travel loaded is statistically
significantly influenced by the skidding distance and load volume. These results are in accordance with
the results presented in the study by Marceta et al. (2014). The work element operation unhooking the
load it is influenced by the only number of logs in the load Log piling is the last element of skidding
and it is influenced by the number of logs in each turn. The overal time of the work cycle of the cable-
grapple skidder (EQUUS 175N) operators is a affected by the following factors: skidding distance and
number of logs in the load. Differences between the results of this study and those reported by other
studies may be the consequence of local conditions and work patterns of the operators.
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