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TECHNOLOGIES OF TIMBER ASSORTMENTS HAULING
BY TRACTOR-TRAILER TRAIN SQUADS

Mikhail Smirnov* Yuri Andrianov
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Technological variations of tractor-trailer timber hauling trains teamwork with tractor-mounted grapples (hydraulic
manipulators) and without them are considered. The effective technology of timber assortments loading, transporta-
tion and unloading by tractor-trailer train squad is offered, which allows to reduce idle time of vehicles during terminal

operations and in waiting.
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INTRODUCTION

During last two decades Russia switched over to timber
assortments hauling by tractor-trailer trains from harvest-
ing areas or intermediate yards. The quantity of grapples
for timber as-sortments loading and unloading installed
on those trains increased [01, 03, 07]. Tractor-trailer
trains with grapples frequently work together with those
without them, no technology of their effective joint oper-
ation being developed. With a view of improvement of a
tractor-trailer train squad op-eration, an effective tech-
nology has been developed, allowing to reduce the du-
ration of idle time of tractor-trailer train squad waiting for
loading and unloading [02, 05, 06, 08, 09].

The problems of timber cargoes transportation by motor
transport were considered by many authors [12-18].

Equipping a tractor-trailer train with a tractor-mounted
grapple has both benefits and drawbacks. Working au-
tonomy, i.e. independence of other loading and unload-
ing mechanisms; reduction of time wasted in waiting for
loading and unloading; increase of labor utilization rate;
lowering labor efforts and cost of handling operations,
etc. are considered to be benefitial. Re-duction in allow-
able operating load of a tractor-trailer train conditioned
by the need of carrying a loading device; increase in trac-
tor-trailer train own weight by the weight of the loading
equip-ment and auxiliaries; decrease in the weight ca-
pacity ratio of a bolster to a trailer; growth of spe-cific fuel
consumption, necessary annual mileage, tires wearing,
depreciation charges and cost of timber hauling; neces-
sity of more qualified service may be considered to be
drawbacks [01, 03, 04].

To reduce negative influence of the loading grapple on
technical and economic parameters of self-loading trac-
tor-trailer train work is possible by their joint operation
with tractor-trailer trains without loading equipment [02,
10]. The number of tractor-trailer trains with loading grap-
ples and without them in a squad can be different.
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DISCUSSION AND METHODS

The case with a squad consisting of three tractor-trailer
trains, two of which (No 1 and No 3) are equipped with
loading grapples and the rest one (No 2) is not, present
significant practical interest. For this case two organiza-
tional schemes of a timber hauling process are offered.

First organizational scheme

Timber loading onto No 2 tractor-trailer train is constant-
ly made by No 1 tractor-trailer train, and the unloading
is executed by No 3 one. In this case the trip time of
all tractor-trailer trains will be different. The working time
scheme for one three tractor-trailer train squad trip is
shown in Figure 1.

The quantity of time-based axes on the scheme equals
to the number of tractor-trailer trains. The arrival time of
a tractor-trailer train at the point of loading is marked as
point 1. It denotes the beginning of loading as well. Point
2 denotes termination of No 3 tractor-trailer train loading
and its leaving the point of loading. No 2 tractor-trailer
train is loaded by No 1 tractor-trailer train. Termination
of No 2 tractor-trailer train loading and its departure from
the point of loading are marked by point 3. No 1 trac-
tor-trailer train remains at the point of loading and loads
itself, point 4 corresponding the termination of loading.
No 3 tractor-trailer train arrives first at the point of un-
loading and starts to unload itself, which is marked as
point 5; point 7 denotes termination of the unloading. The
time interval on the second axis between points 6 and
7 corre-sponds to idle time of No 2 tractor-trailer train
waiting for unloading.

After termination of works at the point of unloading (point
8) No 2 and No 3 tractor-trailer trains stand idle wait-
ing for No 1 tractor-trailer train to begin next trip simul-
taneously. The dura-tion of idle time corresponds to the
time interval between points 8 and 10, which increases
the trip duration, reducing the efficiency of shift working
hours use.
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Figure 1: Working time scheme for a three tractor-trailer train squad (scheme 1):
LPM — movement to loading point; UPM — movement to unloading point
EEEEE] . [ = tractor-trailer trains loading / unloading time, correspondingly
idleness when waiting for loading / unloading
W77 — joint work of tractor-trailer trains

No 3 LPM UPM

Second organizational scheme

In order to reduce the idle time of tractor-trailer trains
at the points of loading and unloading and the duration
of trips, the joint work of tractor-trailer trains is offered.
The greatest effect of the second working time scheme
(Figure 2) is achieved when an even number of trips is
performed.

In the first trip No 1 tractor-trailer train loads timber onto
No 2 tractor-trailer train, which is marked as point 1; then
it loads itself, point 3. No 3 tractor-trailer train is load-
ed with timber and begins its movement to the point of
unloading, point 2. It unloads at the point of unloading
(time interval between points 5 and 7), then unloads No
2 tractor-trailer train (time interval between points 7 and
8) and they begin next trip together. No 1 tractor-trailer
train arrives at the point of unloading later than No 2 and
No 3 tractor-trailer trains (point 9), so it leaves for the

First trip

point of loading later as well (point 10). No 2 and No
3 tractor-trailer trains come back to the point of loading
together. No 3 tractor-trailer train starts loading, point 11;
and then it loads itself, point 12. No 1 tractor-trailer train,
having loaded itself with timber, goes to the unloading
point where No 2 tractor-trailer train stands idle waiting
for unloading.

The duration of idle time of No 2 tractor-trailer train wait-
ing for unloading (Figure 2) corre-sponds to the time in-
terval between points 16 and 17. The unloading of No 2
tractor-trailer train is made by No 1 one. All tractor-trailer
trains in a squad finish the second trip simultaneously.
Further the cycle is repeated.

Studies of the suggested working schemes (Figures 1
and 2) for a loading-transportation squad consisting of
three tractor-trailer trains two of which have loading grap-
ples are undertaken with the help of imitating model [02].

Second trip

Figure 2: Working time scheme for a three tractor-trailer train squad (scheme 2)
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The scheme (Figure 3) obtained as a result of prelimi-
nary experimenting with the model shows that given the
identical trip loadings of all three tractor-trailer trains in a
squad, idle time of the tractor-trailer train without a load-
ing grapple is inevitable.
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Figure 3: Changing idle time of No 2 tractor-trailer train
in waiting for loading-unloading (1t scheme)

Increase in trip loading Q,, in comparison with trip loading
of self-loading tractor-trailer trains Q,, allows to reduce
idle time of an object waiting for terminal operations. For
example, given trip loading of self-loading tractor-trailer
trains Q,=10 m® and increase in trip loading of a trac-
tor-trailer train being served Q,, up to 20-25 m?, the aver-
age size of its idle time in waiting for servicing will be in-
significant (3-8 min); given Q=20 m?, trip load Q,, should
make 35-40 m® on the average. The work of a squad
under the second scheme allows to reduce idle time of a
tractor-trailer train without a grapple in waiting for loading
and unloading.

RESULTS

Industrial check of the offered schemes of joint operation
of self-loading and non-equipped with a grapple trac-
tor-trailer trains was carried out at Marlesprom LLC of

the Republic of Mari El. The following tractor-trailer trains
were chosen as research objects: Ural-4320+TMS3-
802+OMTJ1-70-02 (Number plate BO36CK), Ural-
4320+TM3-802+OMTIJ1-70-02 (Number plate B0O37CK),
KamAZ-5320+C3Al1-83571 (Number plate B042CK).
During the industrial check 2000 m? of timber were load-
ed, hauled and unloaded.

The organization of tractor-trailer trains work under the
offered technological scheme (Table 1) allowed to in-
crease their output per shift 1.2 times, to reduce labor
expenditures for basic and auxiliary workers, payment
expenses for labor as well as carrying equipment main-
tenance. Total operational costs decreased 1.2 times.

Under the first working scheme, total idle time in termi-
nal operations for No 2 tractor-trailer train during one trip
amounted to 18.5 per cent of the total duration time of the
trip, as the object being served has to wait at loading-un-
loading point for termination of loading and unload-ing
of a self-loading tractor-trailer train to begin movement
simultaneously. Change of the work-ing scheme of a
loading-transportation squad allowed to reduce idle time
for No 2 tractor-trailer train being served when waiting
for loading and unloading up to 2.8 per cent of the trip
duration time.

When comparing the working schemes of a tractor-trailer
train squad, it should be noted that the same volume of
1000 m? forest products was hauled. The forest products
were taken from one and the same wood cutting area,
the hauling distance was 14 km. So, identical working
conditions were provided for each working scheme, in-
cluding road, loading-and-unloading, and transportation
ones.

As a result the following advantages of the second work-
ing scheme of a tractor-trailer train squad were obtained
in comparison with the first scheme:

+ output of a squad per shift grew by 14.9 m?, i.e. by
23%;
* number of basic workers personnel hours for load-

ing, hauling and unloading of for-est products de-
creased by 10 man days, i.e. by 21%;

Table 1: Comparative characteristics of a tractor-trailer train squad operation scheme

Operation scheme
Parameter name
1st 2nd
1. Timber hauling volume, m3 1000 1000
2. Hauling distance, km 14 14
3. Output of a squad per shift, m%cm 63.8 78.7
4. Labor expenditures of basic workers on loading, hauling away and unloading
48 38
of forest products, man-day
5. Labor expenditures on repair and maintenance of basic equipment, man-day 17.3 16.2
6. Expenditures for fuel and lubricants, rub /m?3 67.38 51.76
7. Specific operational expenses, rub /m? 263.13 222.53
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* number of personnel hours for repair and mainte-
nance of the capital equipment re-duced by 1.1 man
day, i.e. by 6%;

« expenses for fuel and lubricants decreased by15.62
rubles / m3, i.e. by 23%.

The results of the research work are accepted to use
in Marlesprom LLC of the Republic of Mari El. The en-
terprise switched to forest products hauling by a trac-
tor-trailer train squad, using the working scheme offered.

CONCLUSION

The offered operation technology of a squad of three trac-
tor-trailer trains, two of which are equipped with hinged
grapples, allowed to reduce idle time of a tractor-trailer
train without a grapple by 6 times, to lower assortments
hauling cost, to increase productivity and efficiency of
hauling tractor-trailer trains exploitation.
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