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The paper deals with the possibilities of reducing the consumption
of electrical energy of the impact screwdriver during the assembly of fixed
threaded joints. The recommendations related to a decrease in electrical energy
consumption would allow reducing product costs but so far there have been
no such recommendations from the producers of the tool as to the effective
operating regimes of the impact screwdrivers in relation to electrical energy
consumption and necessary tightening moment of the nut.

The aim of the study is to find out the economical operating mode of the
electrical impact screwdriver when assembling fixed threaded joints. By vary-
ing the set speed of the rotor head and working time of the impact mechanism,
there is an opportunity to determine electrical energy consumption of the tool
for the given tightening moment.

The results of the experiment show that at the same tightening moment
obtained the electrical energy consumption of the impact screwdriver is less at
a higher starting set speed of the rotor head but shorter operating time of the
impact mechanism than at a lower speed of the rotor head and longer operating
time of the impact mechanism.

Keywords: assembly process, electric energy consumption, impact
screwdriver, threaded joints

1. INTRODUCTION

Electrical impact screwdrivers have experienced an extensive application in
the process of assembling fixed threaded joints. Impact screwdrivers have a whole
set of advantages over similar hydraulic or pneumatic tools, one of which is the
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ability to adjust the rotational frequency of a chuck, a relatively low weight, as well
as their efficiency. The tools of this group are used in various technical fields, includ-
ing automobile production, heavy industry, chemical industry, and others. Among
the main technical parameters of the electrical impact screwdriver the following can
be mentioned: the power, the number of RPM, and the maximum torque. Impact
screwdrivers differ from ordinary (non-impact) analogues with their greater reached
tightening moment with less output in the case of the tool. Such an effect is reached
because the nut or the head of the screw is under the influence of not permanent at-
tractive force but of the whole set of powerful, but relatively short impacts that are
directed towards the tangent against the head of the screw. If the tool changes the
tightening regime onto the impact-tightening regime, the rotational frequency of the
rotary head decreases dramatically, though the resulting moment increases and the
total value is the same as the sum of a single moment of each impact and it can reach
up to 1000 Nm or even a higher value [1].

On the basis of the literature survey it has been concluded that the reduction
of the energy consumption of electric motor is quite a topical problem, which re-
ceives much attention. Different studies have been performed in connection with the
increase in the efficiency coefficient of electric motor [2]. Certain studies are known
in which the load mode selection of an electric motor is analysed [3], [4]. The de-
pendence of tightening moment on the tension, steering angle and other parameters
is also researched [5]. However, there are no studies which investigate the reduction
of electric power consumption using the working tool in the working process and
changing operating modes when assembling fixed threaded joints. The manufac-
turer’s instructions attached [6] also do not have any recommendations for the most
economical regimes of an impact screwdriver that acquire the necessary tightening
moment. It is possible to determine the working regimes of an impact screwdriver
theoretically knowing the initial data of the electric motor, parameters of the gearbox
and the load of the motor [7], [8]. However, the calculations are rather complicated
and the sheet of the initial data for the electric motor is not always easily obtained.

The research helps draw manufacturer’s attention to the electrical energy con-
sumption possibilities during the operating mode of the tool, by selecting the most
economical working regime. Selection of uneconomical operation mode can signifi-
cantly increase power consumption and reduce the lifetime of the instrument, which
in turn leads to an increase in product costs.

2. THE MATERIALS AND METHODS APPLIED IN THE RESEARCH

The created equipment (see Fig. 1a), which allows determining electrical en-
ergy consumption of the screwdriver at various working regimes, consists of an elec-
tric impact screwdriver Bosch GDS 18 E fixed to the moving part of the stand 2. The
stand is fixed to the metal plate /0 with the dimensions 300x450x40 mm, which, in
its turn, is mounted to the non-moving base. Screw tongs 7 are fixed to the base of
the stand to fix two metal plates 6 with the dimensions of 90x85x12 mm and bolts
with the help of L-type cantilever. Bolts M16 with the length of 40 mm and strength
of 10.9 according to DIN 933 standard have been selected for the experiment.
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The electric impact screwdriver Bosch GDS 18 E has been connected to the
network with the help of the controller 9, which is operated from the computer. The
impact screwdriver is moved vertically by the handle 3. Dynamometric key Stahl-
wille Manoskop 730D/20 11 is used to determine the tightening moment after the
moment of unscrewing. To determine the power, the USB oscilloscope (PicoScope
2205) 5 has been applied. The turns of the rotary head have been measured using the
manual tachometer ALLURIS 8.
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Oscilloscope
voltage sensors

b)

Fig. 1. Measuring equipment:
a) image of the experimental equipment; b) block scheme of the equipment

1 — impact screwdriver; 2 — moving part of the stand; 3 — handle; 4 — power unit;
5 — USB oscillograph; 6 — metal plates; 7 — screw tongs; 8 — manual tachometer;
9 — controller; 10 — metal plate; 11 — dynamometric key.

The equipment consists of the controller, in which corresponding software
has been installed to secure its operation. The controller has a microphone attached
to register the start of the operation of the impact mechanism. There is a built-in
relay in the controller for connecting the impact screwdriver to the network and dis-
connecting from it. The controller is connected to the computer. The computer has
special software that allows changing the working time of the impact mechanism,
installing the timer, which comes into operation from the increasing sound level (see
Fig. 2). To register the current and voltage, the USB oscilloscope has been used,
which receives the signal from the current and voltage transmitters. A resistor with
resistance of 0.05 Q has been used as a current transmitter. A voltage splitter consist-
ing of two resistors has been used as a voltage transmitter. A voltage splitter is ne-
cessary because the oscilloscope is able to work with the voltage up to 20V. Having
processed the obtained voltage in the working environment of Picoscope software, a
scheme of the consumed energy has been received, on the basis of which the amount
of the consumed electrical energy has been calculated. The screwdriver has been
operated with the help of the relay, by means of which it is plugged to the AC
network, which is installed in the controller. The initial turns of the rotary head
of the impact screwdriver have been set with the help of the controlling button
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determining them by the manual tachometer. At each set value of the turn and work-
ing time of the corresponding impact mechanism there have been 10 measurements
taken (in total 90 measurements).
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Fig. 2. The interface of the controlling block
(horizontal red line — the sound level of the timer operation).

The signal in the Picoscope 6 software environment has been taken with 2:10°
readouts per second and 8bit resolution. The second channel voltage in the oscillo-
scope software PicoScope 6 has been recalculated in the equivalent of current, which
has been consumed by the electric motor of the impact screwdriver. In Picoscope 6
software, a chart has been made displaying the product of current and voltage, i.e.,
the corresponding power. Picoscope 6 environment (Fig. 3) allows determining the
average power value in the necessary time interval by multiplying discretization
points (voltage and current) in the corresponding time moments. Thus, there has
been the consumed power for screwing the nut determined. The peaks in the power
graph are connected with the rotational speed adjustment characteristics of the im-
pact screwdriver. The current peak in the impact screwdriver appears in the moment
when the control element is opened. Due to this fact, one can see the peaks in the
power graph.
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Fig. 3. Working environment of Picoscope 6.
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Changing the initial set turns of the rotary head (720, 960,1200) and the work-
ing time of the impact mechanism allowed determining the consumption of the elec-
trical energy of the impact screwdriver and the tightening moment of the screw (see
Table 1, Fig. 4 and Fig. 5). During the experiment, the difference in the value of
electrical energy consumption at the selected measurement combinations did not
exceed 10 %, but the difference in the values of nut tightening moment in singular
modes reached almost 30 %. Despite it, the results of the experiments gave us some
coherences of nut tightening moment and electrical energy consumption of the im-
pact screwdriver.

Table 1
Electrical Energy Consumption of the Impact Screwdriver during
Assembling Fixed Threaded Joints Depending on the Selected and Initially
Set Turns of the Rotary Head and Working Time of the Impact Mechanism
Turns of the Operating time of the Total electrical energy con- Average tightening
rotary head impact mechanism, | sumption (average value from moment (from
n; min’! timp.; s 10 measurements) 10 measurements)
E;J M, N'm
0.5 568 22
720 2.0 1296 47
3.5 1918 75
0.5 584 54
960 2.0 1329 98
35 2082 127
0.5 678 115
1200 2.0 1626 131
3.5 2461 157
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Fig. 4. Electrical energy consumption depending on selection of the initially set turns of the rotary
head and fixed working time of the impact mechanism.
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Fig. 5. Tightening moment of the screw depending on the value of initially set turns of the
rotary head and electrical energy consumption (the graph is built using an orthogonal
compositional planning method [9]).

3. RESULTS

Analysing Fig. 4, one can see that the electrical energy consumption for the
given impact screwdriver ranges from 238 ... 263 % depending on the working
time of the impact mechanism (0.5, 2.0 or 3.5 s) and at constant initially set turns
of the rotary head. However, dependence on the initially set turns of the rotary head
(720, 960 or 1200 min') and constant working time of the impact mechanism is
19 ... 28 %. Thus, assembling fixed threaded joints the most economical operating
mode for the impact screwdriver is at a higher starting set speed of the rotor head
but a shorter operating time of the impact mechanism than at a lower speed of the
rotor head and longer operating time of the impact mechanism. For example, if one
chooses 100 N*m high value of tightening moment for bolt M16 it can be imple-
mented by setting the speed of the rotor head of 1142 rpm and 0.5 s for the impact
mechanism operation period (Fig. 5, point 1b). The same can be achieved by setting
the speed of the rotor head of 835 rpm and 3.5 s for the impact mechanism opera-
tion period (Fig. 5, point 2b). The first assembly mode is more effective considering
electrical energy consumption where electrical power consumption is only 656 J
(Fig. 4, point 1a) instead of 1997 J (Fig. 4, point 2a).

4. CONCLUSIONS

Such an algorithm of the method could be applied to any kind of impact screw-
drivers. Difference in electrical energy consumption at the same tightening moment
between one and the other assembly variant (at a higher starting set speed of the rotor
head but a shorter operating time of the impact mechanism or at a lower speed of
the rotor head and longer operating time of the impact mechanism) will be higher at
greater difference in the operating time of the impact mechanism.
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At a lower rotational speed of an electric motor, it operates in the mode in
which it develops lower torque; therefore, it is not possible to obtain a high tighten-
ing moment.

It has been concluded that setting the precise working time of an impact
mechanism with the help of the controller (avoiding unfavourable swing from the
operator’s reaction) as well as setting the initial turns of the rotary head of an impact
screwdriver cannot ensure a precise attraction moment of a nut. This can be ex-
plained by the fact that the attraction process takes place within a very short period
of time.

Rotational speed settings are required in order to get different tightening mo-
ments. Although at a maximum rotational speed the device efficiency is the highest,
it is not possible to achieve tightening moments less than 115 Nm.
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TRIECIENSKRUVGRIEZA ELEKTROENERGIJAS PATERH}L:& ANALIZE,
VEICOT NEKUSTIGA VITNU SAVIENOJUMA SALIKSANU

I. Gringvics, V. Nikisins, N. Mozga, M. Laitans

Kopsavilkums

Dotaja raksta uzmaniba tiek pievérsta triecienskriivgrieza elektroenergijas
patérina samazinaSanas iespg&jam, veicot nekustigu vitnu savienojumu salikSanu.
Izveidota iekarta ar kuras palidzibu, mainot triecienskrivgrieza rotorgalvinas
sakuma iestatitos apgriezienus un triecienmehanisma darba laiku, tika no-
teikts elektroenergijas patérins. Eksperimenta rezultati lauj izprast ekonomiskos
triecienskriivgrieza darba reZimus un parada zinamas sakaribas, pamatojoties uz
kuram, tika izveidotas svarigas rekomendacijas.
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