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Abstract: The article is concerned with the implementation of robotic welding
processes taking into consideration economic, quality-related and social factors.
The robotisation of welding processes has been an ongoing process in the global
market for many years, yet social and economic factors, particularly in Poland,
continue to be responsible for a relatively small number of robotic welding im-
plementations. The study presents the comparative analysis related to welding

costs and efficiency.

Keywords: robotisation, welding economics, direct costs, comparative analysis,

MAG, efficiency

DOI: 10.17729/ebis.2018.2/2

Introduction

Polish entrepreneurs are becoming increasing-
ly aware as regards the need for higher produc-
tion efficiency and competitiveness of their own
companies. As a result, many are investing more
and more in robotisation-based solutions. Ac-
cording to various analyses, the major reason
for robotisation is the necessity of increasing
production capacity and business competitive-
ness as well as the need for improving quality

in production volume and a decrease in product
manufacturing unit costs. A report by the Insti-
tute for Market Economics states that the roboti-
sation of production increases the international

competitiveness and sales volume. An addition-
al advantage resulting from robotisation is the

increased technological advancement of pro-
duction processes. Figure 1 presents advantages

following the installation of robots in produc-
tion facilities [4, 6, 11].
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Fig. 1. Advantages related to robotisation [4]
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Despite numerous advantages resulting
from the robotisation of welding processes,
the very first implementation of robotised sys-
tems should be performed very carefully to
avoid many potential traps and typical mistakes
which could result in efficiency-related prob-
lems and increased running costs. The perfor-
mance of the comparative analysis of welding
efficiency and costs, including an investment in
a robotic welding station, marks the first step
to effective implementation [5, 12, 14].

Objective of publication

This publications aims to compare tradition-
al, i.e. manual, and robotic welding methods
in terms of economic, quality-related and so-
cial factors.

Product and process characteristics

An element used in comparative tests of manual
and robotic welding methods was composed of
one 2.5 mm thick embossed part made in steel
s355McC. The joining of the element required
the making of two fillet welds. Welding con-
sumables used in the welding process were the
following:

— electrode wire according to PN-EN I1sO

14341-A-G4Sil, Bohler, 550 kg,

— shielding gas according to PN-EN 1sO

14175-M20-ArC-8 (92% Ar, 8% C0,) [13].

Operations performed using the robotic weld-

ing station were the following [13]:

1. The staff fixed workpieces in positioners on
the right.

2. After the fixing, the robot moved to the clean-
ing device and stopped at the initial position
waiting for the pressing of the pushbutton
START. The pressing of the pushbutton START
initiated the welding of the elements on the
right.

3. During welding performed on the right side
the staff removed joined elements on the left
side, subjected the elements to visual tests
(rejecting defective ones) and fixed one-el-
ement die stampings on the left. After the
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verification of the fixing and the welding on
the right side, the robot moved to the sec-
ond station. The operator pressed the push-
button sTART and the robot started to make
welds on the elements.

4. The entire process was cyclical.

Analysis of costs and efficiency

Applied formulas

The analysis of the efficiency and costs of weld-
ing processes involved the use of worktime
measurements (time study) according to the
technical worktime standard, information
contained in the documentation of the Weld-
ing Procedure Specification and information
provided by business representatives about
worktime management. The calculations were
performed using the following dependences
[7, 8, 10, 15]:

- weld weight

G=V-y[kg] (1),
where V - weld volume [cm®/m], y - specific
gravity [kg/dm?]

— cost of the wire

K,=G- C, [PLN/kg] (2),
where G — weld weight, C,, - price of the wire
[PLN/kg]

— cost of the gas

K;=G-Cg- E [PLN/kg] (3),

where G — weld weight, C; — price of the gas
[PLN/kg], E - 0.6-1.0 coefficient for the M1G/
MAG method
- labour cost

K= 1.2S,- Ty [PLN/h] (4),

where S, welder’s remuneration with all allow-
ances, Ty~ total welding time
— cost of electric power

Ky = (power P - C,) + (power Q - C,) [PLN/
kWh] (5),
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where C,- price of electric energy, power P —
active power, power Q — passive power
— direct welding costs

K, = Kp+ K+ Ky [PLN] (6),
— arc burning time coefficient
t
W, =—--100% (7)

N

where f, - principal welding time, Ty - total
welding time
— robotic station utilisation degree

n-t,

W, = -100% (8)

E
where n — number of products per year, ¢, — unit
welding time [h], T} - effective robot operation
time per year [h].

Profitability of robotic implementations
in welding processes

The analysis included the development of a for-
mula enabling the verification of economic prof-
itability of robotic implementations in welding
processes. Presented below is the methodolo-
gy applied when developing the above-named
formula. The initial element was the cost of
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manufacturing 1 element (cost per piece). Obvi-
ously, robotic production costs should be lower
than those of manual fabrication. The forego-
ing can be expressed using the following de-
pendence [13]:

(m+n1+p1)> (m+n2+p2)|.

q q
m+n1+p1 >m+7’l2+p2

q

(9)

m+n1+p1-m—n2-p2>0
(n1+p1 )-(na+p2)>0

n; — consumption of energy during manual
welding [PLN/kWh],

p1 — welder’s remuneration including all allow-
ances [PLN],

n, — consumption of energy during robotic
welding [PLN/kWh],

p2 — operator’s remuneration including all al-
lowances [PLN],

q — number of pieces,

m — cost of welding consumables/filler met-
als [PLN].

If (n1+p1)-(n2+p2)>0, the implementation
of robotisation is profitable. In such a case, the
return on investment confronted with manual
welding can be calculated using the following

Assumptions
- number of working days

Time measurement according

Calculation of weld weight in

formulas (2) and (3)

according to formula (4)

) ) S—_— to the Technical Worktime accordance with
- number of changes on a given station Standard f la
- number of pcs/shift andar ormula (1)
|
Y
Calculation of welding ] . .
. Calculation of labour costs Calculation of electric energy
consumables according to N
— costs according to formula (5)

Determination of investment
costs

Calculation of direct welding
costs according to formula (6)

\ 4

Calculation of arc burning time
coefficient and welding station
utilisation degree according to

formulas (7) and (8)

A 4

Fixing of a product market
price and determination of
investment return period

Fig. 2. Diagram presenting the welding cost calculation methodology
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formula [13]:

- L,

(x—»)

i — cost of investment [PLN],
x — gross profit after 2 years — robotic welding
[PLN],
y — gross profit after 2 years — manual weld-
ing [PLN],

L,- number of years.

(10)

Methodology of the comparative analysis

The comparative analysis included several stag-
es. Figure 2 presents the diagram presenting the

methodology applied when calculating weld-
ing costs to determine process efficiency [13].

Analysis

MAG robotic welding

Calculation of MAG robotic welding costs in re-
lation to steel elements
o Assumptions:
o three-shift work, 250 working days;
° 532 pcs/shift = 2128 pes/day = 532000 pcs/
year;
 Calculations:
° t,= 5.3 h/shift = 15.9 h/day = 3975 h/year;
° to = 1.3 h/shift = 4 h/day = 1000 h/year;
° t, = 1.4 h/shift = 4.1 h/day = 1025 h/year;
o Ty = 8 h/shift = 24 h/day = 6000 h/year;
» Weld weight:
oV = (Y2-2.25-2.25) - 25=63.28 mm?>;
oV, = (Y-2.25-2.25) -52,5=132.89 mm?;
o V=V1+V, =196.171 mm>=0.000000196171 m?>;
o p = 7800 kg/m?
> G = V-y=0.000000196171-7800=0.0015 kg;
o Cost of wire:
° K, = 0.0015 kg -7 PLN=0.0105 PLN/piece =
5586 PLN/year;
o Cost of gas:
o K; = 0.0015 kg-0.6-5.7 PLN=0.00513 PLN/
piece = 2729.16 PLN/year;
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Cost of labour:

o Kz =1.2-66.5 PLN/h - 8h=638.4 PLN/shift =
1915.2 PLN/day = 478800 PLN/year;

Cost of electric energy:

o Power P = 342.3 Wh = 0.342 kWh;

o Power Q = 91.86 Varh = 0.0919 kVarh;

° K;; = (0.342 kWh-0.38 PLN) + (0.0919
kVarh- 0.38 PLN) = 0.16 PLN/piece = 85120
PLN/year;

Cost of equipment:

C, = 420 000 PLN;

Direct costs:

° Kz = 5586 PLN + 2729.16 PLN + 478800 PLN
+ 85120 PLN = 572 235.16 PLN/year;

In the first year the company invested 420 000

PLN in the robotisation of the welding sta-

tion, therefore the total cost incurred during

the production of 532000 pieces amounted to:

K; = C+ Kz = 572235.16 + 420000 PLN =

992235.16 PLN;

o Arc burning coefficient:

3975

4
W.=-2.100%=—--100% = 66%
6000

J
N
« Robotic station utilisation degree:

~532000-0,007
R 6000

The market price of one piece (product)
amounted to 8.30 PLN. After producing 532000
pieces, sales revenues amounted to

532000 x 8.30 = 4415600 PLN.

-100% = 62%

In the first year, after taking into consideration
the investment costs, the profit amounted to:

4415600 - 992 235.16 = 3 423 364.84 PLN.

In the second year, the company only incurred
direct costs, without additional investment costs.
As a result, the profit amounted to:

4415600 - 572 235.16 = 3 843 364.84 PLN.

The total profit for two years will amount to
7 266 729.68 PLN.
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MAG manual welding

Because of the fact that in the company consid-
ered in the study the welding process was fully
robotised, the MAG method-based manual weld-
ing was performed at Instytut Spawalnictwa.

Calculation of MAG manual welding costs in re-

lation to steel elements

» Assumptions:

o three-shift work, 250 working days;
° 510 pcs/shift = 1530 pcs/day = 382 500 pcs/
year;

o Calculations:

t, = 3.5 h/shift = 10.5 h/day = 2625 h/year;
to = 1.8 h/shift = 5.4 h/day = 1350 h/year;
t, = 2.7 h/shift = 8.1 h/day = 2025 h/year;
Ty = 8 h/shift = 24 h/day = 6000 h/year;

» Weld weight:

V1= (1/2-2.25-2.25) - 25 = 63.28 mm?;

V,=(1/2-2.25-2.25) -52.5 = 132.89 mm>;

V=V1+V,=196.171 mm>=0.000000196171 m?;

p = 7800 kg/m?;

G = V-y=0.000000196171-7800=0.0015 kg;

Cost of wire:

> K, = 0.0015 kg 7 PLN=0.0105 PLN/piece =
4 016.25 PLN/year;

Cost of gas:

o K; = 0.0015 kg- 0.6 -5.7 PLN=0.00513 PLN/
piece = 1962.225 PLN/year;

Cost of labour:

o Kz = 1.2-30 PLN/h-8h=288 PLN/shift =
864 PLN/day = 216 000 PLN/year;

Cost of electric energy:

o Power P = 131.3 Wh = 0.1313 kWh;

o Power Q = 74.3 Varh = 0.0742 kVarh;

° Ki; = (0.1313 kWh-0.38 PLN) + (0.0742 kVarh-
0.38 PLN) = (0.161 + 0.032)-0.31 = 0.08 PLN/
piece = 30600 PLN/year;

Cost of equipment:

o C,= 35000 PLN;

Direct costs:

° Ky = 4016.25 + 1962.225 + 216 000 + 30600 =
252 578.475 PLN/year.

In the first year the company invested 35000

PLN in the welding power source, therefore the
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entire cost incurred during the production of
382 500 pieces amounted to:

K;=C,+ K, = 252 578.475 + 35000 PLN =
287 578.475 PLN.

The market price of one piece (product) amount-
ed to 8.30 PLN. After producing 382 500 piec-
es, sales revenues amounted to 382 500 X 8.30 =
= 3 174 750 PLN/year. In the first year, after tak-
ing into consideration the investment costs, the
profit amounted to:

3174 750 PLN - 287 578.475 PLN =
= 2887 171.525 PLN.

In the second year, the company only incurred
direct costs, without additional investment
costs. As a result, the profit amounted to

3174 750 PLN - 252 578.475 PLN =
=2922171.525 PLN.

Table 1 presents the comparative analysis
concerning costs related to the welding of the
same number of products.

The profitability of robotic implementation
(in relation to element no. 1) was calculated by
substituting values n; = 30 600, n, = 61 200,
p1 =216 0oo and p, = 344 736 PLN to formula
(n1 + p1) - (n2 + p2). The calculations revealed
that the implementation of robotisation was
not profitable in relation to the same number
of pieces as (1, + p1) — (12 + p2) <O0.

Calculations — summary

— The consumption of welding consumables
was calculated in accordance with techno-
logical data (wps) and time measurements
performed in accordance with the technolog-
ical worktime standard. In relation to 1 piece
(product), regardless of the welding method,
the consumption was the same and amount-
ed to 0.016 PLN/piece.

— The consumption of electric energy by two
stations was measured using specialist equip-
ment developed by Instytut Spawalnictwa.
The measurements revealed that the cost
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Table 1. Comparative analysis of welding-related costs [13]

MANUAL ROBOTIC
Type of weld fillet weld fillet weld
Type of production lot production, 3 shifts lot production, 3 shifts
Number of pieces 382500 382500
Price per 1 piece 8.30 PLN 8.30 PLN
Number of pcs x price 3174750 PLN 3174750 PLN
Investment costs 35000 PLN 420 000 PLN

Costs of welding consumables

wire: 4 016.25 PLN
gas: 1 962.225 PLN

wire: 4 016.25 PLN
gas: 1 962.225 PLN

Cost of electric energy 30 600 PLN 61 200 PLN
Labour costs 216 000 PLN 344736 PLN
Direct costs in total 287 578.475 PLN 831 914.475 PLN
Cost of producing 1 piece (year 1) 0.75 PLN/piece 2.17 PLN/piece
Cost of producing 1 piece (year 2) 0.66 PLN/piece 1.08 PLN/piece
Gross profit (year 1) 2 887 171.525 PLN 2 342 835.525 PLN
Gross profit (year 2) 2922 171.525 PLN 2762 835.525 PLN

of electric energy during manual welding
amounted to 0.08 PLN/piece, whereas the cost
of energy during robotic welding amounted
to 0.16 PLN/piece. As can be seen, higher en-
ergy consumption was generated during ro-
botic welding.

— In relation to conclusion no. 1 and 2, the
greatest savings when implementing roboti-
sation were those of labour costs. Because of
the fact that in the company subjected to the
study manual welding was not performed,
related tests were performed at Instytut Sp-
awalnictwa. The comparative analysis in-
cluded the average remuneration of a welder
in the Silesian voivodeship (province), i.e.
approximately 30 pLN/h. In the company
subjected to the study the remuneration
of operators was higher and amounted to
66.5 PLN/h.

— In relation to conclusion no. 3 and the calcu-
lated level of profitability, the implementa-
tion of a robotic welding station for one type
of product proved unprofitable.

— Asregards timing, the manual production of
382 500 pieces took 250 working days (3 shifts).
The robotic production of the same number
of pieces took 180 working days.
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Because of the fact that the efficiency of a ro-
botic station is significantly higher than that
of manual welding, the analysis also includ-
ed the effect of an increase in production ca-
pacity on the return of investment in relation
to manual welding (Table 2). The obtained re-
sults revealed that the obtainment of required
efficiency and the lowest production costs re-
quired the use of more manual welding stations.
In view of the production organisation (lack of
manual welding stations), process quality and
product quality, the foregoing proved impos-
sible to implement and unprofitable.

Quality

The quality of the products was analysed us-
ing visual tests (vT) and macroscopic metallo-
graphic tests. The visual tests were performed
by the operator or the welder directly after the
completion of the welding process. The mac-
roscopic tests involved two 2 welds containing
manually maG welded joints and maG welded
joints made using the robotic technique. The
analysis of product quality combined with the
analysis of production organisation provided
the basis for the assessment of the quality of
manual and robotic MaG welding process [2].
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Table 2. Comparative analysis of welding-related costs in view of increased efficiency [13]

MANUAL ROBOTIC
Type of weld fillet weld fillet weld
Type of production lot production, 3 shifts lot production, 3 shifts
Number of pieces 382500 532 000
Price per 1 piece 8.30 PLN 8.30 PLN
Investment costs 35000 PLN 420 000 PLN
Costs of welding consumables Wire: 4 016.25 PLN Wire: 5 586 PLN
Gas: 1 962.225 PLN Gas: 2 729.16 PLN
Cost of electric energy 30 600 PLN 85120 PLN
Labour costs 216 000 PLN 478 800 PLN
Direct costs in total 287 578.475 PLN 992 235.16 PLN
Gross profit (year 1) 2 887 171.525 PLN 3423 364.84 PLN
Gross profit (year 2) 5809 343.05 PLN 7 266 729.68 PLN
Time of return on investment 1 year 1 year
Higher profit in relation to
manual welding ) Lyear

The product was subjected to direct non-de- 150 17637:2017 standard. Presented below are
structive tests (vT) performed both general- the detailed test conditions (Fig. 4) [2]:
ly and locally (Fig. 3). Visual tests (vT) were - illuminance of the test joint surface amount-
performed by the unaided eye, following the  ed to 500 Ix;
requirements of the PN-EN 150 17637:2017 stand- — use of an additional light source;
ard. Welding imperfections were assessed in ac- — distance between the observer’s eye and the

cordance with PN-EN 150 5817:2014 [2]. test surface amounted to 50 cm;
— angle of view (in relation to the test surface)
general test local test was lower than 30°;

- good contrast and welding imperfection con-
vexity effect were obtained;

— tests were performed using joints in the as-
made state.

h

?%’ B

"
.,
"

o

Fig. 3. General and local direct visual tests [2]

L <600 mm

During the visual tests the optical path
(Fig. 3) between the observer’s eye (operator
and welder) and the area subjected to examina-
tion remained unobscured. The above-named
personnel were knowledgeable about related
standards, regulations and technical require-
ments as well as enjoyed good vision checked
every 12 months [2]. The visual tests were per-
formed following the regulations of the PN-EN Fig. 4. Schematic VT conditions [2]

-

Recommended
illuminance
E=500Ix
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The assumption adopted in industrial prac-
tice states that the examination of a weld and
a 10 mm wide zone (on each side of the weld)
ensures the satisfaction of all requirements con-
cerning all of the zones of a welded joint (i.e.
the weld, the heat affected zone and the weld-
ed material adjacent to the HAZ). The tests en-
abled the identification of selected geometrical

features of the test welds. However, the above-
named dimensions should be treated tentative-
ly as, in some cases, the HAZ could be much
wider or the weld could contain welding im-
perfections. To establish quality-related facts
it was necessary to perform macroscopic tests,
the results of which are presented in Table 3.

Table 3. Comparison of the quality of the welds [13]

ELEMENT NO. 1

- fillet weld no. 1

Manual welding

Robotic welding

Imperfections

Welding imperfections:

- excessive convexity (fillet weld) according to
PN-EN ISO 5817 (503) quality level C - short
welding imperfection

— improper edge of the weld according to
PN-EN ISO 5817 (505) quality level D,

- excessive asymmetry according to PN-EN ISO 5817
(512) quality level C,

Welding imperfections:
Lack of imperfections
according to PN-EN ISO 5817, quality level B

ELEMENT NO. 1

- fillet weld no. 2

Imperfections

Welding imperfections:
— lack of penetration - failure to satisfy the require-
ments of quality level D
- inappropriate edge

22
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Welding imperfections:
Lack of imperfections
according to PN-EN ISO 5817, quality level B
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Factors affecting the implementation
of robotisation

The comparative analysis concerned with weld-
ing efficiency, costs and quality enabled the
identification of factors affecting the imple-
mentation of robotisation in welding process-
es. The identification of qualitative, economic
and social factors also involved the author’s in-
dividual experience and consulting experts at
welding robotisation. The above-named fac-
tors are discussed in detail in the remainder
of the article.

Method/Material

Inappropriate process organisation

The organisation of the process is affected,
among other things, by procedures, instruc-
tions, specifications etc. Welding documen-
tation is developed by specialists representing
the top two competence levels, i.e. welding en-
gineers or welding technologists. The above-
named documentation contains a welding
procedure specification (wps), a welding pro-
cedure qualification record (wpQR) along with
an approved wps, instructions related to weld-
ing work checks (welding process check), re-
ports concerning the assessments of welded
joint quality and a welding log. The above-
named documentation should be developed in
the same manner, regardless of whether a weld-
ing process is manual or robotic.

Other factors affecting the process in terms
of organisation include standards and legal
regulations. When implementing standards,
regardless of a welding technique (manual or
robotic), it is necessary to comply with imple-
mented quality systems and standards related
to a given structure. In addition, production
should follow valid legal regulations and the
end product should not pose any risks to the
health and safety of potential users. Complying
with recommendations of quality management
systems, standards and valid law regulations
also positively affects costs.
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Another factor is the so-called know-how, i.e.
specific technical knowledge related to a given
area. As regards welding, know-how stands for
the ability to manufacture a product or struc-
ture. Both manual and robotic welding require
the development of technologies, the adjust-
ment of parameters and the design of a pro-
cess in terms of organisation. Know-how also
affects costs and quality both in manual and
robotic welding [15].

Welding imperfections

The macroscopic metallographic tests revealed

that welding imperfections were primarily pres-
ent in manually MAG welded joints. In most cas-
es, the welds made using robotic MmaG welding

or hybrid, i.e. laser + MAG, welding were char-
acterised by higher quality than those made

using manual welding. Welding imperfections

undoubtedly affect the quality of end products

and the quality improvement model therefore

should be allowed for when developing the

above-named model [2].

Raw materials/semi-finished products/
substitutes

As regards raw materials, semi-finished prod-
ucts or substitutes, the most important factors
affecting adversely the quality and costs of the
process and those of the product are improp-
erly adjusted parameters related to a product
or a wrong welding method, defective mate-
rials and materials improperly prepared for
welding. Defective materials can be provided by
a distributor but also may result from improper
storage or wrong pre-weld material preparation.
The use of a defective material or improperly ad-
justed welding parameters can lead to the for-
mation of welding imperfections, significantly
reducing the quality of end products or even
of the entire structure. Also in this case it is of
no significance whether the welding process is
manual or robotic. The improper use of a mate-
rial can be also caused by the improper mark-
ing system and organisation-related problems.
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Table 4. Qualitative factors affecting the implementation of robotisation in

welding processes; (“X” - effect, “0” — no effect, “X*” - positive effect in com-

parison with manual welding) [13]

Effect on costs and quality in:
No. Factor manual | robotic | hybrid
welding | welding | welding
1. METHOD/MATERIAL
1.1. Wring process organisation
Procedures X X X
Standards and laws X X X
Know-how X X X
1.2. Welding imperfections
Longitudinal crack X X* X*
Incomplete fusion X X* X*
Porosity X X* X*
Worm-hole X X* X*
Weld overlap X X* X*
Undercut X X* X*
Excess weld face penetration X X* X*
Improper weld thickness X X* X*
Lack of penetration X X* X*
1.3. Raw materials, semi-finished products, substitutes
Improperly adjusted parameters
related to a product X X X
Defective material X X X
Wrong components X X X
Material }I;p&(;}la;rrll)é prepared X X X
Wrong system of material
° }r’narking X X X
2. HUMAN FACTOR
Lack of competence X @) O
Lack of involvement X O O
Delays X O O
Low or lack of ethics X O O
Improperly adjusted
“EQUIPMENT” A
Material losses X O O
Impropgrly performed X 0 0
welding process
3. MANAGEMENT
Lack of control X X X
4. EQUIPMENT
Material losses X X X
Improper operation X X X
Power failures X X X
Wrong parameters X X X
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The above-named errors can
be eliminated by the precise
material coding system which
should remain unchanged
throughout the process. For
instance, a simple designation
method is the colour-marking
of products (e.g. using paint)
directly after their acceptance
from the manufacturer [15].

Human factor

Welding personnel’s compe-
tence is of great importance,
particularly in terms of process-
es performed manually. Weld-
er's manual skills, knowledge
and experience substantially
affect the quality and costs of
structures. According to relat-
ed analytical reports, the Pol-
ish market has been suffering
from the lack of qualified weld-
ing personnel for several years.
An additional problem is the
lack of worker’s involvement.
In manually performed pro-
cesses the above-named factor
significantly affects the timeli-
ness and quality of order pro-
cessing. Overly low work ethic
of welding personnel may re-
sult in the making of welded
joints not satisfying quality-re-
lated requirements. In the worst
case, the structure may not only
be useless but put user’s life
and health at risk. Competence
and involvement are also relat-
ed to other factors including,
among other things, improp-
erly adjusted equipment and
an inappropriately performed
welding process [1, 3, 9].
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Management

Welding coordination personnel are tasked
with the control of work organisation. Weld-
ing processes should comply with related safe-
ty rules and regulations. In addition, welding
coordination personnel should enforce the ob-
servance of procedures. The lack of appropri-
ate control may lead to improperly performed
welding processes, affecting quality, costs and
efficiency [1].

Equipment

Primary factors adversely affecting equipment-
-related quality and costs include improper
operation, material losses and wrongly ad-
justed parameters. An external factor nega-
tively influencing the performance of a welding
process is a power failure.

The comparative analysis focused on the
quality, eficiency and costs related to weld-
ing processes performed using three different
methods, i.e. manual maG welding, robotic maG
welding and hybrid, i.e. laser + maG, welding
as well as the analysis of reference publications
and talks with experts enabled the identifica-
tion of factors affecting the implementation of
robotisation in welding processes. The factors
analysed in relation to quality, efficiency and
costs are presented in Table 4.

Summary

The article presents the extensive analysis of ef-
ficiency and costs of manual and robotic MmaG
welding. The analysis involved the development
of a formula enabling the identification of ro-
botisation implementation profitability and
the return-on-investment period contrasted
with manual welding. The work included weld-
ing time measurements, i.e. process time study,
the identification of material and energy con-
sumption as well as the determination of total
costs connected with the welding of an element.
The greatest savings when implementing robo-
tisation were those of labour costs. Because of
the fact that in the case subjected to study the
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welder’s remuneration rate was lower than that
of the operator, the analysis of implementation
profitability degree per 1 piece proved insufh-
cient. In addition, in view of the fact that the
efficiency of a robotic welding station is sig-
nificantly higher than that of manual welding,
the analysis involved the effect of an increase
in production capacity on the return on invest-
ment confronted with manual welding. As can
be seen above, the identification of robotic im-
plementation profitability requires the analysis
of numerous factors. The macroscopic metal-
lographic tests revealed that welding imperfec-
tions were primarily present in welded joints
made manually (MAG). In most cases, the welds
made using robotic MAG welding were char-
acterised by significantly fewer welding im-
perfections than those formed during manual
welding. As a result, it could be concluded that
properly prepared elements and the selection
of an appropriate welding method favourably
affect the quality of welded products.

The study also involved the identification of
qualitative, economic and social aspects con-
cerned with the implementation of robotisation
in welding processes. The above-named fac-
tors confirmed that the use of welding robots
has a significant and positive impact on prod-
uct and process quality as well as on costs and
work conditions.
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