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Abstract
The track geometry created with laser metal deposition (LMD) is influenced by various parameters. In this case, the laser power
has an influence on the width of the track because of an increasing energy input. A larger melt pool is caused by a rising
temperature. In the case of a longer welding process, there is also a rise in temperature, resulting in a change of the track geometry.
This paper deals with the temperature profiles of different zigzag strategies and spiral strategies for additive manufacturing. A
two-color pyrometer is used for temperature measurement on the component surface near the melt pool. Thermocouples measure
the temperatures in deeper regions of a component. The welds are located in the center and in the edge area on a test part to
investigate the temperature evolution under different boundary conditions. The experiments are carried out on substrates made
from mild steel 1.0038 and with the filler material 316L. The investigations show an influence on the temperature evolution by
the travel path strategy as well as the position on the part. This shows the necessity for the development and selection of build-up
strategies for different part geometries in additive manufacturing by LMD.
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1 Introduction

Additive manufacturing technologies allow fast component
manufacturing, which can save time and money by the develop-
ment of new machines. Due to the tool-free production, new
design freedom is also created. In order to take advantage of
the potential, a rethinking of the design is necessary [1, 2].
Laser metal deposition (LMD) is already used in industrial ap-
plications for the repair and coating of components in the areas of
toolmaking, turbine construction, and mechanical engineering,
but is also increasingly used in the area of additivemanufacturing
of new parts [3–6]. This requires a more comprehensive knowl-
edge of the process and its control [7]. The production of high-

quality components can only be carried out byway of a complete
process control, since a large number of additional factors must
be considered for additive manufacturing. Therefore, current re-
search projects investigate different areas in this field.

In the case of LMD, a laser beam melts a base material and
powder as filler material, which is fed by a powder nozzle. After
solidification of the material, a layer with metallurgical bonding
without pores and cracks is formed. The process is character-
ized by a small weld pool, resulting in a low dilution of base
material and filler material. Furthermore, the heat input and thus
also the heat-affected zone are small and the cooling rate is high,
resulting in a fine-grained structure [6]. The main parameters
are laser power, powder feed rate, welding speed, and laser spot
diameter. These allow prediction of the track geometry.

The laser power and the welding speed have a substantial
influence on the track width, while the track height is mainly
influenced by the powder feed rate and the welding speed [8].

The component is produced in layers, for which the com-
ponent is sliced into individual layers. One layer can be built
by different travel paths. In order to produce components
which consist of many of these superimposed layers, an even
surface is necessary. Irregularities add up over multiple layers
and lead to error propagation and can influence the mechanical
properties. In general, the overlap rates are between 30 and
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50% [9, 10]. Zigzag and spiral strategies are typical and are
often supported by a contour tool path for higher volumes
[11–13]. Software packages for tool path planning are already
available on the market but are constantly being further devel-
oped, because consistent predictions of the material build-up
are not reliable yet, due to the different environmental influ-
ences during the manufacturing process [14]. The adaptation
of build-up strategies makes it possible to influence the layer
structure and predict constant manufacturing sequences [11,
15]. At the same time, the build-up strategies have an influence
on the welding distortion and the residual stresses [16]. These
interactions must be taken into account by the design of layer
strategies in order to be able to derive an optimal compromise.

The yield strength and ultimate tensile strength of compo-
nents manufactured by LMD have similar or higher values than
forged components. A heat treatment after the production is
often necessary to optimize the elongation properties [17]. The
thermal history influences further mechanical properties like
hardness. Farshidianfar et al. showed a significant correlation
between cooling rate and grain size [18]. A fine-grained micro-
structure could be found with high cooling rates, while coarse
microstructure was detected with a decrease in cooling rate.
Investigations also show that the mechanical properties differ
depending on the direction of stress. Guo et al. examined that
the tensile strength, yield strength, and elongation at stress par-
allel to the layer are higher than parallel to the build-up direction
[19]. A segregation of alloy elements may occur depending on
parameters. Zhong et al. showed this for the powder bed process
selective laser melting [20]. Similar investigations with LMD
already exist for nickel-base alloys. Segregation can result in
phases with undesired properties, e.g., embrittlement [21, 22].
For this reason, it is necessary to prevent this separation to
achieve optimum properties by selecting correct parameters.

During the manufacturing process of 3D components, the
boundary conditions vary due to changing geometries and
thermal effects. This can lead to overheating, resulting in de-
fects such as pores or evaporation of alloying elements, which
adversely affect the density as well as the alloy composition
[23]. A further point is the changes in the track geometry,

which make a prediction of the material deposition more dif-
ficult. This problem has to be solved in order to enable process
automation and thus an application in the industrial serial pro-
duction. In order to ensure constant temperatures and an even
build-up, close-loop control systems have already been devel-
oped. Two variants are used to achieve a constant weld pool
temperature by adjusting the laser power. A variant uses an
image evaluation of the recorded weld pool and adjusts the
process according to the measured pool size [24]. In a further
variant, two-color pyrometers are used to determine the tem-
perature in the weld pool [25, 26]. A proactive control of the
expected effects reduces the necessary intervention by the con-
trol algorithms, e.g., during process start as well as by reaching
edges. This knowledge of the use of adapted build-up strate-
gies leads to a continuous process with improved results.

The different investigations show that extensive knowl-
edge about the process behavior is necessary in order to be
able to choose optimal build-up strategies. This improves the
possible prediction of the properties and quality of compo-
nents produced by LMD.

2 Experimental

In the experiments, different build-up strategies are tested,
which are used in additive manufacturing with LMD. To ex-
amine the temperature behavior under different boundary con-
ditions transverse and longitudinal zigzag strategies as well as
inward and outward directed spiral strategies are studied,
which are shown in Fig. 1. The dimension of the clad area is
15 × 30 mm2. To gain a track width of 2 mm, the following
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Fig. 1 Build-up strategies for
individual layers in different areas

Table 1 Chemical composition of Metco™ 41C

Product name Weight in %

Fe C Cr Mn Mo Ni P S Si

Metco 41C Bal. 0.02 17.3 0.12 2.3 11.9 0.00 0.01 2.5
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parameter set is used: laser power PL = 800W, welding veloc-
ity v = 600 mm/min, spot diameter d = 1.2 mm, and powder
mass flow mP = 4.4 g/min.

The longitudinal zigzag strategy consists of 14 single tracks
with an overlap of 1 mm and a length of 30 mm. The trans-
verse zigzag strategy comprises of 29 tracks with a length of
15 mm. Spiral strategies consist of longitudinal and transverse
tracks with changing lengths. The first track of the inward
directed spiral is a 15-mm-long transverse track. It is followed
by a longitudinal track of 30-mm length. The next transverse
track is 1 mm shorter than the previous transverse track. The
same applies to the longitudinal tracks. All following trans-
verse and longitudinal tracks are 2 mm shorter than the previ-
ous track. The central, longitudinal track is 15 mm long. The
outward directed spiral is manufactured in the reverse order.

The substrate material is mild steel 1.0038 with a thickness
of 6 mm. The strategies are welded on the central area (AC) as
well as on the edge area (AE) of the test piece, in order to
investigate influences on the temperature by using build-up
strategies at different boundary conditions. The dimensions of
the test piece and the position of the areas AC and AE are
shown on the right side of Fig. 1.

The powder Metco™ 41C is used as a filler material and
corresponds to 316L (stainless steel). The exact chemical
composition is shown in Table 1.

Thermocouples (TC) are used to measure the temperature.
Nine thermocouples of type K are attached on the bottom of
the test piece. In addition, a two-color pyrometer records the
surface temperature near the weld pool while welding the
zigzag strategies. The measuring range of the pyrometer
Metis MQ22 extends from 350 to 1300 °C. A distance of
aTP = 2.3 mm lies between laser spot and pyrometer spot to
detect the substrate temperature and to minimize the disrup-
tion by the weld pool. A spot position parallel to the track
allows a measurement independent of direction. The distance
aTP is indicated in Fig. 2. The measuring spot of the pyrometer
is always adjusted as shown in Fig. 2 and measures on the test
piece itself. Furthermore, the influence of the welding direc-
tion for zigzag strategies in center direction (Fig. 2, left) and in
edge direction (Fig. 2, right) are examined.

3 Results and discussion

3.1 The influence of pre and postmanufactured tracks
on the maximum temperatures of zigzag strategies

For the analysis of the different build-up strategies, the maxi-
mum temperatures of the various TCs are used. The thermocou-
ples can be grouped for the zigzag strategies, whereby the three
TCs on one tracks form a group. The groups are reached chro-
nologically in the course of the zigzag strategy from start to end
position. Figure 3 shows the temperature courses of the middle
TCs of the transverse zigzag strategy in the central area. The
middle TCs reach the highest temperature values of a group. It
must be acknowledged, that the maximum TC temperature is
not strictly connected to the passing time of the weld pool on the
upper surface. The start of welding (SOW) corresponds to 6 s.

Group 1 is located right under the first track of the trans-
verse zigzag strategy (Fig. 3b), while the maximum tempera-
tures of this group are reached at 56.5 s, which is after the
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welding process. This is due to the fact that the temperature of
the whole substrate is 25 °C at the start of the welding. The
heat spreads to all sides with a high cooling rate. In the first
6 s, a fast temperature rise of TC group 1 can be seen. After a
time of 16 s, the TC reaches 225 °C and remains nearly con-
stant with a small and linear increase till the end of the welding
(EOW). The curve shows a continuous increase of tempera-
ture of group 2 right from the start and at the time of 13 s the
temperatures are exceeding those of group 1. This is due to the
fact that the whole test piece is accumulating the heat of the
welding process. When the laser reaches the surface of group
2, the temperature is at 375 °C. As in the first group, the
maximum temperature does not occur, while the weld pool
is located directly above the TC. This can be attributed to
the delay due to the heat conduction. For this reason, the
middle TC of group 2 reaches its maximum of 400 °C at
24.4 s, which corresponds with the manufacturing of the
17th track. In contrast to group 1, the temperatures of the
group 2 fall after reaching their maximum value. Group 3 is
located under the last weld track of the transverse zigzag strat-
egy (Fig. 3b) and has the longest preheating time. This results
in the highest temperatures. The zigzag strategy process ends
right above the last TCs and the maximum temperature are
occurring with the last track. The energy input stops with the
EOW and the substrate does not heat up any longer.

3.2 Central area

Figure 4 shows temperature graphs of the zigzag strategies in the
central area, which are recordedwith the pyrometer. Both zigzag

strategies resemble an asymptotic course. In the first 5 s, a rapid
increase in temperature is measured. In the continuing process,
the temperature rises slowly to a maximum of 700 °C for the
longitudinal zigzag strategy and a maximum of 740 °C for the
transverse zigzag strategy. The stronger temperature increase of
the transverse zigzag strategy can be attributed to the shorter
direction changes compared to the longitudinal zigzag strategy.

Longitudinal zigzag strategy Figure 5 illustrates the heat dis-
sipation (a), the heat tint (b), and the maximum temperatures
(c) for the longitudinal zigzag strategy in the central area
(ZZlong, cent) measured by the thermocouples. The bars of this
chart have to be seen in groups, which are reached successive-
ly in the course of the measurement. The bar chart shows that
the maximum temperatures of the groups are gradually in-
creasing. The increase of the middle TCs (5 and 8) is higher
than that of the outer ones.

The temperatures of group 1 - TC 1-2-3 are between 263.59
and 318.69 °C. TC 2 shows the highest temperature. One
reason is the number of welding. TC 2 is reached twice as
often as TC 1 and 3, which lead to a higher heat input. The
surrounding material of the outer thermocouples is colder at
the start with the result of higher heat dissipation, which is
illustrated with red lines in Fig. 5. This fact applies also for TC
5 and 8. Due to the preheating that is described earlier, the
temperature gradient between weld track and substrate of
group 2 - TC 4-5-6 is generally smaller. This results in higher
maximum temperatures than those of group 1 - TC 1-2-3.
They are between 304.87 and 387.01 °C. TC 4 and 6 mostly
dissipate their heat to one side and downwards while TC 5
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primary dissipates downwards (Fig. 5a, middle). Group 3 - TC
7-8-9 behaves similar. Because of the preheating and heat
accumulation at the edge of the test piece, the highest temper-
atures are reached in this group. The lowest temperature of the
third group is about 338.49 °C, which is higher than the max-
imum of group 1 - TC 1-2-3. The highest temperature of group
3 - TC 7-8-9 occurs at TC 8 and is also the absolute maximum
of ZZlong, cent. It shows 456.35 °C. The heat accumulation at
the edge leads to the smallest temperature gradient. The
heating around TC 8 can be seen in the heat tint in Fig. 5b.
The difference between the lowest maximum (TC 1) and the
absolute maximum (TC 8) is 192.76 °C.

Transverse zigzag strategy The thermocouples of the trans-
verse zigzag strategy in the central area ZZtrans, cent can also
be divided in three groups. The bar chart in Fig. 6c shows that
the maximum temperatures of ZZtrans, cent are raising gradual-
ly. Group 1 - TC 1-2-3 lies on the left side and is located right
under the first track. The temperature of the whole substrate is
around 25 °C. This leads to the highest temperature gradients
between weld track and substrate by process start. This con-
text is illustrated in Fig. 6a, left. The main dissipation direc-
tions are positive and negative to the offset direction. Group 1
- TC 1-2-3 is consequently reaching the lowest maximum
temperatures. They are between 237.99 and 248.27 °C.
Group 2 - TC 4-5-6 is passed after the half welding time.
The lowered temperature gradients (Fig. 6, middle) and the
so far accumulated heat lead to higher temperatures. The mid-
dle thermocouple shows the highest temperature of this group
with 400.03 °C. The maxima of group 1 - TC 1-2-3 and group

2 - TC 4-5-6 differ by 151.76 °C. The maximum temperatures
of group 3 - TC 7-8-9 are the highest. This includes that group
3 - TC 7-8-9 has the minimum temperature gradients and
thereby even lower heat dissipation than group 2 - TC 4-5-6.
TC 8 shows 450.70 °C, which is the absolute maximum tem-
perature of ZZtrans, cent. The strongest heat tint is located be-
tween groups 2 and 3 (Fig. 6b). This means that this area is
under the biggest thermal influence. This reflects the observa-
tion that the difference between group 2 - TC 4-5-6 and group
3 - TC 7-8-9 is much lower than that between group 1 - TC 1-
2-3 and group 2 - TC 4-5-6. The maximum temperature dif-
ference in ZZtrans, cent occurs between TC 3 and TC 8 and
amounts 212.71 °C.

Inward directed spiral The TC of the inward directed spiral in
the central area (Sin, cent) can be categorized by the distance to
the center of the spiral (COS). Group 1 - TC 1-3-7-9 has the
largest distance to the center point and is located in the corners
of the spiral. The next nearest distance shows group 2 - TC 4-
6. TC 4 and TC 6 are attached to the middle of the transverse
side. TC 2 and TC 8 are located at the middle of the longitu-
dinal sides and represent group 3 - TC 2-8. Group 4 - TC 5
consists of TC 5 that lies in the COS. The bar chart in Fig. 7c
shows the maximum temperatures that were reached during
the welding. The charts are arranged according to the distance
to the COS.

Group 1 - TC 1-3-7-9 and group 2 - TC 4-6 have the
longest cooling times, before the welding passes this region
again. This leads to high heat dissipation and low maximum
temperatures of about 300 °C. Group 1 - TC 1-3-7-9 shows
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maximum temperatures between 287.70 and 293.00 °C.
Group 2 - TC 4-6 lies slightly nearer to the COS and shows
also slightly higher maximum temperatures. TC 4 reaches
300.86 °C and TC 6 shows a maximum of 310.24 °C. The
heat dissipation of group 3 - TC 2-8 is lower. This is due to the
close proximity to the edge of the test piece. The maximum
temperature of group 3 - TC 2-8 is 416.78 °C. The maximum
of group 4 - TC 5 is 488.49 °C, which is the absolute maxi-
mum of Sin, cent. The tool path results in a heat accumulation,
because of the preheated material. The influenced heat gradi-
ents are illustrated at the left part of Fig. 7a (end). The differ-
ence between the highest and lowest maximum temperature in
the inward directed spiral is 200.78 °C.

Outward directed spiral The TC of the outward directed spiral
in the central area (Sout, cent) are also organized by the distance
to the COS. This leads to the following groups: group 1 - TC
5, group 2 - TC 2-8, group 3 - TC 4-6, and group 4 - TC 1-3-7-
9. Group 1 - TC 5 lies in the center of the outward directed
spiral. Figure 8 (begin) shows the first tracks of the outward
directed spiral. High heat gradients caused of cold substrate
allows a high heat dissipation to all directions. TC 5 is not
passed again and shows the lowest temperature of 294.70 °C.

Table 2 shows the differences of the minimum and maxi-
mum temperature for the strategies in the central area. The
maximum values of the TCs do not show the 40 °C difference
of the transverse compared to the longitudinal strategy, which
is seen in the pyrometer measurements in Fig. 4. The temper-
ature effect is converse with a higher maximum temperature of
the longitudinal strategy. It looks like, that the thermal history
of regions with higher distance to the melt pool is influenced
by the welding strategy.

In comparison of all strategies, Sout, cent has the smallest
maximum temperature with 387.96 °C as well as the smallest
temperature differences with 93.26 °C (24%). This means that
Sout, cent has the lowest thermal influences on lower substrate
regions and the most uniform heat distribution. Therefore, it is
advisable to use outward spirals in central manufacturing
areas.

3.3 Edge area

Zigzag strategies The zigzag strategies are considered in the
following. The longitudinal zigzag strategy with offset in cen-
ter direction ZZlong, cd, the longitudinal zigzag strategy with
offset in edge direction ZZlong, ed and the transverse zigzag
strategy ZZtrans, edge (see Fig. 2 to differentiate ZZlong, cd and
ZZlong, ed). The temperature profile recorded by means of a
pyrometer is shown in Fig. 9. A different course in the curves
of the individual strategies is recognizable. ZZlong, cd has an
asymptotic course similar to the zigzag strategies in the center
area. ZZlong, ed and ZZtrans, edge show a temperature rise
followed by a constant course and a renewed increase at the
component edge. Heat accumulation occurs in the edge area,
since the heat input cannot be dissipated to surrounding ma-
terial. This increases the temperature at the end of the welding
process.

Figure 10 shows the maximum temperatures of the zigzag
strategies in the edge area. The evaluation of the thermocouple
measurement reveals clear differences in the maximum tem-
peratures among the longitudinal zigzag strategies as well as
in comparison with ZZtrans, edge.

The maximum temperatures of ZZlong, cd are illustrated on
the left side of Fig. 10. The values are almost identical and lie

Table 2 Thermal values of
strategies in the central area Strategy Maximum temperature

in °C
Temperature difference
in °C

Temperature difference
in %

Figure

ZZlong, cent 456.35 192.76 42 Fig. 5

ZZtrans, cent 450.70 212.71 47 Fig. 6

Sin, cent 488.49 200.78 41 Fig. 7

Sout, cent 387.96 93.26 24 Fig. 8
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between 509.41 to 549.19 °C, which leads to a maximum
temperature difference of 39.78 °C.

Big temperature changes can be seen in both ZZtrans, edge

and ZZlong, ed. The temperatures increase steadily in the course
of the welding process, and each thermocouple group reaches
higher values than the preceding one.

A comparison of ZZlong, cd and ZZlong, ed shows that the
maximum temperature of the first thermocouple group of
ZZlong, ed is lower than the first thermocouple group of
ZZlong, cd. Thus, the maximum temperature of group 1 - TC
1-2-3 of ZZlong, ed is 441.10 °C and that of ZZlong, cd is
512.71 °C. This is due to heat dissipation in the particular
areas. With ZZlong, ed, the applied heat can be dissipated into
the still cold component during the process start in both pos-
itive and negative welding direction. The process start at the
component edge in strategy ZZlong, cd allows only heat dissi-
pation in one direction and thus leads to a faster increase in
component temperature.

A step change in temperature by 122.61 °C to a maximum
of 573.62 °C is recognizable in group 2 - TC 4-5-6 of strategy
ZZlong, edge, ed; this is already above the maximum values of
the strategy ZZlong, cd. The influence of the heat in the

direction of the component edge is already visible at half of
the process time, which is reflected in a rising temperature.
With a further increase of 126.30 °C in the last group of
ZZlong, ed, a maximum temperature of 699.92 °C is reached.
The middle diagram of Fig. 10 shows a nearly identical tem-
perature within a group. The temperatures of group 1 - TC 1-
2-3 lie within 436.35 and 441.10 °C. Group 2 - TC 4-5-6
extends from 567.96 to 573.62 °C and group 3 - TC 7-8-9
from 697.73 to 699.92 °C. This is due to the influence of the
given heat transfer. The heat accumulates in the peripheral
areas of the external thermocouples, while the middle thermo-
couples are more frequently passed, but the heat can be dissi-
pated in different directions. These result in uniform temper-
ature values.

Step changes in temperature of the transverse zigzag
strategy ZZtrans, edge can be seen in the right diagram of
Fig. 10. These effects occur in the welding direction as well
as within a thermocouple group. Due to the heat accumu-
lation effects, the welding direction leads to an increase, as
can be seen for strategy ZZlong, ed. The level effects within a
group come from the different conditions during the heat
transfer. The closer the thermocouples are to the component
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edge, the stronger the heat accumulation and the corre-
sponding maximum temperature. Only in group 1 - TC 1-
2-3 of ZZtrans, edge is another behavior recognizable, which
is attributed to the low temperature of the component dur-
ing the process start and the starting direction away from
the component edge. The strongest heat build-up occurs in
the corner area of the last welding track. TC 7 measures a
maximum temperature of 833.67 °C, which is the highest
temperature of all the tested layer strategies.

Spiral strategies Figure 11 illustrates the maximum temper-
atures of the spiral strategies in the edge area as well as the
arrangement of the TC and the spiral strategies on the test
piece. The bar chart of the inward directed spiral at the
edge area Sin, edge shows high differences in temperature
within thermocouples of same distance. The position has a
high influence, which can be seen by comparing TC 1 and
TC 3 with TC 7 and TC 9. The thermocouples have the
same distance, while the ones at the edge measure 20%
higher temperatures. This is because the heat dissipation
in the corners of the test piece is reduced. TC 4 and TC 6
with similar conditions show also similar maximum tem-
peratures. TC 5 in the end position of the strategy measures
a lower temperature as the near TC 2 at the edge of the
component with the maximum temperature of 648.09 °C.
TC 8 with the same the distance as TC 2 from the center
point has a significant lower temperature. The lessened
heat dissipation at the edge causes a movement of the tem-
perature maxima in edge direction. The bars of TC 2, 5,
and 8 show the rising temperature maxima in edge direc-
tion. The difference between minimum temperature of TC

7 with 456.18 °C and maximum temperature of TC 2 with
648.09 °C is 191.91 °C or 33%.

The bar chart of strategy Sout, edge shows two different
temperature levels, Fig. 11. TC 1, 2, 3, 4, and 6 vary be-
tween 603.09 and 623.08 °C, while TC 5, 7, 8, and 9 have
temperatures from 491.06 to 531.55 °C. TC 5 is in the start
area, which implies high heat dissipation. The following
cladding process leads to heat accumulation in edge areas.
The thermocouples within tool path and edge are showing
the highest temperatures. TC 7 to 9 can dissipate the heat
input to the colder substrate and measure smaller values.
Sout, edge has a difference of 132.02 °C (21%) between
minimum and maximum temperature.

The differences of minimum temperatures and maximum
temperature for the strategies of the edge area are listed in
Table 3. The consideration of the zigzag strategies shows, that
the temperature behavior of the pyrometer measurement, Fig.
9, can also be seen in the thermocouple measurements. A
strong temperature increase next to the melt pool at the end
results also in a high value at the bottom of the test piece. The
heat accumulation can be identify at the top and allows a
conclusion of the temperature behavior at the surface.

The maximum temperature of strategy ZZlong, cd is 34%
lower than the maximum temperature of strategy ZZtrans,

edge and shows the smallest difference of minimum and
maximum with 39.78 °C (7%). Strategy ZZtrans, edge, on
the other hand, has a temperature difference of 59% within
the strategy. For a low temperature influence at deeper
regions of a test piece, the strategy ZZlong, cd should be
used. The results show the high influence of a correct strat-
egy choice for influencing the temperature development.

Table 3 Thermal values of
strategies in the edge area Strategy Maximum temperature

in °C
Temperature difference
in °C

Temperature difference
in %

Figure

ZZlong, cd 549.19 39.78 7 Fig. 10

ZZlong, ed 699.92 263,57 38 Fig. 10

ZZtrans, edge 833.67 493,58 59 Fig. 10

Sin, edge 648.09 191.91 30 Fig. 11

Sout, edge 623.08 132.02 21 Fig. 11
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Fig. 11 Maximum temperatures
of spiral strategies in the edge area
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4 Conclusion

The influence of different build-up strategies on the resulting
maximum temperatures were investigated in this work. Studies
on different zigzag and spiral strategies were carried out in a
central area as well as in an edge area. Temperature measure-
ments were made on the underside of a 6-mm-thick work piece
by means of thermocouples in order to detect the influence in
lower component areas. Differences between the individual
strategies were shown. When using the same strategy in a
different workpiece area, different temperature profiles occur.

Strong differences between the spiral strategies were de-
tected in the central area of the workpiece. While the outward
spiral strategy Sout, cent shows the lowest maximum tempera-
ture of 388 °C as well as the smallest temperature difference of
93 °C between the thermocouples, the inward directed spiral
strategy Sin, cent increases the maximum temperature by
100 °C and a temperature difference by more than 200 °C.

All strategies showed increased peak temperatures in the
edge area compared to the central area. A reduced heat transfer
at the edges leads to heat accumulation and results in the detect-
ed temperature differences. A comparison of the zigzag strate-
gies makes it clear, that the welding direction has a strong in-
fluence on the maximum temperatures. A longitudinal zigzag
strategy in center direction reduces the maximum temperature
around 150 °C compared to aweld in edge direction. The zigzag
strategy ZZlong, cd shows the smallest maximum temperatures as
well as the smallest temperature differences in the edge area.

It is found that adapted build-up strategies are necessary to
ensure low maximum temperatures and low temperature dif-
ferences under different boundary conditions.
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