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Abstract

The ever-increasing number of vehicles on the roads has created the need to expand or rehabilitate the road
infrastructure, and milling and cutting drums used for road top striping play a major role in these operations. The
main components involved directly in the structure dislodging and milling process are their teeth. A tooth is
basically made up of the body itself and a tungsten carbide tip that is fastened by brazing. There are currently
various teeth manufacturing processes, but for our paper we chose a manufacturing process consisting of welding
loading of the active part of the tooth. Under these circumstances, the brazing area may be thermally impaired.
The studies described in our paper refer to the analysis performed using the finite element method of the thermal
field distribution in the brazing area of the tungsten carbide tip in the cylindrical hole at the front of the tooth body,
to checking the theoretical determinations made by mathematical modelling and to analysing the way in which
the welding processes used thermally affect the critical target area the most.
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1. Introduction

The significant development of international and national road transport has currently created the
need to keep existing road infrastructures functional and safe, but also to build new, modern ones. A
large number of various pieces of machinery and equipment are used to build them. Depending on the
work performed, a major role is played by road top stripping mills, which are used to dislodge, fragment
and grind different types of road layers. Such cutters are currently made by specialized companies in a
wide range of models [1, 2].

The main working member of the milling cutters is the milling drum, Figure 1, made up of a metal
cylinder (1), on which the milling cutter teeth (2) are fastened, which represent the active component
also called cutting element. They are fastened on the drum by means of a bracket (3), [1-3].

Fig. 1. Road structure cutting and milling drum
1-drum, 2- cutting tooth, 3-fastening bracket

Both the milling cutters and their teeth are manufactured in various variants, the difference between
them consisting in: the shape and sizes of the active parts, the nature of the milled material, the milling
technique used, the milling depth and the characteristics of the milling machines [1, 4].
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Figure 2 shows the components of a milling cutter tooth [5].
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Fig. 2. Components of a milling cutter tooth
1-tungsten carbide tip, 2-brazing disc, 3- body, 4-wear plate, 5- clamping sleeve

The body of the tooth is manufactured using different technologies depending on the manufacturer,
being made of 41Cr4 (EN 10083-1) steel, in which the tungsten carbide tip is fastened by brazing.

Our research focused on the use of different manufacturing technologies by welding loading in the
active area of intelligent anti-wear and anti-lock protection systems on rotation, while providing greater
durability and reliability [6-8].

Figure 3 [1, 2] shows a cutting tooth with the two active areas, namely the tungsten carbide tip (1)
and the frustoconical section of the cutting tooth body (4), our aim being to increase its wear resistance
by depositing, by welding, annular cords (2) of adequate width and thickness, with high wear resistance
and self-locking protection while rotating around its own axis [7-9].
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Fig. 3. Loaded cutting tooth
1- tungsten carbide tip, 2- annular cords achieved by welding loading, 3-brazing area of the tungsten
carbide tip in the front hole, 4- frustoconical section of the cutting tooth

The welding processes used in the research to load the annular cords of the active tapered section of
the cutting tooth body, as well as the filler materials used in our experiments are shown in Table 1 [1].

Table 1. Filler materials and procedures used in our experiments

No. Welding procedure Filler material
1. MIG-MAG FILEUR DUR 606 B
2. WIG FILEUR DUR 606 B
3. WIG VTCr2.5TiD
4. Oxyacetylene flame VTCr2.5TiD

2. Experimental Research

The study described in our paper refers to the detailed analysis of the thermal field that occurs during
and after the welding loading operation of the frustoconical surface of the cutting teeth, particularly in
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the first circular cord deposited in the frustoconical area. We analysed how the fastening brazing area
of the tungsten carbide tip in the cylindrical hole made in the front part of the cutting tooth is thermally
affected. During its manufacture, the disc is fastened by CIF brazing, using a silver-based brazing alloy
with a melting temperature ranging from 710 to 720 °C. The distance between the brazed area and the
active outer surface of the cutting tooth body, in its front part, varies depending on the type of tooth and
its taper, where deposits of annular welded cords with different filler materials were made (Figure 3)
by means of the procedures shown in Table 1.

The deposits made (Figure 3) consisted of two (three) annular welded cords, in the frontal area
(I-above the brazed disc), at the foot of maximum taper of the active area of the tooth (II) and, in some
situations (depending on its type), mid-way (III) between the annular cords. Obviously, the cord that
thermally affects the brazed area of the tungsten carbide tip the most is the annular cord at the front, in
area l.

In order to know as accurately as possible the thermal field produced by the first cord (area I), we
conducted a theoretical analysis, using finite elements; of the way it extends, for each of the welding
processes used for loading.

2.1. Thermal field analysis

Simulating heat transfer in welded joints, in the case of a mobile heat source, requires fine
discretization over a width area including the weld cord, along the entire length of the weld. Figure 4
shows the discretization network of the analysed tooth.

Fig. 4. Model discretization network

In the quasi-stationary phase of the welding process, the thermal field stabilizes, the extension of the
thermally influenced area being the same for the moments starting with t =4 s.

Figures 5 and 6 show the shape of the welding bath and the isotherms of the thermal field through
the part from both a side and a front view.

The cross section in Figure 6 shows temperature distribution through all three bodies: the knife body,
the tungsten carbide tip and the brazing disc. It is interesting to analyse the evolution over time of the
temperature in the brazing disc, taking into account the fact that its peak value must not exceed 720 °C.
This is also shown in Figures 7-11.
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Fig. 5. Thermal field at t = 65 s - 3D side view Fig. 6. Thermal field at t = 65 s - 3D front view
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Fig. 9. Temperature variation graph in a node located at the top of the brazing disc
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Fig. 10. Temperature distribution Fig. 11. Isothermal surfaces
in the brazing disc in the brazing disc

According to the information above, the suggested modelling takes into account the temperature
variation of the physical-mechanical properties of the 41Cr4 (EN 10083-1) steel, which leads to
obtaining very precise solutions in terms of thermal field values and distribution.

2.2. Experimental determination of the thermal field

The experimental assembly in Figure 12 consisted of a thermocouple placed in a calibrated 8 - 15
mm deep hole made in the frontal area of the tooth body in the brazing area of the tungsten carbide tip
(below the area where the annular welded cord is loaded in the frontal part).

1 -+ 5 6
Fig. 12. Experimental assembly for measuring the temperature in the frustoconical area

1- cutting tooth, 2- rotation and positioning device, 3-welding head,
4-thermocouple, 5- data acquisition board, 6-PC

The recording of the experimental data in Figure 13 reveals the temperature variation over time
when welding loading the first cord by the MAG (Figure 13, a), WIG (Figure 13, b, ¢), and oxyacetylene
flame (Figure 13, d) processes.

3. Results and Discussions

The analysis of the experimental measurements of the peak temperatures reached in the brazing
area, summarized in Figure 14, correlated with the hardness and metallographic determinations
performed on the loads made on the active tapered area of the cutting teeth, by the welding processes
used [6], reveals that the welding process that thermally affects the brazed area the most is the
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oxyacetylene flame, with a high risk of significantly weakening the brazing area of the tungsten carbide
tip in the front hole. Instead, the process, correlated with the filler material used - the VTCr2.5TiD
tubular rod - achieved the highest hardnesses and kept the tungsten carbide particles almost intact,
enhancing the intended effect of increasing the wear and self-locking during rotation resistance of the
cutting teeth.
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Fig. 13. Temperature variation over time when loading the first cord
a) MAG - FILEUR DUR 606 B; b) WIG - FILEUR DUR 606 B; c¢) WIG - VTCr2.5TiD;
d) oxyacetylene flame - VTCr2.5TiD
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Fig. 14. Peak temperatures reached in the brazing area by the welding loading methods used

(1 - MAG - FILEUR DUR 606 B; 2 - WIG - FILEUR DUR 606 B; 3 - WIG - VTCr2.5TiD; 4 - oxyacetylene
flame - VTCr2.5TiD)

The WIG welding process, which uses the VTCr2.5TiD tubular rod, achieved the best results, both in
terms of temperatures reached in the brazing area, below the critical one, and in terms of hardness and
the intended effect of increasing wear and self-locking on rotation resistance.
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The WIG welding process, which uses FILEUR DUR 606B tubular wire, thermally affects the brazing
area even less, however, due to the quality of the wire used, only an increase in wear resistance was
achieved, maintaining the preferential wear danger without reducing self-locking on rotation.

The MIG/MAG welding process, which uses FILEUR DUR 606B tubular wire, achieved the lowest
temperature in the critical area, however, as in the previous case, only an increase in hardness and hence
wear resistance were obtained.

4. Conclusions

The paper discusses the analysis performed using the finite element method, the distribution of the
thermal field to the experimental welding loading operations, in the brazing area of the tungsten carbide
tip, in the cylindrical hole in front of the cutting tooth body.

By effectively measuring the temperatures (thermal field) in the brazing area of the tungsten carbide
tip in front of the tooth body, we checked the theoretical determinations achieved by mathematical
modelling and we found which of the welding processes performed thermally affect the critical target
area the most.
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