
 

 

REDUCTION  IN MANUFACTURING  COSTS OF 

MASONRY DRILL BITS WITH HARD  METAL  INSERTS 
 

 
 
 
 
 
 
 

Purpose of the technological innovation 
 

1. To permit  the stem hardening and brazing of the hard metal insert directly on 
the production line 
2. To permit  the use of cheaper materials without  product quality problems 
3. To obtain real energy savings 

 
 
 
 
 
 
 
Giorgio Mazzola &  Massimo Mosca 



INSERT BRAZING  
 
 
 

 
 
 
 
 

Installation  target 
 

The installation permits the automatic brazing of the insert, made of sintered material, which is 

assembled on the drill  bit. 

The weld material, having the shape of strip, is previously fixed through spot welding 
 
 

Performances 
 

Dril l bit diameters From 3.25 to 15.70 mm 
Dril l bit lengths From 110 to 460 mm 
Brazing temperature 1,080°C in inert atmosphere 
Cycle time for each size in the range 4.5 sec 

 

 
 
 
 
 
 
 
 

Technological cycle description 



The drills to be brazed, with the insert and the brazing material plates assembled are placed in 

horizontal position on a conveyor belt which permits them to be fed through a fixed step movement. 
 

Every 54 sec., the belt feeds 16 steps 
 
 
 

A mechanical arm draws 8 drill  bits and turns them of  
90°. So, the bits are placed in the first of the two 

brazing stations. 

 
 
 
 
The heating induction coils vertically go down and are correctly placed 

 

Heating starts; the protective atmosphere is introduced. 
 
 
 

Once the temperature of 1,080°C is reached, the brazing is performed 
 
 
 

During this time, the mechanical arm has loaded other 8 bits in the second 

brazing station. 

 
 
 
 

Unloading of the brazed bits which are placed again on the belt. 

During this time the first brazing station is loaded again. 

 
 
 
 
Hourly production: 800 bits for each size included in the range 



Presentation of Results 
 
 
 
 

100 x magnified section of the joint zone between insert 
and steel stem 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

500 x magnified section of the joint zone between insert 
and steel stem 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

500 x magnified section of the C45 stainless steel near 
the brazed zone 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Homogeneous alloy distribution: no overheating phenomenon in the support 
structure 



STEM HARDENING  
 
 

 
 

Installation  target 
 

The installation permits the automatic hardening and tempering of the drill  bits on which the hard 

metal insert has been previously brazed 

 
 

Performance 
 

Dril l bit diameters From 3.25 to 15.70 mm 
Dril l bit heights From 110 to 460 mm 
Hardening temperature 850°C 
Tempering temperature From 250 to 400°C 
Cycle time for each sizes inside the range 4.5 sec. 



 

 

Technical cycle description 
 

The drill bits to be hardened are placed in horizontal position on a conveyor belt which permits them 

to feed through a fixed step movement. 

A mechanical hand draws 12 bits and places them on a 

special pallet 

 
 

The pallet translates horizontally so as to be positioned in 

front of the vertical translator, which is equipped with 12 

rotating spindles and the same number of devices suitable 

to hold the axial bits. 
 
 
 
The spindles, permits the bits rotation: the vertical translation heating and the hardening liquid 

output start. 

At the end of the translation additional cooling is performed. 
 
 
 

The inductors start to translate downward; reduced heating power is 

delivered so as to permit the bit tempering. 

 
 

At the end of the operation the bits are placed on another pallet which 

delivers them to the unloading zone. 

 
 
 
 
 
 
 

Hourly production: 800 bits for each size included in the range 
 
 
 
 
 
 
 
 
 
 
 
 

Presentation of 
Results  

 
 
 

Transversal sections 



 

 

 
 
 
 
 
 
 
 
 
 
 
 

1.000 x Magnified Section of the Core Zone 
 
 
 
 
 
 
 
 
 
 
 
 
 

1.000 x Magnified Section of the External Zone 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Homogeneous structure without cracks 



HARDENING  TEST REPORT FOR TO VERIFICATION 

OF THE USE OF CHEAPER STEEL THAN  ONE USED 

FOR STEM MANUFACTURING  

 
 
 
Induction hardening of the drill  bits is carried out after the braze welding of the hard metal plate. 
(This operation is carried out through induction heating under an inert atmosphere). 

 

Tmax 1,080 °C with a dwell time that can reach up to 30 seconds, the diameter, and controlled cooling 
to 880 °C) 

 

The steels used are: C45, 40Cr, C46CrB2, 45SiCrV6, 34CrNiMo6 (test only). 
 

The experimental and theoretical temperatures for the various types of steels are showed in the following 

table: 

 
 
 
 

Steel C45 C46CrB2 40 Cr  45 SiCrV6 
Chamber oven 
hardening, 
temperature T °C 

790 - 820 820 – 850 820 - 850 860 – 890 

Induction hardening, 
temperature 
calculated T° C 

 
Experimental data 

870-900 
 
 
 
 
880° C 

approx. 900 
 
 
 
 
880° C 

900-930 
 
 
 
 
approx. 950° C 

approx. 900 
 
 
 
 
880° C 

 
 
 
 
The hardening test, whether static or translation, has shown the formation of cracks after water 

quenching of C46CrB2 (which is the most suitable material from a quality/cost point of view for 

mass production). 

The preliminary tests have been carried out by means of a Fully Solid State (MOSFET) converter 

with different inductors; two heating modes have been used: static mode and translation mode. 



A) Static tests, steel C45, water quenching: 
 
 
 
 

Test 1 
 

Heating time about 6", 
 

Generator power 80%, T �  850 - 870 °C 
 

Macro hardness: 56-60 HRC on the cylinder surfaces 
 

 
 

Microhardness, cross-section (photo above) 
 
 
 
 
 

- connection: 
 

mm 0.1 0.5 1 2 Axis 

HV1 709 719 700 676 631 

 
 

- body: 
 

mm 0.1 0.5 1 2 Axis 

HV1 678 687 781 704 630 

 
 

- bit: 
 

mm 0.1 0.5 1 2 Axis 

HV1 713 701 710 687 653 



 

 

 
 
 
 

Body microstructure , connection Nital 5: on the left, surface; on the right, core (x1000) 
 
 
 

The samples that were cloth polished and acid etched were subjected to metallographic analysis. 

Their microstructure is almost exclusively composed of thin, compact martensite. The presence 

of ferrite points is very limited, and there is no presence of overheating and/or superficial 

decarburization. 

Test 2 
 

Heating time: 4.5 sec. 

Generator power 100% 

Microhardness cross-sections 
 
 
 

- Connection: 
 

mm 0.1 0.5 Axis 

HV1 709 687 529 
 

 
 
 
 
 
 
 
 
 
 

- Body: 
 

mm 0.1 0.5 Axis 

HV1 670 694 620 



 

- Bit: 
 

mm 0.1 0.5 Axis 

HV1 670 707 673 

 
 
 

Microstructure: regarding C45, the microstructure obtained after the hardening is uniform; also in this 

case no surface defects are noted. 
 

The C46CrB2 steel bits hardened under the same conditions show cracks. 
 

 
 

Above, microstructure: C46CrB2, x1000. Structure (martensite) and radial crack. 
 

Some C46CrB2 bits have been hardened statically, without cracks, using a polymer emulsion at 

100% and reducing the hardening temperature as necessary in order to avoid overheating (cracks 

motive power) 



 

B) Cross-section tests steel C45, water quenching: 
 
 
 
 

Test 3 
 
Bits with 6 mm diameter; the bits were sectioned at plate and neck level so to have the same diameter 

across the entire piece. 

 
 
 

 
 

Bit microstructures, etch Nital5: left, surface; right, core (x1000). 630 HV1 
 
 
 
The sample, show an excellent structure both on the surface and on the core. The transformation to 

martensite is almost complete. In this case there is no presence of overheating or cracks. The 

homogeneous hardness is between 600 and 630 HV1 across the entire diameter, including the 

grooves. 



mm 0.05 0.1 1 2 Core 

HV0.2 527 522 556 576 567 

Test 4 
 

Bits having diameter 16 mm. 34CrNiMo6 self-hardening steel (only taken for preliminary tests in 

order to evaluate times and heating homogeneity) 

Phases pre-heating + hardening heating (T �  900 °C) 
 

The hardness, immediately after the hardening, fluctuates between 42 and 50 HRC. 

After a light sandblasting a harness of 47-50 HRC is measured 

The sample was then sectioned and covered with resin. 
 
 
 

Microhardness 
 

On the sections different measurements were taken from the rim towards the axis of the piece.  

From the involute: 

 

 
 
 
 

From the lower corner: 
 

mm 0.05 0.1 1 2 

HV0.2 560 521 580 560 

 
 

Groove: 577 HV0.2 



mm 0.05 0.1 1 2 Core 

HV0.2 651 634 640 605 490 

Test 5 : 
 

Same part, single heating phase (more power to compensate for the lower dwell time). 
 

T �  950 °C. 
 

Superficial hardness measured on the involute: 55 HRC 
 

Micro-hardness, cross-section of the body, measurements:  

From the involute: 

 

 
 
 
 

From the lower corner: 
 

mm 0.05 0.1 1 2 

HV0.2 497 495 523 532 

 
 

Groove: 607 HV0.2 
 
 
 

The hardening obtained with process 1 is very homogeneous. This is obvious when examining 

the test piece after the etching. The minimum hardness is within tolerance. Please note: that this type 

of steel is used in current production primarily for larger diameters, so to have the possibility to 

harden it in traditional furnace and unload the pieces in a bin. Quenching is carried out in calm air. 

In an induction plant, piece handling at high temperature is not possible; so the hardening of steels 

type 34CrNiMo6 it is not expected. 

 
 

In the second case, it is possible to observe superficial dark zones with hardness lower than that 

of the matrix (455 HV1 compared to 600): in particular, the lower corners are clearly under 

hardened. In fact, during heating, the involute is heated to a yellow colour while the corners are 

dark. 



Comments  
 
 
 
 
Hardening by translation, compared to the hardening, permits less thermal shock to be generated 

during heating , thus less deformation after quenching. Steels that in certain conditions are subject 

to distortions and cooling cracks (or even to cracks) after static hardening, can be hardened by 

translation without treatment defects using harsh means (ex. water or thinned emulsions instead of 

hardening baths with high polymer concentrations). 

It has been proposed to harden all the types of steels using pure water; this situation obviously 

should be ideal. We can consider the oily and carbonic residuals which dirty the plants (firstly the 

filters) using emulsions. Other important factors are the heat exchangers and pumps over-sizing. The 

emulsion's thermal capacity, starting by about 5%, is remarkably lower than the thermal capacity of 

the water. 

The C46CrB2 is, to all effects, an alloyed steel (for increased hardness). The bits are core hardened 

and they present a complex geometry (involutes) which generates the cracks. At the start of the 

installation set-up pure water will be used, to be possibly replaced with an emulsion having the 

minimal possible additive concentration (polymer emulsion, in order to avoid cracks) and in any 

case not more than 10%. 


