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Abstract—In this study a cemented tungsten carbide 

rotary burr prototype was fabricated using directed energy 

deposition based on an optimal parameter set which was 

previously derived from a full factorial design of experiments 

matrix approach. Finite element analysis under static 

conditions was carried out on the burr to understand the 

possible geometric stress raisers and stresses during 

assimilated operation. Initial field tests were done to assess the 

functional performance of the prototype, and comparisons 

were made against a conventionally manufactured burr.  
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I. INTRODUCTION 

Directed energy deposition (DED) is an additive 
manufacturing (AM) process which directs energy from a 
laser or electron beam heat source into a narrow, focused 
region to melt the feedstock powder as it is deposited onto 
the substrate [1], [2]. Laser engineered net shaping 
(LENS®) is a DED process which has been successfully 
used in the fabrication of a range of materials such as 
stainless steels, nickel alloys, composites and graded 
materials [3]. The LENS® process fabricates components 
by interpreting the STL file format of a computer aided 
design (CAD) model of the part to be manufactured. The 
CAD model is divided into thin orthogonal layers in the z-
axis and the data for each layer is interpreted and translated 
into laser scanning paths to fabricate a single layer [4]. The 
layers are fabricated by first generating an outline of each 
feature and then the nozzle moves up by a z-increment in 
order to deposit more layers until fabrication is complete. 
The advantages of DED processes in comparison with 
conventional manufacturing processes such as sintering and 
subtractive manufacturing includes the production of near 
net shaped components, rapid production, limited usage of 
fixtures and no requirement for patterns [5].  

There have been studies into the application of the 
LENS® technology in the fabrication of cemented tungsten 
carbide (WC) alloys. Xiong et al. [6],  [7],  [8] investigated 
its applicability in the fabrication of cobalt (Co) cemented 
WC while Davoren et al. [9] investigated the deposition of 
a WC-Monel alloy.  

 

LENS® has also been successfully used in the repair of 
titanium manufactured components [10] and the fabrication 
of Inconel free forms [2]. However, the commercialization 
aspect of the LENS® fabrication of cemented WC does not 
appear to have been achieved yet. This study investigated 
the fabrication of an iron-based cemented WC rotary burr 
prototype using the LENS® process.  

II. EXPERIMENTAL METHODS 

A. Laser deposition 

In preparation for deposition the prototype rotary burr 
was designed to have a shank diameter of 6 mm, burr 
diameter and length of 12 x 25 mm, and a total length of 65 
mm. It was designed without a rotary end cut and all designs 
were based on DIN 8033 and the PFERD burr catalogue 
[11]. CAD models were made using Creo Parametrics 
which uses history based parametric modelling which 
entails building a 3D geometry, piece by piece by using 2D 
sketches. Once the CAD model was established it was saved 
as an STL format and then sliced along the z-axis into layers 
which translated into laser scanning paths.  

An Optomec 850-R LENS® machine with a 1kW IPG 
fiber was used to manufacture two WC-10wt% FeCr 
cylindrical rotary burr prototypes at atmospheric conditions 
using the parameters shown in TABLE I which were 
derived in an earlier study. For the manufacture of one of 
the burrs the substrate was pre-heated prior to deposition. 
The burrs were sectioned from the substrate using a Struers 
Secotom-10 precision cutting machine, with a 12 cm 
diameter Struers diamond coated wheel at a cutting speed 
of 3500 rpm and a feed rate of 0.015 mm/s. The dimensions 
of the rotary burrs were measured using a Vernier calliper 
and compared to the dimensions of a conventionally 
manufactured burr to verify part accuracy. 

 

TABLE I. Near optimum parameters for LENS® deposition 

Process parameter Value 

Laser power (W) 200 

Traverse speed (mm/s) 3.2 

Powder feed rate (g/min) 12.2 

Z-increment (mm) 0.2 

Stand-off distance (mm) 8 

Laser spot size (mm) 1.4 
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B. Finite Element Analysis (FEA) and Benchmarking 

Tests 

FEA analysis was done using MSC Patran® and 
Nastran® software at static conditions to verify the location 
of the largest von Mises stresses. A structural analysis using 
a first principle approach and a FEA linear static assessment 
were done. The performance matrix used for the analysis 
was a power tool with a rotational speed of 32000 rpm and 
a cutting speed of 600 m/min. Equations (1) to (4) show the 
calculations used for torque and maximum shear stress. 

 

 Ʈmax = kts (Tr/J)    (1) 

 T = (P x 30)/πη    (2) 

 J = π(2r)4)/32    (3) 

 r = d/2     (4) 

 

Ʈmax is the maximum shear stress (MPa), kts is the stress 
concentration factor which is 1 for brittle materials [12], T 
is the torque, P is the power of the rotary tool, η is the 
rotational speed (rpm), J is the polar second moment of area, 
r is the radius of the burr shank (m), and d the diameter of 
the shank. The finite element was meshed using a four node 
tetrahedral (TET4) element type mesh. The analysis 
boundary conditions was a fixed end at the burr shank. The 
properties of the burr used for the analysis was an elastic 
modulus (E) of 513 MPa [13], and a Poisson ratio (ʋ) of 0.3 
[14]. 

The rotary burr which was deposited on a preheated 
substrate fractured during removal from the substrate. 
Hence the  prototype burr without substrate preheat was 
benchmarked against conventionally manufactured burrs in 
terms of removal of previously deposited weld material. A 
weld deposit made from AWS A5.1 E7018-1 having a 
tensile strength of 490 – 550 MPa [15] was used for the test. 
The weld deposit was machined at one-minute intervals for 
a total time of five minutes using a handheld rotary tool with 
a cutting speed of 600m/min and rotational speed of 32000 
rpm. The thickness of the weld deposit and substrate was 
measured using the Vernier calliper after each interval to 
record the amount of material removed by the burr. The burr 
which removed more material in the allocated time was 
selected as the better performing burr. 

III. RESULTS AND DISCUSSION 

A. CAD model and FEA analyis 

Fig. 1 shows the CAD model of the rotary burr 
prototype. 

 

 

Fig. 1. Side view of rotary burr 

 

Fig. 2 shows the FEA model and the load/boundary 

conditions of the cylindrical rotary burr. The maximum 

shear stresses acting on the rotary burr prototype was 

calculated to be 6.84 MPa and the torque to be 0.29 Nm.  

 

 
Fig. 2. Applied operational loads and boundary conditions 

 

FEA showed that the fillet junction area which connects the 

shank and the burr head acts as a stress raiser and 

experienced the highest stress concentration (Fig. 3). 

Internal stresses will exist in sharp corners and fillet radii 

because of the abrupt change in shape. In order to mitigate 

this a large fillet radius should be incorporated in the 3D 

CAD model so that there is enough space for the 

distribution of the internal stresses. This analysis showed 

that if failure should occur, the area with the highest stress 

concentration would be the first to fail. 

 

 

 
Fig. 3. Von Mises stress due to imposed load 

 

B. Fabrication of the Prototype Burr 

The rotary burr prototype was manufactured in a three-

step process (Fig. 4) without the use of fixtures, compared 

to the nine-step conventional process (Fig. 5), which shows 

the benefits of using AM. The LENS® fabrication time per 

burr was 04h04min30sec in comparison to the conventional 

sintering cycles of 15-20 hours. The flutes on the burr were 

partially visible in comparison to the conventionally 

manufactured rotary burrs and this was due to the rougher 

surface finish imparted by the DED process. The powder 

utilization of this process was calculated to be 50.2% by 

weighing the initial amount of powder used for the 

deposition process and the amount of powder which was 

not deposited into the molten pool. The low powder 

efficiency of the LENS® process shows that feasibility of 

the process will depend on the ability to recycle the powder. 
 



 

Fig. 4. LENS® process flow for the manufacture of the prototype burr 

 

Fig. 5. Process flow in the conventional manufacturing of hard metal 

burrs [16]. 

Fig. 6 shows the rotary burr during deposition and Fig. 7 
shows the final burr.  

 

 

Fig. 6. LENS fabrication of the cylindrical rotary burr 

 

 
Fig. 7. LENS® fabrication of a cylindrical rotary burr with preheat of 

250°C 

The part accuracy was not compliant with the 3D CAD 

model input dimensions (Table II), showing that the 

prototype requires final machining in order to achieve 

accurate dimensions, visible flutes and an acceptable 

surface finish. In addition the burr visually showed 

distortion in the form of a concave shape, this shape was in 

accordance to the CAD model which also showed a 

concave burr. Final machining will increase the number of 

production steps required before the burr can be deemed 

market-ready, however, the LENS® processes will then 

require 4 manufacturing steps which is still less than the 

than the  conventional process.  

 

 

 

 
Table II. Dimensions of the LENS® fabricated and sintered WC burrs 

Burr 

dimensions 

Shank 

diameter 

(mm) 

Burr 

diameter 

(mm) 

Burr length 

(mm) 

CAD model 6 12 

25+5(to 

accommodate 

removal from 

substrate) 

LENS® 
deposited WC-

10wt% FeCr 

7.26 11.74 26.51 

Sintered WC-Co 6.04 11.99 25.04 

 

C. Field Testing of the Rotary Burr Prototype 

The performance of the prototype burr was based on the 
removal of previously deposited welds. This was compared 
with conventionally manufactured cemented WC burrs. Fig. 
8 shows the built-up weld requiring machining and Fig. 9 
shows the performance of the prototype burr in comparison 
to the sintered burr in machining the weld surface. The 
prototype burr failed at the fillet junction as predicted by 
FEA after machining 0.22 mm of the weld in 2 minutes. The 
sintered burr did not fail and testing was stopped after 5 
minutes. 

 

 

Fig. 8. Machined weld surface 

 



 
Fig. 9. Machining performance of LENS® fabricated and sintered 

cylindrical rotary burrs 

During machining of the weld it was observed that the 
prototype burr vibrated extensively, which is believed to 
have contributed to failure of the burr. Fig. 10 shows the 
failed burr indicating a three-point brittle fracture with no 
evidence of plastic deformation. This indicates that only low 
fracture energy was required for the failure to occur. 

 

 

Fig. 10. Fracture surface of LENS® fabricated rotary burr 

IV. CONCLUSION 

A WC-10wt% FeCr prototype cylindrical rotary burr 
was fabricated using the LENS® technology. FEA analyses 
predicted that the fillet junction area which connects the 
shank and the burr head would be a point of weakness as a 
stress raiser and would experience the highest stress 
concentration. This prediction was shown to be accurate 
when the burr failed at this junction area during machining 
tests. The conventionally manufactured cemented tungsten 
carbide cylindrical rotary burr outperformed the prototype. 
However, the prototype showed potential as it failed at the 
shank and not the burr head. One of the limitations of the 
prototype was the rough surface finish due to the DED 
process which possibly enhanced the vibrations experienced 
during machining of the weld thereby leading early failure. 
In addition to the rough surface finish the dimensional 
accuracy of the burr did not comply to the CAD model, 
hence final machining will be required in order to explore 
the feasibility of LENS® deposited cemented WC burrs.  
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