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Abstract: Great attention has been paid on fabricating diamond wire by using the brazing diamond because of its strong chemical 
bonding strength and controllability of grits distribution. Although several serving performances of brazed diamond wire have been 
reported, seldom do these studies refer to its process characteristics. Sawing performances of a brazed diamond wire are investigated and 
compared with those of a sintered diamond wire on a wire saw machine. The surface topographies of beads selected from the two wires 
are micro observed before sawing. The sawing tests are carried out in constant feed rate feeding(CFF) and constant normal force 
feeding(CNFF). In CFF test, sawing force, power, and the cut depths of positions on contact curve are measured. Then, coupled with the 
observations of beads topographies, sawing force and its ratio, relations of power against material removal rate, and contact curve 
linearity are compared and discussed. In CNFF test, the sawing rates of the two wires are investigated. The results indicate that the 
brazed wire performs with lower sawing force(less 16% of tangential force and 28% of normal force), more energy efficiency(nearly 
one-fifth of sawing power is saved), at a higher sawing rate (the rate is doubled) and with better contact curve linearity as compared with 
the sintered wire. This proposed research experimentally evaluates the sawing performances of brazed diamond wire from the aspect of 
process parameters, which can provide a basis for popularizing the brazed diamond wire. 
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1  Introduction 

 
 

In recent decades, diamond wire saws have played an 
important role in the processing of natural stone, removing 
large structures (huge buildings, railway bridges, old 
concrete chimneys and dams) and cutting cables and oil 
pipes below the sea surface[1–3]. These diamond wire saws 
are employed in such a variety of circumstances because of 
their high flexibility, high production rate, low noise level, 
low cost and high energy efficiency, particularly when 
compared to circular saws[4]. 

The basic model of the diamond wire sawing is shown 
Fig. 1. In general, a diamond wire is a steel cable on which 
small diamond beads are mounted at regular intervals with 
a spacing tube cover placed between adjacent beads. The 
diamond wire is connected into an endless circle and tensed 
on a wheel system. The wheel system consists of a drive, 
slave and guide wheels and tensioning structures. Each of 
diamond beads at the wire/workpiece contact curve firmly 
presses onto the workpiece because of the inner tensions of 
wire. When the wire is driven at a high tangential speed 
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(wire speed), the diamond grits held on the beads execute 
the cutting action. The entire cutting operation greatly 
depends on the wire speed (vs), feed rate (vf), sawing length 
(L) and wire tension (T0). 

 

 
Fig. 1.  Basic model of the diamond wire sawing 

 
It is obvious that the beads are the most important part of 
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the diamond wire because they are responsible for the 
material removing action. For any diamond abrasive tool, 
holding the diamond grits on the tool’s matrix is vital. Over 
the past decades, the powder metallurgy sintering has been 
widely used in processing diamond beads[5]. However, as 
diamonds are very difficult to wet, they are only 
mechanically held on the bead matrix because there is no 
chemical bonding realised at the diamond/matrix interface. 
Therefore, the bonding strength is poor. Together with the 
severe chip slurry friction at the wire/workpiece interface, 
the diamond pull-off from the bead matrix is a serious wear 
flaw in using sintered diamond wire saws[6–9]. To improve 
the diamond retention on the beads, OLIVEIRA, et al[10] 
developed a new metal matrix system with the aim of 
improving the bonding strength of diamonds. RISSO, et 
al[11] designed an innovative shape for beads to reduce grit 
wear. ÖZÇELIK[12–13] investigated the optimal cutting 
conditions of diamond wire and developed a device to 
investigate its wear. Although many efforts have been 
undertaken to improve the bonding strength, little has been 
achieved because chemical reactions at the diamond/matrix 
(active brazing alloys) interface are perhaps impossible by 
these two ways.  

 In the early 1990s, the success of brazing diamonds 
onto a steel substrate opened a new era in manufacturing 
diamond tools[14]. Because of the strong chemical bonding 
provided by the carbide formation at the diamond/active 
alloys interface and the success of placing grits in a 
predetermined pattern, the brazed diamond tools could cut 
much faster and significantly longer than the conventional 
tools[15]. In 1999, SUNG[16] introduced the brazing 
technique into the processing of diamond beads. Because of 
the outstanding outcomes exhibited by the brazed diamond 
wire, as reported by SUNG[16] and XIAO, et al[17], the 
brazed diamond was considered as a revolutionary design 
to the diamond wire processing. However, all these reports 
focused mainly on sawing efficiency, tool wear resistance 
and service life. Few studies covered force, contact curve 
and energy consumption. In this study, this situation is 
remedied by investigating the effect of a variety of 
parameters on the forces, energy consumption, contact 
curve and the sawing efficiency of a brazed wire and the 
results are compared with a commercially available 
sintered wire. 

 
2  Experimental Details 

 
2.1  Setup of the sawing platform 

The comparative work is conducted by using a small 
wire saw with a wire length varying between 5.3 m and 
5.5 m. The setup of the wire saw measuring system is 
illustrated in Fig. 2. The resultant of sawing forces 
distributing on the wire/workpiece contact curve can be 
decomposed into tangential force (Ft) and normal force (Fn) 
along the tangential and the normal directions of the 
contact curve, respectively. On the basis of the workpiece 

coordinate system, this resultant also can be decomposed 
into horizontal and vertical forces (Fh and Fv, respectively). 
In this work, Fh and Fv are measured by a Kistler 9257BA 
dynamometer. The power(P) is monitored by a GX-3 power 
meter. Signals of the forces and power are sampled at a 
frequency of 1 kHz by using a DEWE-2010 data 
acquisition system. All these signals are low-pass filtered 
with a cut-off frequency of 100 Hz. Typical filtered signals 
are shown in Fig. 3. Each net value induced by the sawing 
action is obtained by subtracting the average value in the 
idling stage (without cut) from that in the steady sawing 
stage(with cut). 

 

 
Fig. 2.  Wire saw mesusuring system setup 

 
 

 
Fig. 3.  Typical filtered signals 

 
As shown in Fig. 4, a constant pressure feeding table is 

built to realise a constant normal force feeding mode when 
investigating the sawing efficiency. The normal force can 
be loaded and adjusted by a weight. 

 

 
Fig. 4.  Constant pressure feeding table 

 
The cut depth(Dc) of point on the different position of the 

contact curve, which is the vertical distance from the point 
to the top of the workpiece, is measured by a depth vernier. 
As shown in Fig. 5, the cut depth of point A is illustrated as 
DcA on the figure.  
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Fig. 5.  Cut depth on the contact curve 

 
 

2.2  Observation of bead surface topography  
A digital optical microscope (Hirox KH–1000HI Scope) 

is employed to inspect the topography of the diamond bead. 
The protrusive height of grit on the bead (hp) is measured 
(see Fig. 6). The ratio of the grit protrusive height to its 
diameter (dg) is defined as the grit protrusive rate (λ). The 
ratio of the average protrusive height of all grits on a bead 
(hpav) to the average grit diameters (dgav) is defined as the 
average grit protrusive rate (λav). 

 

 
Fig. 6.  Protrusive height of the diamond grit 

 
 

2.3  Tool and workpiece 
Brazed beads are fabricated via high-frequency induction 

heating in a vacuum (1 mPa), and then, assembled into a 
wire. The material of spacing tube covers is plastic. The 
brazing alloys used are Ni-Cr active alloys. The size of 
diamonds is US mesh 3540 (dg ranges from 425 µm to 
500 µm and dgav is 462.5 µm). The average diameter of the 
beads on a wire is usually called the wire diameter (dw). For 
the brazed wire, dw is 7.5 mm and λav is 60%. 

The commercially available sintered wire contains 
diamonds of 4045 US mesh size (dg ranges from 355 µm 
to 425 µm and dgav is 390 µm) with a 40% concentration. It 
is sharpened to its steady working stage by sawing 
firebricks that are commonly used to sharpen impregnated 
diamond tools. After sharpening, dw decreases from 7.9 mm 
to 7.6 mm and λav reaches 26%, which allows for an 
excellent cutting rate. 

The main properties of a natural marble workpiece are 
listed in Table 1.  

 
Table 1.  Properties of the natural marble workpiece 

Main 
mineral 

Particle 
size 

Density 
ρ(g·cm3) 

Shore 
hardness 

HS 

Compressive 
strength 
σbcMPa 

Calcite Pulveryte 2.65 52 93 

 
 

2.4  Sawing experiments 
Sawing experiments are conducted in two feeding modes: 

constant feed rate feeding (CFF) and constant normal force 
feeding (CNFF). During the CFF mode, the forces, power 
and cut depth of the contact curve are measured, whereas 
during the CNFF mode, the cut depth and cutting time are 
measured and the feed rate is calculated. The combinations 
of sawing parameters for CFF and CNFF modes are listed 
in Tables 2 and 3, respectively. Each combination is 
repeated five times, and the results are averaged. In the 
CNFF test, the normal force is adjusted by changing the 
weight in the sequence ‘30 N→60 N→90 N’.  

 
Table 2.  Sawing parameters for the CFF mode 

Sawing length 
Lmm 

Wire speed 
vs (m·s1) 

Feed rate 
vf (m·h1) 

500 16, 18, 22, 24 0.70 
500 20 0.17, 0.45, 0.70, 1.00, 1.25 

400, 300 20 0.70 

 
Table 3.  Sawing parameters for the CNFF mode 

Sawing length 
Lmm 

Normal force 
Fn N 

Wire speed 
vs (m·s1) 

300 30 18, 20, 22 
300 60 18, 20, 22 
300 90 18, 20, 22 

 
During all these sawing experiments, T0 is maintained at 

3.0 kN. It should be pointed out that the effect of tool wear 
can be neglected in this study because the total sawing time 
is very short compared to the wire’s service life. 

 
3  Results and Discussion 

 
3.1  Forces 

In wire sawing, the bending of the diamond wire in the 
sawing zone ensures that the diamond grits press into the 
workpiece to achieve material removal[18]. Considering the 
large bending radius, the tangential force(Ft) and the 
normal force(Fn) on the wire can be substituted by Fh and 
Fv, respectively[19].  

The results of the sawing forces(Ft and Fn) versus each 
of the sawing parameters are plotted in Fig. 7 (BW and SW 
on all figures in this paper are short for brazed wire and 
sintered wire, respectively). For the two wires, the 
tendencies of Ft and Fn versus the sawing parameters are 
similar. However, under a specific combination of sawing 
parameters, the brazed wire performs with much lower 
forces. 

The material removal rate(Aq) is the volumetric removal 
of material per unit time. It is given by the following 
equation: 

 
 Aq  dwvfL. (1) 

 
The relationships of sawing forces to material removal 

rate are plotted in Fig. 8. The linear relations between 
sawing force and material removal rate are fitted and 
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shown on the figure. From the slopes of linear fit lines, it 
can be calculated that 16% of tangential force and 28% of 
normal force can be reduced by using the brazed wire 
compared with those of the sintered wire. 

 

 
Fig. 7.  Sawing forces versus sawing parameters 

 
Further, the force ratio (FnFt) that is the ratio of normal 

force to tangential force is calculated and plotted in Fig. 9. 
It can be seen that FnFt of the brazed wire is 2.3 and it is 
significantly lower than that of the sintered wire (3.1). It is 
known that a sharp abrasive tool can exhibit a low force 
ratio[20]. This implies that the brazed wire is better at cutting 
into and removing materials, and therefore, performs with 
significantly lower forces compared to the sintered wire, as 
addressed above.  

 
3.2  Sawing power 

The sawing power is a key index for evaluating the  

 
Fig. 8  Sawing forces versus material removal rate 

 

 
Fig. 9.  Force ratio of the two wires 

 

 
Fig. 10.  Sawing power versus material removal rate 

 
sawing energy efficiency[20]. The power consumed by the 
two wires versus the material removal rate is plotted in Fig. 
10. It is clearly that for each of the two wires its sawing 
power is nearly linear with the material removal rate. 
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Overall, the power consumed by the brazed wire is less 
than that consumed by the sintered wire. Further, the slopes 
of the linear relation between power and material removal 
rate reveals 19% (nearly one-fifth) of sawing power can be 
reduced by using the brazed wire compared with that of the 
sintered wire. Therefore, the brazed diamond is preferred 
over the sintered wire for the green manufacturing. 

 
3.3  Bead topographies 

The bead topographies from both the wires are inspected 
and the results are represented in Fig. 11. For each bead, its 
holo-photo of a bead is taken from different directions and 
joined together. From Fig. 10(a), it can be seen that grits on 
the surface of the sintered bead are randomly distributed. 
This randomness is inescapable because it is caused by the 
grits/alloys powder (matrix) mixing process in powder 
metallurgy sintering. However, from Fig. 10(b), it can be 
seen that the grits on the brazed bead are uniformly 
distributed, which is one of the advantages of the brazed 
diamond. Fig. 12 shows the dispersions of grit protrusions 
on beads. The protrusions of grits on the sintered bead are 
scattered, ranging from 10 μm to 250 μm with hpav = 
101 μm (standard deviation (Sd) is 48.92). On the other 
hand, the protrusions of grits on the brazed bead are higher, 
varying from 250 μm to 325 μm with hpav = 277 μm(Sd = 
14.76). λav of the brazed beads (60%) is significantly 
greater than that of the sintered beads (26%). Therefore, the 
protrusions of the grits on the brazed wire are not only 
much higher but also more uniformly distributed than those 
on the sintered wire. 

 

 
(a) Sintered bead 

 
(B) brazed bead 

Fig. 11.  Holo-photos of diamond beads 
 
For the brazed wire, the combination of the uniform grit 

order and the high and uniform grit protrusion offers two 
advantages: increasing the quantity of the active grits 
engaging in chip formation and reducing the friction effect 
of chip slurries between the beads and workpiece. It is 
reported that the friction greatly depends on the chip 
accommodation space on the bead surface[6, 8]. Fig. 13 
illustrates the interactions at the bead/workpiece interface 
during sawing. For the sintered bead, as shown in Fig. 

13(a), the matrix is close to the workpiece surface because 
of the low girt protrusion rate. This results in insufficient 
chip accommodation space. Consequently, chips are 
compressed before leaving the sawing zone. The friction 
effects of chip slurries at the bead/workpiece interface are 
greatly increased. From Fig. 13(b), it can be seen that the 
matrix of the brazed bead can be effectively separated from 
the workpiece with a large chip accommodation space 
between the bead matrix and workpiece. This enlarged 
space is due to the high grit protrusive height and is helpful 
for chip accommodation. Consequently, the chip friction is 
greatly reduced. Thus, the preponderance of the brazed 
bead topography might be responsible for the smaller 
sawing force and energy consumption exhibited by the 
brazed wire. 

 

 
Fig. 12.  Dispersions of grit protrusive heights  

on diamond beads 
 

 
Fig. 13.  Interactions at the bead/workpiece 

interface during sawing 
 
 

3.4  Contact curve linearity  
In wire sawing, the bending of the diamond wire in the 

sawing zone ensures that diamond grits press on the 
workpiece, thereby removing material[18]. As a result, the 
contact curve at the wire/workpiece interface is not straight. 
It is known that the bending of the contact curve prevents 
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high dimensional accuracy, particularly in profile sawing. 
In fact, this is the same key problem in wire electrical 
discharge machining (WEDM).  

The degree of linearity of the contact curve can be 
represented by the deviation from the different contact 
curve positions (∆Dc), which can be calculated as follows: 

 

 ∆Dc  Dcmin – Dc,  (2) 
 

where Dcmin is the minimum cut depth on the contact      
curve.  

Fig. 14 represents the deviations from the different 
contact curve positions during the steady sawing stage for 
which the cutting parameters are the same. It is clear that 
the linearity of the contact curve of the brazed wire is better 
than that of the sintered wire. For wire sawing, the bending 
level of the wire is positively related to its normal force[18]. 
The improved linearity might be attributed to the low 
normal force acting on the brazed wire (see Fig. 6). On the 
basis of this improved linearity, the brazed wire is 
preferable over the sintered wire for profile sawing. 

 

 
Fig. 14.  Deviation of contact curve in steady sawing  

 
 

3.5  Sawing efficiency 
The sawing efficiency (sawing rate) for wire sawing is 

commonly assessed by the feed rate. Under the CNFF 
mode, the feed rate is calculated by dividing the cut depth 
by the cutting time. Fig. 15 shows feed rates calculated 
under different sawing conditions. The feed rates of the 
brazed and sintered wires increase with the normal force 
and wire speed, respectively. However, for a specific 
combination of sawing parameters, the brazed wire has 
nearly two times the feed rate of the sintered wire. From Eq. 
2, it clearly follows that the material removal rate is 
doubled when using the brazed wire. This outcome 
supports the results mentioned above. The smaller FnFt 
and the bead topography superiority allow the brazed bead 
to cut into the workpiece much more easily. Meanwhile, the 
larger λav of the brazed bead also provides adequate chip 
accommodation space for chip slurries. Therefore, the 
cutting ability of the brazed wire is greatly enhanced and 
the sawing rate is doubled. 

 
Fig. 15.  Feed rates of the two wires in the CNFF test 

 
 

4  Conclusions 
 
(1) The brazed diamond wire exhibits with lower sawing 

forces compared to the sintered wire: 16% of tangential 
force and 28% of normal force can be reduced. 

(2) The force ratio of the brazed diamond wire is lower 
than that of the sintered wire. This means that the brazed 
wire is sharper than the sintered wire and cuts into 
workpiece much more easily. 

(3) The brazed diamond wire consumes less power than 
the sintered diamond wire. The linear fit between power 
and material rate reveals that nearly one-fifth of power can 
be saved by using the brazed wire. 

(4) The contact curve linearity during cutting with a 
brazed wire is better than that with a sintered wire because 
of the smaller normal sawing force acting on the brazed 
wire. 

(5) the sawing production rate can be doubled by using 
the brazed wire compared to the sintered wire. 
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