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Abstract—In this paper, the specific features in the machining (cutting) of parts from polymer composite
materials were considered. The materials for the cutting part of tools and their geometric parameters were
selected, and technological regimes were recommended, considering the properties of polymer composite
materials that characterize their machinability. The differences between the machining of polymer composite
parts and the processing of metal products were revealed.
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Polymer composite materials (PCM, composites)
are a compound of two or several materials based on
various types of plastics that serve as a matrix in such
materials. Other elements of composites (PCM) are
different reinforcing or decorative components that
impart them with certain properties and serve as a
mechanical barrier on the way of crack propagation
under deformation.

The machining of composite materials signifi-
cantly differs from metal machining due to their spe-
cific features. The machining of parts from composites
often requires the complete revision of machining
methods, used cutting tools, workpiece clamping
techniques and, in some cases, even the use of special-
ized equipment and tool accessories. Fiberglass-rein-
forced plastic (fiberglass laminate) is one of the most
highly demanded composite materials for parts pro-
cesses by cutting tools [1–5].

Fiberglass-reinforced plastics (FRPs) are polymer
materials reinforced with glass fibers. Their binding
element (matrix) consists generally of thermosetting
synthetic (phenol, epoxy, polyester, polyamide, furan,
etc.) resins and thermoplastics (polyamides, polycar-
bonates, polypropylene, etc.).

There exist several grades of fiberglass laminate.
They differ from each other only in a few parameters.
At the same time, their common characteristics
include high strength, enhanced moisture resistance,
good thermal conductivity, ana nontoxicity. Here, it is
also worth highlighting their fireproofness, biological
stability, and insusceptibility to other negative environ-
mental impacts. Workpieces from glass-fiber-rein-
forced plastics are used for the production of gears,
bearings, washers, gaskets, metal cutting machine com-
ponents, printed circuit boards (PCBs) and other parts.

Fiberglass laminate is produced in the form of
sheets. The thickness of a finished sheet may be
ranged within 0.5–100 mm. In addition, the material
is manufactured in the form of various bushings, gears,
or rods of different diameters and lengths. Fiberglass
laminate consists of a nonwoven cloth impregnated
with a special resin and pressed under high pressure.
Various polyester or epoxy resins can be used for
impregnation. For the machining of fiberglass plastics
by turning, tungsten carbide hard alloys of VK, TK,
and TTK group and tools with polycrystalline dia-
mond (PCD) inserts are predominantly used as cut-
ting tools. Synthetic diamond has the highest hardness
and thermal conductivity at a low friction coefficient,
enabling the sharpening of cutting edges with a mini-
mum rounding radius. However, diamonds have a low
resistance to bending, so the application of diamond
inserts for interrupted cutting under shock loads is
unreasonable. In the studies [4, 6–8], it was estab-
lished that the instantaneous tool life of cutters with
cutting inserts from hard alloys of VK group is 5–6
longer that for the cutter with cutting inserts from hard
alloys of TK group, as the heat conductivity of the for-
mer is 1.6–2.6 times higher (Table 1).

As a rule, the rake surface of cutters should be pol-
ished and have no chamfers and grooves contribution
to chip curling. The value of the rake angle γ is selected
within 10°–20° and 0°–5° when turning laminated
plastics along filler layers and perpendicularly to them
(Fig. 1) [8].

Based on the performed experiments, it was estab-
lished that the use of cutting tools with rake angles
γ < 20° and γ < –5° is not recommended, as the oper-
ation of tools with such rake angles results in the for-
mation of discontinuous chips and a sharp increase in
machined surface roughness.
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Fig. 1. Scheme for the turning of fiberglass-reinforced
plastics.
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Fig. 2. Relief angle in turning.
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As shown by studies, the relief angle α has the
strongest effect on the tool life of cutters. It should be
maximized, because increasing α reduces the effect of
workpiece elastic recovery on the tool after the cutting
edge passes. However, an excessive increase in α is
unacceptable due to a decrease in the heat dissipation
capacity of the cutting tool wedge (or tooth); there-
fore, when machining plastics, the optimal relief angle
is α = 15°–20° (Fig. 2).
PO

Table 1. Instantaneous tool life

Material of 
cutters

Fiberglass 
laminate ST

Phenolic 
plastic K-18-2

VK2 18 –
VKZM 13 20
VK6M 12.5 10.5
VK4 11.8 14
VK6 11 11
VK8 4 5
T30K4 4.3 1
T15K6 3.8 5.5
T5K12V 2 –
T5K10 1.9 2
TT10K8A 1.7 –
TT7K12 1.6 –
T14K8 1.5 6
The principal cutting edge angle ϕ changes within
30°–60°, ensuring low surface roughness. The auxil-
iary cutting edge angle ϕ1 is usually selected within
12°–15°, because increasing ϕ leads to a 1.2–1.7-fold
increase in the surface roughness height.

The cutting speed V exerts the primary influence
on tool wear and life, followed by the longitudinal tool
feed rate S and the depth of cut t. For this reason, when
adjusting the machining parameters, the depth of cut
must be selected first, followed by the feed rate and
cutting speed, using the metal turning parameters as a
baseline. When adjusting the depth of cut, it is neces-
sary to take into account the allowance thickness, part
rigidity, turning type, etc. When selecting the feed rate
for finish turning, the possibility of achieving the spec-
ified surface roughness parameters is primarily taken
into account, whereas maximum feed rates can be
applied in rough machining.

For the rough turning of fiberglass-reinforced plas-
tics, the experimentally established parameters are t =
3.0–5.0 mm, S = 0.1–0.5 mm/rev, and V = 80–
160 m/min (Ra = 6.3–12.5 μm). For finish turning,
t = 0.5–1.0 mm, S = 0.05–0.2 mm/rev, and V = 170–
300 m/min (Ra = 1.6–3.2 μm).

It is important to note that, during the turning of
fiberglass-reinforced plastics, cutting regimes and tool
geometry influence not only the roughness of the
machined surface, but also on its integrity. A certain
challenge is also to achieve the dimensional accuracy
of parts from fiberglass-reinforced plastics [9, 10]. The
dimensional accuracy of parts is influenced by errors
resulting from machining, internal residual stresses,
thermal errors of measurements, and errors caused by
environmental impacts. The errors of machining by
turning appear due to tool wear, elastic deformations
in the machine–tool–fixture–workpiece (MTFW)
system, and equipment inaccuracies.

Based on the results of experimental studies and
the earlier papers [4, 8], it was established that, com-
pared to metals, polymer composite materials have
lower mechanical properties, the cutting force compo-
nents during their machining are much lower. As a
result, the ratio between the cutting force components
Pz, Px, and Py will be different. The cutting forces grow
with an increase in the depth of cut and the feed rate,
especially when tool wear progresses. For instance,
during the turning of fiberglass laminate ST on a CNC
lathe with a cutter equipped with an insert from hard
alloy VK2 with V = 300 m/min, S = 0.21 mm/rev,
and t = 3 mm, the forces Pz, Py, and Px grow with
increasing cutter wear h3 from 0.1 to 0.85 mm by
200% (Pz) and 105% (Py and Px). The empiric depen-
dences of Pz, Py, and Px on the tool wear are

 N,  N, and 
N, being close to the empirical formulas [4, 8].

= 0.62
3110zP h = 1.05

3440yP h = 1.05
32.53xP h
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