
INTRODUCTION

Trochoidal milling is defined as a circular mill-
ing with simultaneous forward movements (ex-
ample of the generated of tool path – Fig. 1) [14].

Trochoidal milling belongs to high-speed ma-
chining (HSM). The low angle of the tool wrap al-
lows reducing the cutting forces up to 70%, com-
pared to conventional milling, where it is 180° [10]. 
This allows the use of larger depths of cut (often 
1÷2 × tool diameter) and a significant increase in 
the cutting speed. More information on trochoidal 
milling is provided in the articles [14, 15, 17].

The main problems of trochoidal machining 
include: difficulty in interpreting the G-Code in 
the milling machine iTNC controller, frequent 
lack of overlays in the controller software for 
generating the trochoid milling cycle, limited ac-
celeration options in the X and Y axes resulting in 
a significant reduction in the feed speed. 

The mentioned problems are not yet suffi-
ciently resolved [1–13, 16, 18] or there are no 

articles solving these problems. The authors of 
the articles focused mainly on the possibilities 
of trochoidal milling, or on the effects obtained 
with trochoidal milling using paths generated 
only by the CAM environment. Therefore, this 
paper compares path generation using G code 
(path A), generated using overlays from the ma-
chine level (path B) and the CAD/CAM – NX 
Siemens environment (path C) as a supplement 
to the current state of knowledge. Different 
methods of generating the trochoidal paths al-
low visualizing the factors determining the final 
effect of milling.

TROCHOIDAL TOOL PATHS

Trochoidal paths were generated in three ways:
 • A – quasi-trochoid (Fig. 2): described by 

movement circle (G-Code),
 • B – stretched quasi-trochoid (Fig. 3): described 

by arcs and straight lines (iTNC driver),
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 • C – point by point quasi-trochoid (Fig. 4): de-
scribed by short lines between a lot of points 
(CAD/CAM).

Type A – quasi-trochoid. The path was gen-
erated as shifts centres of the circles. During 
programming, the CC command – circle centre 
coordinates and C functions – circle end co-
ordinates were used. The step over (w) was a 
straight line on one of the walls of the groove 
being made.

Type B – the path was generated as a dis-
placement of successive arches and straight 
lines. There was a straight line between the 
arches to obtain similar side walls of the groove. 
The path generated from the milling machine’s 
iTNC driver.

Type C path – is a path commonly used in 
the CAM environment. It is generated as shifts 

of successive points by a fixed value, relative to 
each other. The step over (w) of the trochoid oc-
curs as a shift of subsequent ones points form.

TROCHOIDAL TOOL PATH EFFICIENCY

In the article, the trochoidal paths of type: 
A, B and C were tested. The choice of paths was 
conditioned by preliminary studies in which the 
stability of the milling process was determined. 
During the research on the impact of trochoidal 
path geometry on the obtainable maximum val-
ues of feed speed, the 12, 14, 16, 22, 28, 32, 36, 
and 40 mm wide grooves were milled. The pa-
rameters used for trochoidal milling are the ones 
recommended by the manufacturer of tools for 
machining NC6 grade steel with a hardness of 50 
HRC. They were: fz = 0.06 mm, vc = 150 m/min, 
w = 0.4 mm, vf = 2000 mm/min, ap = 10 mm. For 
the groove width, the maximum achievable feed 
speed vf [mm/min] (relative to the tool axis) was 
recorded at a constant value of feed per tooth: fz 
= 0.06 mm. The maximum achievable feed speed 
was defined as the stable value read from the ma-
chine level when the iTNC driver does not reduce 

 
Fig. 1. An example of generated tool path, 
where: w – trochoid step over, ae – width of 

cut, vf – feed speed, n – rotation speed

 
Fig. 2. Trochoidal tool path A type; w – step over

 
Fig. 3. Trochoidal tool path B type; w – step over

Fig. 4. Trochoidal tool path B type; w – step over
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the programmed feed automatically for the im-
posed tolerance field T = 0.08 mm (in accordance 
with 32 DIN / ISO: G62 cycle tolerance) [3].

A summary of the research results regarding 
the impact of the trochoidal path geometry on the 
possible feed speeds for the Heidenhain iTNC530 
control for the Hermle 300u milling machine is 
shown in Figure 5.

The maximum possible feed speed using 
paths type A and C was similar. The differences 
between the path programmed manually and with 
the CAM environment were up to about 8%. The 
lowest maximum feed speeds were obtained with 
the type B trochoidal path. The values of the feed 
speed were lower within 15–35% than the other 
paths. Above the groove width 32 mm, the values 
of the feed speed for all tested trochoidal paths 
stabilized at the level of about 2340 mm/min (+/- 
2%). The dispersion of results during the tests was 
the lowest using the B path and was about 3%.

COMPARISON OF THE EFFECTS 
OF THE PATHS USED

The comparative studies of the trochoidal tool 
paths were carried out under the following condi-
tions. Constant parameters: fz = 0.06 mm, (vf = 
2000 mm/min), vc = 150 m/min, w = 0.4 mm, ap = 
10 mm. Milled grooves with dimensions: 32 mm 
width, 10 mm depth, 20 mm long in 50HRC NC6 
steel. The geometric dimensions of the grooves 
made allowed analyzing the machined surfaces, 
cutting forces and record the cutting temperature. 
Experimental setup showed in the Figure 6.

The geometrical surface structure (Ra, Rt, 
Wa, Wt) was measured on a Taylor Hobson 
model Talysurf 120 L profilographometer. This 
device was characterized by measurement reso-
lution 16 nm, measuring length in the horizon-
tal orientation 200 mm, straightness error 0.5 
µm on each measured section of 120 mm. A 
measuring needle with a 90° point angle and a 
rounding radius of 2 µm was used to measure 
the roughness Ra and the waviness Wa. The tra-
verse length was 10 mm, cut-off lengths 0.8 mm, 
measuring range 20 µm, feed rate of the mea-
suring needle 0.5 mm/s. The axial cutting forces 
(Fx, Fy, Fz) in the process were measured using a 
Kistelr model 9129AA piezoelectric force meter, 
a Kistelr model 5070A amplifier, Kistler model 

 
Fig. 5. Influence of the milled groove width on the maximum achievable 

feed speed, where: A, B, C – trochoidal tool paths

Fig. 6. Experimental setup, where: 1 – cutter; 
2 – made grooves, 3 – piezoelectric force meter 

(holder); 4 – temperature measurement area
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5697A data activating devices and DynoWare 
2825D software for the analytical data. The cut-
ting force was defined as the average value of 
the force from the measuring section equal to 5 
revolutions of the tool at the local apogee. The 
cutting temperature (Tc) measurements were 
carried out using a FLIR p620 infrared camera 
(emissivity factor ε = 0.80, measuring resolution 
640×480 pixels), the analyses were performed in 

the FLIR Tool software. The cutting temperature 
was defined as the maximum temperature re-
corded on the tool. Measurements were repeated 
5 times for each type of milling. Figures 7, 8, 9, 
10 shows all measurement results.

The lowest values of temperatures, roughness 
Ra, Rt and waviness Wa, Wt were obtained using the 
type B trochoidal path (Fig. 7, 8). Lower values de-
scribing the geometric structure of the surface result 

Fig. 7. Influence of trochoidal tool path type on waviness Wa and Wt

Fig. 8. Influence of trochoidal tool path type on roughness Ra and Rt

Fig. 9. Influence of trochoidal tool path type on cutting temperature Tc
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from the path generation method. The step over of 
the trochoid which occurs on both walls of the cre-
ated groove causes surface smoothing. However, 
this results in an adverse rapid increase in the cutting 
forces (Fig. 10). Small circular arcs and a straight 
forming line have a positive effect on the cooling 
capabilities of the cutting edge, owing to which it 
is possible to reduce the cutting temperature using 
path B by nearly 20% compared to the type C path 
and 27% compared to the type A path (Fig. 9).

CONCLUSION

The type of trochoidal path significantly af-
fects the final effects of the process. The presented 
machining with technological parameters recom-
mended by the tool manufacturer during trochoid 
milling is not always possible. Complications can 
occur during circular movements of the tool fol-
lowing the setpoint trajectory. The milling ma-
chine may not reach the programmed parameters 
to accelerate the drives lead screw because the 
tool path is too short. The smaller the radius of 
the arcs forming the tool movement trajectories, 
the lower the feed rate values can become for the 
CNC milling machine in curvilinear movements.

An additional factor influencing the imple-
mentation of movements is the way of interpret-
ing the subsequent tool positions. This is related 
to the generation of code through straight lines, 
arcs or points between moves. Therefore, the 
type of the generated trochoidal tool movement 
trajectory significantly affects the final effects of 
machining: 
1. For accurate machining (end milling) it is recom-

mended to use the type B path that allows obtain-
ing the lowest values of the Ra, Rz, Wa, and Wt 
parameters (compared to the A and C paths). 

2. When milling the elements with thin bottoms, 
it is recommended to use the C-type path, 

Fig. 10. Influence of trochoidal tool path type on cutting force: Fx, Fy, Fz

because the force values Fz were the lowest 
(compared to A and B paths).

3. When milling narrow grooves, it is recom-
mended use either the A or C path type to ob-
tain the highest feed speed possible (compared 
to the B path). 

4. In order to reduce the costs associated with the 
CAD/CAM software, it is possible to replace 
the type C path the with G-Code written path 
– type A path.
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