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Abstract

One of the greatest problems of modern production techniques is the achievement of an appropriate quality at
minimal costs and accompanied by the production efficiency increase. Therefore, while designing the production
process. The technology used should have a considerable influence on the durability and reliability of machine parts
to be produced. During finish treatment, the final dimensions as well as functional properties are imparted to a given
element by application of proper treatment type. The engineer has a range of production techniques to choose for the
proper surface layer formation. Conventional turning machines belong to the basic equipment of ships, because in sea
conditions, they enable the execution of a spare part or carrying out the necessary operations in the process of their
regeneration. The use of modern cutting tools makes it possible to obtain a surface with low values of surface
roughness parameters. The use of new generation cutting inserts on conventional lathes can cause problems for
operators. The lack of the ability to ensure proper of treatment condition and setting errors of cutting tools contribute
to the damage of the cutting insert or the surface of the workpiece. The article presents the results of influence of
different cutting parameters on surface topography during turning process of stainless steel. A shaft made of 304L
stainless steel was used for the research. The cutting process was carried out on a universal TUM 25B x 500 centre
lathes. During the turning the following machining parameters were used: cutting speed Vc [m/min], feed f [mm/rev]
and depth of cut ap [mm].The turning process was conducted by a cutting tool with CCGT 097302 UM, CCGT
097304 UM and CCGT 09T308 UM inserts. Measurement of surface topography was carried out by T8000
profilometer.
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1. Introduction

Due to hard service conditions, marine pumps working in seawater environment are made of
corrosion resistant materials. In spite of the fact that pump shafts are made of an expensive
material, it is not possible to avoid service damage. This damage includes cracking, plastic
deformation, excessive wear of pins in places of mounting rotor discs and sealing chokes,
corrosive wear, friction wear, erosive wear and splineways knock outs. During service experience,
the most common problem that is observed is excessive wear of pins causing their diameter
decrease as well as exceeding the permissible shape deviations in place of chokes mounting.

Many scientific centres, including Gdynia Maritime University, deal with issues related to the
turning surface of the difficult-to-machine [1-13]. The research aims to determine a set of input
factors, fixed and distorting for the finish lathing of pins shafts made of stainless steel, had an
impact on geometrical structure of the surface, as well as on the values of forces and cutting
temperature. Machining stainless steels, especially austenitic steel causes many difficulties. On the
machinability of austenitic steel has a negative impact high propensity to the deformation
strengthening, low thermal conductivity and good ductility. Alloying element improves the
machinability of stainless steels is sulphur. Sulphur in combination with manganese forms MnS
manganese sulphide, which positive influence on machinability is confirmed by the type of chips
(short and brittle), smoother surfaces of workpieces and less tool wear.
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For the basic method of the surface layer, forming of shaft pins is known lathing. Conventional
machining accuracy is usually considered as a function of the characteristics of all the components
of machine tool, fixture, object and tool. There are accuracy performance and the accuracy of
static and dynamic determining and cutting parameters, which are associated with strength,
temperature and wear of the cutting edge. Therefore, stock removal of high efficiency should be
performed in a controlled manner, which ensures the correct shape and size of the chip.

The geometric structure of the surface is one of the most important factors that determine the
quality of the surface. It describes a set of all inequalities that overlap, formed during the
machining processes and wears of the item.

The article is a continuation of the research on influence of changing the treatment condition
during turning process of stainless steel. The article presents the results of influence of change of
cutting parameters and nose radius during turning of shafts on Sa parameter.

2. The research methodology

During research of surface roughness parameters, the shafts made of stainless steel (304L)
were used (Fig. 1). The process of turning was carried out on a universal TUM 25B x 500 lathe
centre. The lathing process was conducted by a cutting tool with CCGT 09T302 UM, CCGT
09T304 UM and CCGT 09T308 UM inserts. In order to analyse of influence change of cutting
parameters for UM insert on the obtained surface topography parameter Sa (arithmetical mean
height of the surface) was used. The cutting parameters dedicate for turning process by producer
were presented in Tab. 1.

Fig. 1. The sample used for turning process

Tab. 1. The cutting parameters dedicate for turning process

Type of inserts Cutting parameters
V¢ [m/min] f [mm/rev] ap [mm]
CCMT 09T302 UM 220 0.07 0.3
= 1125 (225-165) (0.02-0.12) (0.3-3)
- CCMT 09T304 UM 205 0.15 1.3
v 1125 (225-155) (0.08-0.25) (0.3-3)
CCMT 09T308 UM 180 0.20 1.3
1125 (215-120) (0.12-0.35) (0.3-3)

During the turning process, the following machining parameters were used: cutting speed (Vc),
feed (f) and depth of cut (ap). The values of cutting parameters are presented in Tab. 2. The
turning process was carried out for two cutting speeds Vc = 140 and Vc = 197 m/min. The value of
depth of cut ap = 0.5 mm was determined for the finishing turning process.
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Tab. 2. The cutting parameters used in turning process

Number of shaft pins Nose radius Cutting parameters
r [mm] fn [mm/rev] | ap [mm] | V¢ [m/min]
pin 1 0.04
Shaftl pin 2 0.2 0.08
pin3 0.14
pin 1 0.04
Shaft 2 pin 2 0.4 0.08 140
pin 3 0.14
pin 1 0.08
Shaft 3 pin 2 0.8 0.04
p%n 3 0.14 0.5
pin 1 0.04
Shaft 4 pin 2 0.2 0.08
pin3 0.14
pin 1 0.04
Shaft 5 pin 2 0.4 0.08 197
pin 3 0.14
pin 1 0.04
Shaft 6 pin 2 0.8 0.08
pin 3 0.14

The surface topography was measured by T8000 profilometer. For the test used measuring tip
with a 2 um radius. The analysis covered the parameter of surface topography — Sa.

T
;i

3. The research results

Figure 3 presents the results of the measurement of the surface topography parameter of
selected shaft pins subjected to the turning process.

For cutting speed Vc =140 m/min and depth of cut ap = 0.5 mm, the highest value of Sa
parameter (1.97 um) was obtained for the nose radius r=0.8 mm and feed f=0.04 mm/rev.
Whereas, the lowest value of Sa parameter (0.6 um) for the turning process by the cutting insert
with a nose radius r = 0.8 mm and a feed 0.08 mm/rev was observed.

143



W. Labuda

Ve = 140 m/min, ap = 0.5 mm

1.8
1.6
14
12

Sa [wm]

0.8
0.6
0.4
02

04
0.8
r [mm]

Fig. 3. The influence of treatment conditions on the parameter Sa for Ve = 140 m/min

Figure 4 presents the surface topography of selected shaft pins submitted to the turning process
with cutting speed Vc = 140 m/min and depth of cut ap = 0.5 mm.

The highest value of the Sa parameter (1.45 um) was obtained for the corner nose r = 0.8 mm
and the feed f=0.04 mm/rev. whereas, the lowest value of Sa (0.67 um) for r = 0.8 mm and the
feed rate 0.08 mm/rev was observed.
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Fig. 4. The influence of treatment conditions on the parameter Sa for Ve = 197 m/min
Figure 5 presents the results of surface topography measurements for which the lowest and

highest value of the Sa parameter was obtained (Vc = 140 m/min). The influence of unfavourable
cutting conditions was observed for the turning process with Vc = 140 m/min and f = 0.04 mm/rev.
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The surface topography shown, that the surface layer has not been removed in the entire cutting
area. Increasing the value of feed above 0.08 mm/rev stabilized the cutting edge during turning
process and allowed to obtain a 3 times smaller value of the Sa parameter. On the surface of shaft
pin traces features of the passage of the turning tool are visible.

Figure 6 presents the results of measurements of surface topography for turning process with
cutting speed of 197 m/min. Traces on the surface of shaft pin testify to an even machining process
for the cutting parameters used. The use of a variable value of feed and nose radius of cutting
insert influenced the obtained values of the Sa parameter.

Treatment
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Fig. 5. Example view of the surface topography for Vc = 140 m/min
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Fig. 6. Example view of the surface topography for Vc = 197 m/min

Obtained test results for the selected range of cutting parameters and different nose radius,
allowed to obtain different values of the Sa parameter. For the highest value of feed
f=0.14 mm/rev, with the increase of nose radius value, the value of the surface topography
parameter decreased, both for Vc =197 m/min, as well as for Vc = 140 m/min. For smaller feed
values, no such a clear trend was observed. For the turning process with V¢ = 140 m/min,
ap = 0.5 mm, f=0.04 using the CCMT 09T308 UM insert, a low feed value was most likely the
cause of a sharp increase on value of Sa parameter. The minimum value of feed for this insert
should be 0.12 mm/rev.
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4. Conclusions

The turning process using the cutting insert on the conventional lathes requires the correct
choice of the turning tool relative to the material and required quality of product. Analysis of the
results showed significant differences in the values obtained for surface topography parameter
during changing of cutting parameters and nose radius of insert.

In marine conditions, the possibilities of a wide selection of cutting tools are limited, therefore,
it is important to choose correct cutting parameters and correct positioning of the cutting tool,
especially on the conventional lathe.

Due to the limited rotational speed control on the conventional lathes and their maximum
values, the operator should set the parameters for the cutting parameters and nose radius of insert
in order to ensure adequate quality of the surface layer.

Improper treatment conditions contribute to the formation of ductile chips, which adversely
affects the machining process. Most often, it destroys the quality of shaft pins surface.
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