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The use of lathe chucks in machine building companies is the result of a great deal of work and the
development of technical thought. Due to the progress and the possibility of increasing efficiency and at
the same time relieving people from work that requires a lot of effort, especially physical effort, the use
of better and more efficient production methods is a target that should be pursued nowadays. In the
manufacturing process, these objectives can be achieved with the use of dedicated equipment. The
following work will present an example of a lathe chuck specialized in turning operations. The aim of the
work was to use a universal chuck as a base for designing and manufacturing a specialized chuck so that
it is possible to mount rope wheels with diameters from 240 to 580 mm. This would eliminate the neces-
sity of time-consuming changeovers. In addition, it is assumed that the handle must meet the conditions
imposed by the limited number of tools and the working dimensions of the machine. The machining
process itself was also important, where the most advantageous solution was to perform most of the ope-

rations in one clamping.
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1 Introduction

During the introduction of a new product into pro-
duction, it is necessary to perform a series of prepara-
tory works. The main element of these works is the
technological preparation of production. It includes:
preparation of the technological process, the stage of
constructing special equipment, development of work
time standards and material consumption standards.
Technological instrumentation includes all kinds of
workshop aids used in the processing, assembly, in-
spection or transport of an object [8, 14, 19, 23]. This
type of assistance includes: handles and instruments
for processing, assembly and control, toolholders,
gauges, dies, feeders, casting moulds. [4, 16, 24]. It is
estimated that about 60 - 70% of the production pre-
paration time takes place during the preparation of
special equipment, and in exceptional cases it can be
as much as 90% |2, 5]. Therefore, it is correct to state
that the deadline for starting production depends on
the time when the technological instrumentation is re-
ady. At the same time, the design of appropriate in-
strumentation significantly affects the efficiency and
quality of the further manufacturing process. In the
case of manufacturing processes, where the main ope-
ration is machining, the products obtain their shape by
removing subsequent layers of material in the process

of machining [12, 13, 20]. In this case, productivity can
be increased not only by changing cutting parameters,
but also by using a special tool or chuck, the use of
which will provide, for example, shorter clamping ti-
mes or greater accuracy. The use of handles and devi-
ces not only facilitates the work, but also increases its
efficiency. In a situation where high-performance ma-
chining methods ate increasingly used, the auxiliary
time for clamping the workpiece is disproportionately
high compared to the machine time [11, 18, 21, 22].
Therefore, it is necessary to take steps towards the de-
velopment of such structures in order to make this
time as short as possible. It should also be noted that
the most varied tooling can be found in machining |7,
17]. This is primarily due to the high number of ma-
chine tools available on the market and the need to
make many parts, often with irregular shapes and high
accuracy.

Taking up the task of designing a special tooling
for the production of specific products, the starting
point is an executive drawing of the final product [6].
This drawing is the basis for drawing a semi-finished
product and designing a special tooling, especially in
foundry and polymer processing. In machining machi-
ning, the basis is also the so-called machining in-
struction for a particular technological operation [1,
18]. The technologist uses specific symbols to mark
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the location of the support and mounting of the ob-
ject. A well-planned fixation method is the starting
point for the design of the holder for a specific opera-
tion. It is important in the construction of the tooling
to choose the material from which the elements that
make up the finished holder will be made. On this se-
lection depends the operation and durability of the to-
oling. Carbon and high-alloy tool steels are common
materials. Less important parts are made of higher qu-
ality carbon steel [3, 9, 10].

Each special tooling design shall be based primarily
on standardized components. This reduces the cost of
documentation and tooling. In addition, it is necessary
to follow the best practices that can guarantee propet
operation and reduce the risk of failure [10].

The aim of this paper was to develop a specialized
lathe chuck. The possibilities of using a universal
chuck as a base for designing and manufacturing a spe-
cialized chuck used during machining of cast iron rope
wheels were presented.

2 Development of a specialized chuck for
turning operations

2.1 Workpiece description

The workpiece for which this chuck was developed
is the rope wheels in passenger elevator produced by
one of the Polish company. Figure 1 shows an
example of a cast iron rope wheel with an external di-
ameter of 240 mm. Rope wheels are available in vari-
ous sizes with diameters ranging from 160 mm to 700
mm. They are made of materials such as cast iron, steel
or polyamide [15]. Depending on the configuration,
they have different number of rope grooves with vari-
able diameters.

Fig. 1Cast iron rope wheel with a diameter of 240 mm

The grip which is the subject of this work is desig-
ned to be used for turning cast iron wheels with dia-
meters from 240 mm to 580 mm. Grey cast iron EN-
GJL-250 according to PN-EN 1561:2012 was used
for casting of wheels. The choice of such material is
determined by the current needs of the company and
its machine park.

2.2 Workstation description

The details described above are processed on the
Mazak Megaturn Smart 600 lathe centre. It is a vertical
lathe designed for making large-size details of signifi-
cant diameter and large height. The number of ele-
ments that can collide with each other has been signi-
ficantly reduced in comparison with the number of
elements in vertical lathes of other manufacturers. The
machine has high rigidity and high torque while main-
taining high and stable accuracy.

2.3 Issues related to the use of specialized lathe
chucks

The development of a specialized lathe chuck was
created as a result of changing the machine from a
conventional machine tool, on which the discussed
rope wheels were previously made, to a numerically
controlled machine tool. The second factor was the
necessity to increase production efficiency.

Having a certain number and type of tools, it was
necessary to make a lathe chuck to allow the possibility
of machining rope wheels in order to make the best
use of the automatic work. Sandvik's production tools
are used to complete the machining of the wheels, as
shown in Figure 2. The tools are mounted with a
Capto toolholder. Due to the size of the workpieces
to be machined and the lack of stock, only three tools
with lower clamping can work at the same time: a rou-
ghing hole boring bar, a finishing hole boring bar and
a groove boring bar. More of these tools would make
it impossible to work because the tools would collide
with the handle during machining. The other two to-
ols used in machining, i.e. the longitudinal turning and
planning tool and the rope groove contouring tool,
have a lateral clamping.

L el
<4

Fig. 2Tools used for turning rope wheels: 1 - longitudinal
Planning and turning tool, 2 - roughing tool, 3 - finishing bor-
ing tool, 4 - groove boring tool, 5 - tool for contonr turning of
rope grooves [25]
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During the design of the chuck, the starting point
was the analysis of executive drawings and semi-fi-
nished parts. Having a drawing of a semi-finished
rope wheel presented in Fig. 3, it was possible to de-
sign an ergonomic mounting method.
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Fig. 3 Semi-finished products drawing of the rope wheel

It was determined that the internal surface of the
larger rim will be the retaining surface of the prepared
chuck.

2.4 Structural and technological assumptions

During the design of grips, it is important to make
a proper analysis from the perspective of a workpiece,
machine tool and worker. Initial analysis of the possi-
bility of mounting the workpieces proved necessary to
use a specialized chuck. As was mentioned earlier, any
special tooling design should be based primarily on
standardized components. Therefore, a three-jaw pne-
umatic chuck was used for the development: Kitagawa
NV24C15, which is factory applied to the machine.

During the development of the chuck, a modified
set of jaws with special overlays enabling the clamping
of wheels of different diameters was proposed. Du-
ring the design of this type of chuck it is necessary to
use as many universal solutions as possible and com-
mercial elements, thanks to which it is possible to mi-
nimize the costs related to the applied modifications.
During the implementation of the work, this assump-
tion was also assumed. Another structural assumption
concerns mainly the geometric properties of the
chuck. It was assumed that it should be compatible
with rope wheels with external diameters from ©240
mm to 8580 mm.

Preparing the required technological assumptions,
each considered case should be treated individually
and the correct technical parameters should be selec-
ted. The following technological assumptions have
been included:

e components made of appropriate wear-re-

sistant steel,

e possibility of making parts on a milling ma-
chine and a lathe,

e possibility of using standardized components,

e possibility of access to mounting elements,

e the weight of the chuck should not be too
high but should be stiff at the same time,

e the construction of the chuck holder should

ensure easy chip flow during machining,

e the construction should make it possible to
observe the workpieces and take measure-

ments in the holder, without disassembly.

Based on the commercial offers of companies
supplying materials, the choice of steel for the produ-
ction of jaw caps and T-inserts was made. Steel
16MnCr5 according to PN-EN 10277:2018-09 was
accepted. It is steel for heat treatment. Elements of
this steel type are characterized by high surface re-
sistance to wear. Semi-finished products in the form
of bars with dimensions of 8110 mm x 130 mm and
230 mm x 130 mm were selected.

The machining of the liner and T-bar inserts was
planned to be performed on the milling machine, with
the exception of the stop surface of the liner, which
was planned to be turned on the lathe. In the commer-
cial jaws, it was planned to make a serration and
milling of a notch for the clamping of T-bolts fitted to
the jaws.

The standard elements used for the preparation of
the lathe chuck were hexagon socket cylindrical screws
with thread dimensions M12 and M16. In addition, the
screw fixing holes were positioned to allow for easy
access. Considering the possibility of observing the
workpieces, it will be ensured because the mounting
will be carried out from the inside of the workpieces.

2.5 Specialized lathe chuck design

The design of the specialized handle was made
with the use of software supporting Solidworks de-
sign. The program has tools that allow you to design
structural elements in a three-dimensional workspace.

The design of the chuck involves the following
steps:

e model of Kitagawa NV24C15 chuck,

e  soft jaw model design,

e creating a model of special caps and T-bar in-
sefts,

e creation of the assembly with standardized el-
ements (fasteners),

e simulation of chuck operation for workpieces

with regard to collision.
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Definitely helpful was to create the Kitagawa
NV24C15 3D model shown in Fig. 4, based on the
available technical drawings of the manufacturer. It
was especially important to determine the pitch of the
lower jaws of the chuck.

Fig. 4. Kitagawa N1'24C15 3D model of the Kitagawa
NU24C15 in Solidworks software

The next step was to develop a jaw clamping model
with a 3 mm x 60° serration. Based on the data from
the DKT manufacturer, a soft jaw clamping model
with catalogue number MKS-M 530-6 was made and
modified. Appropriate cuts and serrations were made
in order to make it possible to use special T-inserts
responsible for mounting the holder, while the serra-
tion allows to increase the adjustment of the chuck,
which may contribute to its universal character.

Hexagon socket head
SCrews

T-bar insert

Soft clamping
jaws

Fig. 5. Construction of a specialized lathe chuck

In the next step, special overlays and T-inserts
were made for their fixing. It was important to choose
the right dimensions to increase the current jaws, the
possibility of using the aforementioned tools and to

avoid collision between the jaws and the workpiece
during mounting. The described elements were clam-
ped with hexagon socket cylindrical screws according
to PN-EN ISO 4762:2006. Soft clamping jaws were
clamped with M16x55 screws, the jaw faces were
clamped with M12x35 and M12x50 screws. Individual
elements of the holder are shown on Fig. 5.

Afterwards, the assembly of the designed elements
was created, as shown in Fig. 6.

Fig. 6. View of a specialized lathe chuck assembly

It was important to run the assembly in order to
run a proper simulation in Solidworks software. A
rope wheel model was inserted to simulate the assem-
bly. The first step was to simulate a mount with a rope
wheel model with a minimum assumed outer diameter
of 240 mm. The diagram in Figure 7 shows the
setting of the jaws when the wheel is being machined.
There were no collisions, which allows the use of this
chuck in the analyzed study.

Fig. 7. Schematic diagram of @240 nmm rope wheel monnting

In the next step, a simulation was carried out for
the maximum established wheel diameter - 580 mm.
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In this example it is also possible to mount a rope
wheels, and fig. 8 shows the position of the clamping

jaws.

Fig. 8. Schematic diagram of @580 mm rope wheel mounting

As the last one, a simulation was performed for a
wheel with a diameter of @400 mm. Particular atten-
tion should be paid to the possibility of a collision of
the jaws with the appearing ribs. No collision was also
observed for this diameter. As a result of the above
simulations, it was concluded that other wheels with
diameters ranging from 0240 mm to 580 mm could
be machined.

During the development of the chuck, a method
of wheel machining was proposed, which had to be
taken into account when preparing the technological
process and programming the machining paths for the
machining centre. Special attention was paid to the
possibility of machining the workpiece without the
need for many changes of fastening, because they are
time-consuming and require additional work.

Using the tools described above, the following ma-
chining sequence had to be created (Fig. 4):

e planning and turning the external surface us-
ing tool No. 1,
e groove turning with tool No. 5,

® Dbores roughing and finishing holes with tools
No. 2 and No. 3,

e groove boring with tool No. 4.

The above operations should be carried out in one
mounting, the planning of the other side of the wheel
should be carried out in universal clamping jaws. Du-
ring the machining of a determined number of work-
pieces, the first step is to carry out the machining in

the order shown for all workpieces, then to replace the
clamping jaws and machining the other side of the
wheel.

2.6 Advantages and limits of the proposed design

The proposed design has advantages as well as cer-
tain limitations. The most important advantages of the
handle are:

e possibility to machine workpieces with vari-
ous dimensions,

e cost-effectiveness in terms of costs and stor-
age,

e improving the ergonomics of the worker's

work,
e reduced preparation and completion times,

e adapting to the optimal use of tools.

The use of serration on the clamping jaws allows
for a flexible adjustment of the jaw spacing for each
individual workpiece, making the chuck a universal
chuck. Due to the small pitch of the basic jaws, which
is 6 mm, the execution of one set of jaws allows for
financial savings associated with the purchase of
further elements of equipment to adapt them to the
appropriate clamping and no need to prepare storage
space for subsequent jaws for wheels of different dia-
meters. Given the existence of unit production, the
need to change the jaws would require a worker's
effort due to the high weight of the jaws. Thanks to
the applied regulation, the preparation of the machine
tool for work was reduced significantly, which resulted
in reduction of preparation and completion times. Ma-
king a specialized chuck allowed the use of selected
tools without the need to purchase special tools for a
particular machining process.

The limitations of a designed lathe chuck include:

e relatively large mass of clamping jaws,
e necessity of proper setting on the serration,

e possibility of tool collision with the chuck.

Taking into account the dependence of the speed
on the mass of the jaws presented by the manufactu-
rers, it was concluded that for the mass of the jaws
approx. 11 kg the possible speed is limited to 1200
rpm [26]. However, due to the fact that the machining
is carried out on large cast iron workpieces, the speeds
will be much lower. Due to the additional serration,
the number of exact positions with the same offset has
increased from 3 to 6, which increases the risk of
mistake. When preparing machining programs, special
attention should be focused on the positioning of the
tools, as well as on the exact size of the clamping jaws
in order to avoid collisions.
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3 Conclusions

The holders used in machining processes are an
important part of the production process. The use of
holders is necessary in almost all technological proces-
ses. In most cases these holders are used to fix and
establish the workpiece, in some cases they have ad-
ditional auxiliary functions. Holders are used to incre-
ase the quality of manufactured parts and the effi-
ciency of the process, reduce the number of scrap and
production costs. Optimal selection of the holder all-
ows to increase the machining efficiency. This is done
by shortening the auxiliary times associated with the
establishment, mounting and unfastening of the work-
piece, as well as the possibility of machining with se-
veral tools, resulting in a reduction in the main time.

On the basis of the specialized lathe chuck model
presented in the paper, the correctness of application
of the proposed solution was demonstrated. The ana-
lysis of the correctly function of the chuck was carried
out by means of simulations. The opportunity to carry
out simulations allowed to introduce changes in the
design phase, without the need to incur unnecessary
costs. It was also helpful to perform an analysis on a
machine tool using tools to check the scope of their
work, which was an additional possibility to verify the
proposed solution, while at the same time it resulted
in the avoidance of mistakes. In the paper, the structu-
ral, technological and economic assumptions of the
presented chuck, which were fully met, were of par-
ticular importance. The presented design allowed to
process objects of different dimensions by using one
tooling. The process of manufacturing rope wheels
became more economical from the point of view of
the manufacturer and more economical for the wor-
kers who took an active part in its realization. In ad-
dition, the proposed solution contributed to reducing
the preparation and completion times of the process
and optimal use of tools.
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