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Abstract

In this study, the process improvement / Kaizen case study of a casting mold set-up process, was examined.
The aim of this work was reducing the set-up time and improving ergonomic conditions. Since existing
operating conditions cause a waste of time, an air impact wrench had to be used in the mold assembly
process. To be able to use the air impact wrench, a new geometry had to implemented on casting mold and
this design change was analyzed in ANSYS software to avoid a failure in working conditions. It was
concluded that the maximum stress on the mold was not at a level where it would cause failure. After the
initial geometry improvement process, a further ANSYS-Topology optimization process was conducted to
reduce weight of the mold. As a result, the set-up time decreased. Consequently, big benefits in terms of
cycle time, occupational health and safety, improvement in the process and cost have been achieved.

Keywords: ANSYS Static Structural, ANSYS Topology Optimization, Case Study, Kaizen, Process

Improvement

1. Introduction

In today's conditions, parameters such as production
speed, quality, cost and reliability have a great
importance in the globalizing producer-consumer
society. Process improvements have a critical value for
competitive manufacturers, as they reduce cost and
waste of time [1]. To improve their processes,
manufacturers are inspired by a variety of principles like
Kaizen, 6 Sigma and lean manufacturing [2, 3].

Kaizen states that improvement of the process by the
manufacturers is as important as the quality of the
product. It emphasizes that unknown or uncontrolled
parameters are a risk in terms of sustainability of the
product quality [4]. Many manufacturers implement
improvements by applying the Kaizen principles in their
work. Modarress et al. determined a case study and
defined Kaizen costs to reduce existing costs of Boeing
Commercial Aviation Company, improve quality, and
reduce cycle time [5]. Venkataramana et al. studied a

case to increase the export prices of crankshaft
production, which is the domestic production of an
automotive company in India. The production time was
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decreased by 40%, the production capacity was
increased, and production errors were reduced, resulting
in a higher customer satisfaction [6]. Kumar et al.
investigated the effects of Kaizen on production
techniques and delivery times to increase the
competition of small-scale industrial organizations in
India [7]. Kumar et al. reduced the stock level, delivery
time, cycle time by implementing the lean-Kaizen
principle in a medium-sized enterprise, thereby
achieving improved efficiency and improved product
quality [8]. Ozdagoglu et al. studied on reducing the
cycle time with Kaizen and lean manufacturing
principles of a company producing PVC films [9].

Designers must optimize their designs in today’s
competitive market in terms of cost and time. For this
reason, to survive in competitive and rapidly changing
conditions, fast, efficient, functional and cost-effective
designs should be introduced in this scope the efficient
utilization of CAD and CAE software becomes
compulsory. Additionally, topology optimization tools
are widely used to improve designs without succumbing
to unnecessary design iteration loops. Topology
optimization is a useful method to reduce weight
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without endangering safety or strength of the product
[10, 11]. In the literature many topology optimization
studies in many diverse applications can be found; some
examples are truck chassis, deck lid and undercarriage
[12], automotive chassis [13], automotive engine
mounts [14], machine tools [15], cast iron feeding
system [16], implants [17], [18].

In this study, an air impact wrench is selected to reduce
the production cycle time and improve the process
ergonomically. The manual mold assembly process is
not suitable for hot working conditions of the casting
shop due to dependence on manpower. For this reason,
the mold geometry has been redesigned to allow the
utilization of an air impact wrench. The maximum Von-
mises stress (equivalent stress) values of the original
geometry and the slotted geometry are compared using
at ANSYSS - Static Structural software. After the stresses
are examined and no risk is found, slots are opened on
the actual casting mold. Due to this slotted geometry,
the air impact wrench reduces work cycle time by 11
minutes and the workstation is improved ergonomically.
Finally topology optimization is conducted on the upper
plate of casting mold and Von-Mises stress (Equivalent
stress) results of the geometry obtained via topological
optimization is examined.

2. Materials and Methods

Different sizes of casting molds are used in the casting
factories depending on the product and molds on casting
machines must be changed in accordance with the
demands of production planning. This process is called
mold assembly. Safety, set-up time and ergonomics are
priorities of the mold assembly process.

The reason for working on the mold assembly station is
to provide better working conditions and reduce high
cycle time as seen in Figure 1.

Figure 1. Working conditions and casting mold
assembly process

Before making changes on actual casting mold, ANSYS
software is used to determine safety risks of the new
design by calculating stresses.

In the geometry shown in Figures 2.a and 2.b, structural
steel material is used for the lower pusher plate and
upper pusher plate, lower plate, upper plate, pillars
where the slots are opened, bridge, centering shafts,
upper plate dowel pins and centering bushings.

Upper pusher plate

Lower
pusher

Upper

plate plate

Lower plate

A

Figure 2.a. The representation of the lower pusher plate
and upper pusher plate, lower plate, upper plate, pillars
where the slots are opened, bridge.

Pillar

Table 1. Torque information table required for screwing-loosening the bolt regulated by DIN EN 1SO 4014-4018,
DIN 1SO 262, DIN 34800, DIN EN 1SO 4762, DIN EN 20 273 standards [19].

Size Strenght Assembly preload forces Fmrab in kN for pc = Tightening torques Ma in Nm for pk = pc =
Class
0,08 010 012 014 016 0,20 0,24 008 0,10 0712 014 016 0,20 0,24
8.8 107 104 102 99 96 91 85 220 259 295 329 360 415 462
M 10.9 152 149 145 141 137 129 121 314 369 421 469 513 592 657
18 129 178 174 170 165 160 151 142 367 432 492 549 601 692 769
8.8 136 134 130 127 123 116 109 308 363 415 464 509 588 655
M 10.9 194 190 186 181 176 166 156 438 517 592 661 725 838 933
20 129 227 223 217 212 206 194 182 513 605 692 773 848 980 1092
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Centering

bushings

Upper plate
dowel pins

Centering
shafts

Figure 2.b. The representation of the centering shafts,
upper plate dowel pins and centering bushings on the
mold geometry.

In the geometry shown in Figure 3.a and 3.b, the side

cores materials are cast iron, the upper core is hot work
tool steel, and the bottom core is mold cast steel.

Side cores

Figure 3.a. The representation of the side cores.

A: Static Structural
Force 2
Time: 1,5

Upper core

Bottom
core

Figure 3.b. The representation of the upper core and
bottom core on mold geometry.

After modelling the individual components, the contact
conditions are defined. The number of mesh elements is
1.249.023 and the number of nodes is 1.872.114. As
boundary conditions, the weights of the upper and lower
plates in Figure 5.a were determined to be 1540,8 N.
The force of the hydraulic press has been determined to
be 62860,6 N applied to the cylindrical upper surfaces
of the bridge elements. As a boundary condition, the
surface of the mold that contacts the ground is taken as
a fixed support as shown in Figure 4.

A: Static Structural
Fixed Support
Time: 1, s

. Fixed Support

Figure 4. Fixed support surface of the mold that the
contacts of the ground.

In order to compare the stress results, the same
processes are repeated on the slotted geometry with
same boundary conditions as shown in Figure 5.b.

C: Copy of Model, Static Structural_Kanalsiz
Static Structural

ANSYS
12.11.2018 1446 g
[ Force: 62861 N

[BJ Force 2:15408N

[B Fixed Support

400,00 (mm)

200,00

Figure 5.a. Force values shown on original geometry
and display of fixed geometry (fixed support).
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A: Static Structural
Fixed Support
Time: 1, s

ANSYS

R18.2
[ Force: 62861 N
[Bl Force 2: 15408 N
[B Fixed Support

0,00 500,00 1000,00 {mm)
]

250,00

Figure 5.b. Force values shown on slotted geometry
and display of fixed geometry (fixed support).

750,00

o

Figure 6.b. Actual view
of the mold before
revision.

Figure 6.a. 3D geometry in
ANSYS.

The slots are applied in the red circled corners as shown
in Figure 6.a. As seen in Figure 6.b, non-ergonomic
condition is encountered during the casting mold
assembly. Since the air impact wrench is not physically
suitable for the region due to restricted space in the
corners of the mold where the assembly process will be
performed, it is necessary to implement a slot on the
mold corners.

As shown on Figure 7.a and 7.b, certain material
removal on the corners are necessary so that the torque
wrench can reach bolts, also stud of the torque wrench
should be extended for greater length. Air impact
wrench has a specified working torque range of 250-
1250 Nm to supply 773 Nm of torque as shown in Table
1.

To compare the static stresses on the slotted model, the
slotted casting mold geometry is modeled as in Figure
8.a. The operation is carried out on the casting mold
upper plate’s corner as in Figure 8.b after positive
evaluation of Ansys safety examination.

After the slotted geometry is created and the analysis
conditions are prepared, topology optimization process
is defined on the slotted geometry at ANSYS- Topology
Optimization module. The aim of topology optimization
is to reduce the amount of raw material during the mold
production and to create a lighter upper plate design that
supplies the tension values
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Figure 7.a.
Air impact
wrench

intermediate
lever  and
end bits
view.

Figure 7.b.
Dimensioni
W ng of the
slot opened
/ on the mold
and 3D
geometry.

Fi‘ure 8.b. Image of
the slotted mold.

Figure 8.a. 3D geometry in
ANSYS.

In this way, the optimum design that will provide a
reduction in raw material costs is created.

In order to perform topology optimization, the upper
plate is chosen as the region where mass removal will
be applied. The solution method is chosen based on the
topology optimization as density based [20]. The
parameter to be changed on the upper plate is mass,
75% of the mass is preserved (response constraint). As a
result of the change in the mass, static analysis results of
slotted and original geometry are examined. Design
verification studies are carried out without any financial
or time loss thanks to the simulations performed in
computer environment [21].
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3. Results and Discussion

3.1. Cycle Time Changing ANSYS

R18.2

Maxc 60582
Man: 0,137

Before the improvement process, the mold assembly
process was 20,3 minutes on average. After
improvement, process is decreased to 9,1 minutes on
average because of the 6-month project implementation.
In this way, the cycle time is reduced by 11,2 minutes as
shown in Figure 9.

Cycle times of Casting MoldAssemblyProcess (CMAP)

telon [ A

" - UCLs 240
. .
1 \ e R tesam
» e ..' e - o n /I\
| e .  ————— 2 x
Phespe h‘.‘.,-'.‘- “ -
W22 > | . - -
Teip Figure 10.a. Von-Mises stress (Equivalent Stress)
h vclatt o results of original geometry
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’ Type:tq R18.2
G100 LOTI0M 0120 1OT00W L0201 100007 150200 157.00% LLON 13t .lrJ:n";':%
Time (Day.Month.Year) M-
Figure 9. Before and after project cycle times of casting P

mold assembly process (CMCP) 5

An average of 11,2 minutes of change in cycle time 15
means that a total of 101,1 minutes of profit is achieved ;
per day in 3 shifts, assuming that an average of 3 molds
are changed in the shift. Since the average cycle time of
a rim is 330 seconds, it means 101,1 min * 60 seconds /
330 seconds = 18,4, meaning that there can be
approximately 18 additional casting wheels per a day.

000 400,00 (mm) /I\‘
L S— S X

3.2. Slotted Geometry w0

Figure 10.b. Von-Mises stress (Equivalent Stress)

The results of the original geometry and slotted upper results of slotted geometry

plate geometry modeled in the ANSYS-Static Structural
software are shown in Figure 10.a and 10.b.

In the original geometry shown in Figure 10.a, the
maximum Von-Mises stress (Equivalent stress) caused
by the boundary and loading conditions of the upper
plate is 60,6 MPa. The maximum Von-Mises stress
(Equivalent stress) caused by the same boundary
conditions and load on the upper plate is shown in
Figure 10.b and is found to be 46,7 MPa.

Figure 11. Topology optimization on slotted geometry

molds according to the static stress value results. In this
As a result, the maximum Von-Mises stress (Equivalent  way, while the stress values are decreasing on the upper
stress) value of the upper plate in slotted geometry is plate, the casting mold assembly cycle time has
lower than the original geometry. It is concluded that decreased by an average of 11, 2 minutes. So a lighter,
the slot opened on the upper plate can be applied on the  more ergonomic, and safer solution was found.
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3.3. Topology Optimization

The topology optimization is performed on the upper
plate with ANSYS-Topology Optimization module as
shown in Figure 11. 25% of the mass is reduced on the
upper plate and a reduction of approximately 31 kg is
achieved after optimizing the upper plate. However
static stress values are also critical in the slotted
geometry so a new static analysis of the new optimized
geometry with the same boundary conditions as before
is performed and the results were compared in Figure
12.aand 12.b.

ural Kanal Acilmis

ANSYS

R18.2

Min: 0,0029315

a5

>

400,00 {mm)

20000

Figure 12.a. Slotted geometry analysis of the upper
plate

C: Model, Topology Optimization

ANSYS

R19.2

Figure 12.b. Optimized geometry analysis of the upper
plate

At a first glance an axisymmetric 4-sided material
removal would be expected, but actually the bridges on
top of the mold are positioned as a rectangle and are not
axisymmetric. As seen in Figure 12.a, under the
boundary conditions of the slotted geometry, while the
maximum Von-Mises stress (Equivalent Stress) of the
upper plate is 46,6 MPa, as seen in Figure 12.b, the
maximum Von-Mises stress in the optimized of the
upper plate (Equivalent) Stress) is 22,2 MPa. The mass
of the upper plate is reduced 31 kg. The decrease in the
maximum Von-Mises stress indicates that the optimized
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upper plate can be used in future mold designs. The
decrease in the mass on the upper plate will provide
mold casting with less cost and more functionality on
the increased wheel dimensions designs.

4. Discussion
As a result of the work done,

* Field work was carried out to improve the casting
mold assembly process. Air impact wrench was
provided to supply the required torque level for the non-
ergonomic changing procedure with a long cycle time
and an improvement was made in the changing
procedure.

«Suitable slots for the end bits and intermediate lever
were opened in the corners to allow usage of the air
impact wrench. After the geometry was slotted, the
maximum Von-Mises stresses were taken into
consideration. It was concluded that the stress on the
upper plate decreased.

*As a result, the cycle time was reduced by 11,2
minutes, saving enough time to produce 18 wheels per
day. In this way, the efficiency of the slotted geometry,
which had less strain than the original geometry, in the
changing process had a positive effect on the annual
profit of the company.

» Topology optimization had been made on the upper
plate of the casting mold to be produced in the future.
25% of the upper plate mass was reduced by 31 kg in
total and the maximum Von Mises stress on the upper
plate was also reduced. In this way, the cost of raw
materials had been reduced and a better mold design
had been created in terms of fatigue because of the
decrease in tension.

In the future slotted geometry will carry out on casting
mold and experimental work will investigate. This
geometrical improving may applied to other wheel
moulds. This approach may be used for other moulds,
equipments and apparatus.
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