Development of New Method for Choosing
Standard Components Subject to Minimal
Cycle Time and Minimal Sum of Purchasing
Cost

Tan Nguyen Dang' and Manh Cuong Nguyen™™"

! Hanoi University of Mining and Geology, Hanoi, Vietnam
* Thai Nguyen University of Technology, Thai Nguyén, Viemam
mmcuong@tnut. edu. va

Abstract. An assembly line is made from different machines and a machine
can contain different stations and function camiers. Each function carrier even is
performed by different standard function carier variants. The designer can
calculate and select the available function carrier variants t© construct into a new
machine. The advantages of wsing the available function carriers are the low
cost, reduction of design and manufacture time and improvement of machine
waorking life. If 2 machine has n function carriers, each function camier contains
m variants, Hence, there are n™ combinations to make the machine. The number
of these combinations increase rapidly according to a large number of function
carriers. To select the suitable function camier variants subject to optimal cycle
time and total purchasing cost, the designer cannot manually select the best
solution from so many options. Nowadays. there is no effective method w solve
this problem. To solve this problem, this paper will set up the operating cycles
for an assembly machine and establish linear optimization in standard form for
choosing the best function carrier variants from the given database. To minimize
both the cycle time and total purchasing cost of an assembly machine, the linear
programming must contain two stages and run in sequence. The large linear
optimization is programed and solved by using the IBM ILOG CPLEX Opa-
mizer. The optimal results will be exported to tables in a database. This makes
the designer easy evaluate and select the best solution. In addition. designer can
expand the scope of study to design other machines.

Keywords: Assembly machine - Cyele time + Function camier - Linear
optimization + Standard component + Total purchasing cost

1 Introduction

1.1

Compensation of Cycle Time

L
Chach far
uptates,

The product portfolio of numerous companies, such as Schunk, Zimmer Group, Festo
or Bosch ete.. includes standardized components with technical data, which are stored
in catalogues or databases. These data mainly include dimensions, load capacities,
repeal accuracy, speeds and acceleradons as well as possible cycle dmes [1. 2].
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This study used the computer software IBM ILOG CPLEX to solve the linear
optimization. All of cycle time, total purchasing cost and selected function carmrier
variants are exported in the tables of Microsoft Access. Based on these results, the
designer can easily choose the suitable solution.

Acknowledgement. The work described in this paper is funded by Thai Nguyen University of
Technology.
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Fig. 8. Path-time diagram of station 1

4 Conclusions

The most important parameters of an assembly line are capacity and assembly cost. To
reduce the assembly cost and increase the quality of machine, the designer should use
the standard components. A large amount of function carrier variants can be chosen. It
makes the designer difficult decide, which vanants are beter. For each solution, he
must calculate the cycle ime, total purchasing cost This manual method spends a lot of
time and cannot find the best solution. This smdy has shown the new method to
optimize the cycle time and total purchasing cost by selecting the suitable varants from
a given database. The main contents of this new method can be described as follows:

o The path-step diagrams of all station of a machine and assembly line must be
established. These diagrams will determine the constraints of linear optimization.

» Based on the function camiers, the function carner variants are listed and added to
the tables of Microsoft Access.

o The standard form of linear optimization contains two stages. The first stage
minimizes the cycle time of an assembly line. The second stage minimizes the total
purchasing cost. The constraints of linear optimization are execution times of
function carrier variants and path-step diagrams. To find out the other minimal cycle
time and total purchasing cost, the constraint of ol cost is defined in the stage 1.
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where:

ZTCT1 o ZTCT4—change points of the divider No. 1

GFCT1 to GFCT4—change points of the gripper No. 2
WSCT1 to VSCTS—change points of the vertical slide No. 3
HSCT1 to HSCT4—<change points of the horizonal slide No. 4
RST1, RST2—<change points of the rotary indexing table No. 5

The results after stage 1 and 2 in Fig. 8 represent only the list of selected FCV. To
control the points of tme of each function carrer in the path-step diagram, the selected
FCV, points of time, and costs are written to the other tables in database 2. Based on
the points of time of the selecied FCV, the dme-step diagrams will be created. The
differences between the selected vanants in stage 1 and 2 are the moving times and
purchasing costs. These differences are shown by the path-time diagram in Fig. 16,
example for station 1.

The cycle tume of station 1 was determined by the end times of the mtary indexing
table No. 5, horizontal slide No. 4 and divider No. 1. In stage 1, these times are:

thsr2 =076 8, oy = 0898, and Ly, = 0895

In stage 2, the other variants of the rotary indexing table with the bigger step times
and lower costs is selected. The step time of the rotary indexing table has a value of
0.44 5 instead of a value of 032 s. The end time of the mtary indexing table is
thst> = 0,89 s and does not exceed the cycle time T* = 0,89 s.
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Fig. 5. Automatic rotary indexing machine

1- divider; 2- gripper; 3- vertical slide; 4- hovizontal slide; 5- rotary indexing table

Fig. 6. Construction of station 1

Figure 6 shows the fuonction carriers of station 1 and their working principles.
A Chip holder is separated and handed over to the chip holder feeder. A transfer of the
chip holder to the workpiece carders on the rotary indexing table is generated by a pick
& place module, consisting of a horizontal and a vertical axis,

In this example, the automatic mtary indexing machine contains five stations, so it
requires to create five path-step diagrams. The cycle begins with the transfer of a chip
holder in the gripper to the workpiece holder on the rotary indexing table. The path-step
diagram of station 1 consists of nine steps and is described in Fig. 7.
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To assemble a chip, socket in chip holder, a handling process will be arranged in
five stations:

Station 1: Handover a chip holder

Station 2: Insert a chip into chip holder
Station 3: Insert a socket into chip holder
Station 4: Attendant test a chip in chip holder
Station 5: Ejection a chip holder

The new method for choosing standard components subject to minimal cycle time
and minimal sum of purchasing cost can be applied in the different assembly and
handling machines. In this paper, the new method is used in finding the best funcion
carrier variants (handling module) of an automatic rotary indexing machine. This
machine contains five stations (see Fig. 5). To optimize the cycle and purchase cost of
components, it is necessary to point out the sructure of each station, component as well
as the work cycle. This example will present the configuration of station 1 as well as the
path-step-diagrams of station 1 to station 3. The remaining stations are conducted
similarly.

To optimize the cycle and purchase cost of components, it is necessary to point out
the structre of each station, component as well as the work cycle, This example will
present the configuration of station 1 as well as the path-step-diagrams of station 1 to
station 5. The remaining stations are conducted similarly.
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It is essential in stage 2 to integrate total purchasing cost and the cycle time T into
one optimization model. To optimize the total purchasing cost, the total cost of all
selected FCV must be minimized. The purchasing cost of an FCV v of the function
carfer k is called ¢,. Thus, the objective function of stage 2 is defined:

4 : E : . 4
min Csum < min Zm—'.‘i Zm:F., vere " P )

Cycle Time and Total Cost of Diagram
After solving the optimization problem in stage 1 and 2, only one solution is found.
The FCV according @ minimal cycle time and total purchasing cost are issued. The
minimum cycle time is often not a primary goal to select an assembly machine.
A designer wants © know, how much a machine costs with a given cycle time or how
long the cycle time takes with a given total purchasing cost.

By manunally changing the FCV in a database, the different values of the cycle time
T and total cost Cgppy can be determined. However, it requires different tests and is not
suitable for such an assembly system with numemus FCV. To solve this problem, the
given total cost Cgypy will be defined in sige 1.

Zm—:ﬁ Zu cF, Zperl € Ay < Coum (12)

3 Application Example

An example for assembly product consists of three individual parts: a socket, a chip and
a chip holder. Since both the chip and the socket are inserted into the chip holder, the
chip holder is a base part. The shape and dimensions of the individual parts are shown
from Fig. 4.
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For a function carder &, only one FCV v is selected. Therefore, the sum of the
values of binary variables is wntten:

Zn;r, ’{.- =1V¥eeS5 keF, (8)
wherne:
T, - Setof all FCV of the function carrier
KE U F,

Thus, the variable ] » is redefined:
£, = Zn;r. oA, VeeSkeF, peP (9)

whene:

PY - Set of all executions/processes of the function camier « of the station a. It
should be noted that ¥p € P} : {pstarT.pEND} C A}

¥ - Catalogue parameter represents the nominal execution time of the execution p
of the FCV v of the function camier x € F,, in the s@ation o,

From the Eq. (11}, the secondary condition (8) is rewritten:

B — Boppiii 2 D r, B M V€S, R EF P CPE (10)

Stage 2: minimum total purchasing cost according to the condition of cycle
time

Stage 1 minimizes the cycle times of all stations, This means, that only the FCV
with the smallest execution times from all FCL are selected. Therefore, all stations
contain the FCV with the shortest execution times. There are usually different cycle
times between these stations. The stations, which have cycle times less than the cycle
time of the system T = Ty, can choose another FCV, can select FCV to have alonger
execution times and cheaper purchasing costs. For this reason, the optimization
problem will be run in stage 2. For the second stage, the cheaper FCV than FCV in
stage 1 are searched, so that the new cycle times of the smtions do not exceed the cycle
time T'. The different resulis between the first and second step are shown in Fig. 3.
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objective function min T
under the constraints

T 2Ty, Yoe & (4
T,>f, YoeS,keF,,dc Al )

To shrink the many constraints above, the end times of the cycles of each station
must be determined. In addition, the times of all function carmiers in all stations must
also be defined. These times are determined by the following conditions:

— Relationships berween the times of the different function carmriers inside a station
and outside other stations:
In the path-step-diagram, there is one or more changes of operations in a siep. To
calculate the points of time, the relationships between these changes must be
considered. For example, in a step i (path-step-diagram) of a station o, a function
carrier k ends a movement at the point of time 1} ;, and a function carrier & begins a
movement at the point of Gme r: 3 Thus, such relationships must be represented by

the following constraint. To determine a stari-time movement of a function carder
in step 1 (cycle stam), its time is assigned 0.
fis>a (5)
— Relationships between the stant and end times of a function carfer;
For an operation p (for example, opening or closing of a gripper) of a function
carrier & of astation o, there are a start time ff_mm as well as an end time f:.mm' its
difference represents the actual operating time of the operation p. Therefore, the
following constraint must be defined:
fx.pm - f:_pﬂ_m Ef:un {6J
where: the positive varable r; , on the right side represents the minimum actual

operating time of the execution p and depends on the function carrier variants
{(FCVs), which 1s selected for the function carner k.

In most cases, the nght side of the constraint (8) must be considered not only for a
single FCV, but also for the FCL. Therefore, a binary variable 47  is introduced for an
FCV v of the FCL. The value of the binary vanable 27  shows, whether an FCV v is
selected in the list of a function camier x. '

K (7)

o _ J 1, chosen
“xr = 10, otherwise



332 T. N. Dang and M. C. Nguyen

2.2  [Establish the Optimization Problem by Mathematical Formulas
The optimization problem will be described by following standard form:
Stage 1: minimization of cycle time

In this section, the opimal cycle time T of the entire assembly system is assigned
by the biggest cycle time T, of all stations, or in other word, the cycle time of the
assembly system T is determined by the slowest station.

T =max T, (1)
where:

3 - Set of all stations of the entire assembly system
T; - Cycle time of a station 0 € 3

The cycle time of the station o is defined by all points of time of the function
carriers of the path-step diagram:

Tf=anEIFdf"

v VP ES (2)
d € Af

where:

F, - Set of all function carries of the station o £ 2

A? - Set of points of time in the path-step diagram of the function carder & € F, in

the station o

t, s - Points of time according to a change of operation & € A7 of a function carrier

Kk in the station o

Therefore, the minimization of the cycle time T applies to a min_max optimization
problem. That means, the objective function is to minimize the maximum cycle times
of all stations:

min T 4 min(max s T;) < min | max ceES !f& (3)
ke lF,
d € A7

Currently, the objective function () has non-linearity, but can easily be reformulated
and linearized by a series of constraints:
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operation, e.g. switching a rotary indexing table, starting or stopping a slide unit, is
referred to a step. A cycle begins with step 1 and ends with stiep n (see Fig. 1). After the
last step n has completed, a new cycle starts. With a focus on minimizing cycle time, a
diagram should be set up so that camier functions have the least waiting time as
possible.
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Fig. 1. Path-step-diagram of a station

As a means to define the time varables of the function carriers and the cycle time of
a station, the change of operation is labelled in the path-step diagrams. For example,
eight changes from 1 to 8 are defined for the oscillating movement. Thus, the events of
this function camier differ from other function carders.

The optinization program selects the function camier varants (FCV) from the
function carrier list (FCL) according to the defined restrictions. Therefore, the FCL
serve as the input parameters of the optimization problem. The execution time and
purchasing cost of an FCV are the critena for selection. Thus, the times, e.g. @st or
measurement time, movement time or response time of FCV as well as the purchasing
cost, must be given in the databases (see Fig. 2).

function carrier list (FCL)  function carrier variani (FCV)
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Fig. 2. Structure of database of an assembly system in MS access
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To perform the assembly and handling, function carriers are often used that implement
assembly and handling task. A strong trend in designing machine is the use of stan-
dardized component units to reduce design time of complexity assembly lines [3, 4].
With a focus on selecting suitable components, criteria of function carriers must be
defined, such as types, capacity, price, effectiveness and service [5]. The priority for a
desired system is not only the shortest cyclk times, but also an optimuom
price/performance ratio [6]. Minimizing the cycle time T' is an imponant step in the-
planning and design of an assembly system. By minimizing the cycle time, different
target values can be achieved [7].

The assembly and handling operations are assigned to the various stations. Due o
the different assembled products with the different assembly and handling operations,
there are different cycle times between the stations [8]. To compare the cycle times of
individual stations, the cycle time diagram should be created. A cycle time diagram
shows the station with the maximum cycle time T, which is the so-called bottleneck
station and reduces the efficient ndlization in the assembly line, This assembly and
handling processes in the stations with shoner cycle times than T, must wait for the
bottleneck station [9]. The following methods can be used to reduce the different cycle
times and eliminate the bottleneck station. To balance the cycle times between the
stations in assembly line, the assembly and handling operations are renewed to allocate
to the different stations [7).

1.2  Removal of the Bottleneck Station

To select elements from sets of function carrer vanants according to the objective
function of the cycle time and purchasing cost, nowadays there is no efficient method.
Many companies in the Germany, designing assembly machines such as SIM
Automation GmbH, USK GmbH etc., manually select these elements from the supplier,
and then calculate the raw cycle time and total purchasing cost. If a machine has n
function carriers, each function carriers contains m variants, there are o™ different
options for selecting the componenss of the assembly machine. Therefore, if the
selecting process is manual, the number of tests will be extremely large, and it will not
be able to find an optimal solution. The goal of this research is to build an algorithm to
find an optimal solution according to the given conditions in term of minimal cycle
time and total purchasing cost [10]. An assembly system comprises different stations, a
station consists of the different function carrers.

2 Methods of Study

2.1 Describe the Operations of Assembly and Handling Function
Carriers

The operations of all function camiers are determined based on the assembly and
handling task. These individual operations of a function carder in the station decide a
cycle time of a sition. To determine the cycle time of the station, all operations must
be indicated in path-step diagrams and divided into different steps. A change of



