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Currently, most of the companies in the Machine Tool Industry adopt the method
of the Lean Factory to improve the manufacturing capability and process and
decrease the manufacturing cost. On the other hand, the manufacturing capability
& process will not execute smoothly without bearing a proper adjustment to
workforce assignment although the Lean Factory is applied. The primary issue is
that one of each manufacturing process does require various and specific techniques
and also it is not an easy job to cultivate a technician with the expertise in multiple
techniques. Although they have done the Future Value Stream Mapping (FSM)
under the condition of the purchase orders released for the numbers of model with
the requirement of various manufacturing capability & process, it is still a big
issue of how to make the appropriate workforce assignment to be supportive to the

Future Value Stream Mapping (FSM)
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This research brought you a systematic method to resolve the issue of
workforce assignment when having multiple models bearing small quantity
respectively. The method starts with the design of Future Value Stream Mapping
(FSM) which is usually made by the individual machine. To apply the Lean seven
principles to design of Future Value Stream Mapping (FSM) and try to find the key
process, and to relocate and categorize the manufacturing process as the main line
and sub-line along with supermarket which enables the lead-time will be affected
while the mainline makes it. The other key point design of Future Value Stream
Mapping (FSM) is the consideration of workforce assignment. When re-design
one of each manufacturing process, it needs to define the person’s time spent for
the accomplishment of one particular manufacturing process. Once the several PO
released with requirements of various models, To apply the integer programming
(IP) can find the optimal workforce assignment which enables one of each PO
bearing various models moving smoothly based on its FSM
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Purchase Orders, and the makespan decreases from 28.03 days down to 12 days
without adding any additional workforce. The implementation of the proposed
method is very favorable, and the result of the research indicates the feasibility to

be applied to the real world
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The machine tool industry bears the characteristic of many part numbers in small
quantity demand, and it will not be produced until in receipt of the PO. The
machine tool normally is with heavy weight, large volume and it is difficult to move
and flow in the production line. In general, the way the machine tool is built at the
place where itlocates and the technicians take the turn to finish their job. One of each
process does require different kinds of techniques; for instance Scarping, high
precision adjustment, laser calibration...and so on. All of this technique and skills
takes very long time to learn and practice before the learner is familiar with it.

Therefore the novice can only start their job by doing sheet metal assembly and oil tank

assembly, so the huge gap of the technique happens among the experienced and



inexperienced workers which differentiate the time they need to finish the
assignment/assembly. When the machine tool manufacturing company face the
multiple PO requires different techniques applying to different models, they still need
the sufficient supportive man force although the FSM for one of each part number is
done or the manufacturing flow is not going to be smooth butlimp instead. Therefore
the research considers the different technique the worker bears when the decision of
workforce assignmentis made. The accomplishment of the PO with no any additional

workforce, but the job was done early.

MATERIALS AND METHOD
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Wang et al. (2014) find the solution to the issue of the arrangement to the operating
room. Initially, he started with making VSM and realized that they used to categorize
the operating room by the pathology. This arrangement enlarges the deviation of time

they need and leads to the extension of the overtime for the medical staff. Therefore




they tried to change it to the time a surgery needs and re-design them and then apply
integer programming to optimize the operating room and finally decrease the expense
of overtime for the medical staff.
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The research is specifically for the machine tool industry and uses the seven
principles to build the FSM and also use the integer programming as the solution to the
people assignment and to collect the information of manufacturing capability&process
to build the VSM and to use the seven principles to build the FSM. Finally to use
integer programing to assign the people to the operation of FSM smoothly.
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The model of integer programming is illustrated in drawing ONE as shown,
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The drawing ONE the relation between working

capability/process and working period

- 4 % #c: a general variable
i€l:%x5I1®E 1 -lemployeein total
j €J:% 3 J® ®4E - | manufacturing capability&process
ke{l,.,K} : ®l 2 p# & % % - The definition of time for manufacturing

capability&process
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The time the employee i needs for proceeding the manufacturing capability & process
of j, please give a relative maximum value when then process ithe s not applicable

t€{0,1,..,T}:1 ¥ #§ =B €& - The definition of working period and coverage

0 €0 :% 7 0%37H - Total numbers of Purchase Order as o

E,€],Voe0 % 4378 % = ehk ¥ % 42 - The accomplishment of the last
manufacturing capability & process for one of each PO

F,e{1,..,T}, Vo€ O & £ H = & ehpF 8 - The time to the accomplishment of
one of each PO
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the default time of k for a manufacturing capability & process or 1

M: 372 P RSTH A EE N A T 58 ¥ X & o The definition of the absolute
maximum for the establishment of the specific scheduled mathematic model
A% % ¥ decision variable

X;;€{0,1}:% R rivafdg jeny i¥pF 5 1> F A5 0 Itis1whentheemployeeito
proceed the wor withk of manufacturing capability & process j or 0
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1 when the employee i at the time of t and start proceeding the job of the manufacturing
the ng process jor 0
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after the employee i at the t th moment of time within a certain period of time and start

proceeding the job of the manufacturing process j

S; €{0,1,..., T} : @ 42 cide 4 p* B Bht o Theignition time point t for the manufacturing

process of j



fi€{l, .., T} : @l Az jen = & pF & 8.t - The termination time point t for the

manufacturing process of j
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One assigned person is to execute the specific manufacturing process shown in a
mathematic formula of 2.1
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One of the each executed manufacturing process must be activated and executed
once within scheduled period shown in 2.2.
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The same person within a time moment can execute only one manufacturing process

job shown in 2.3

4. Fgglapena (FPER R dpink R TER 4 R0 dest 24 47T o
The working hours for one of the manufacturing process is decided based on the
assigned people’s working capability shown in 2.4
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Once the specific manufacturing process starts , it must be accomplished
independently by the same assigned person, the P;; is the time he starts the work
in this manufacturing process, the definition for the execution to manufacturing
process of j at the t th moment of time, (once it is activated), at the P;; th moment

of time later on must be executed by the same person of i shown from 2.5.1 to 2.5.4
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The time the specific manufacturing process begins is also the moment to start such
a manufacturing process (Zitj's t) shown in 2.6
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The time to accomplish one of each manufacturing process is the time to begin such
a process plus the time spent in the process shown in 2.7
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To define one of each process j in 0 purchase order chronologically shown in 2.8
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the time to accomplish 0 purchase order is also the time of the accomplishment of

one of each manufacturing process E4, E,, ..., E; shownin 2.9
RESULTS AND DISCUSSION
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7| ¢ AR kI Y &5 B - The caseis designed based on the scenario of four-part
numbers of model in five purchase orders. The production generally will not begin
without in receipt of purchase order. The time to sign-up the PO may vary and the
early sign-up PO bears certain part of PO has been done, The four models in the case
in sequence are medium size of series A, the large size of the series A, medium size of
the series B, large size of series B.  Initially to the collect the information based on the
research steps for one of each manufacturing process and also make the VSM for all

four models. The drawing 2 is the VSM for the medium size of series A.  In addition, to



make the FSM based the AlsoA
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Drawing two the VSM for the medium size of series A
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BEApERrd 2803 % 4®3] 12.5 % - Finally to input all the numbers and data
into the integer programming model and look for the optimal workforce assignment
and expect the smooth operation of the FSM for the five purchase orders. The result
shows that under the arrangement of optimal workforce assignment, the utilization
rate moves from 41.4% up to 91.6% and the total day consumption shorten from 28.03

down to 12.5 days.
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Drawing three the FSM for the medium size of series B

S5iEas 20 @& sUp - @Az five main production lines twenty sublines and

independent manufacturing process
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Chart 1 the indications of befroe&after the improvement in the case of scenario

4p#% index :z i # before ¢z & {$ after improvement
improvement
1.% = PF R time to finish | 28.03 = 28.3 days 12,5 %= 12.5days

2.5, 4 1PE(% Bl4) total | 116.05 = 116.05days | 114.5 = 114 days

manual working hours
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of people hired

4.4 R fp%+ 5 the 41.4% 91.6%
utilization rate for the

people

CONCLUSION
Flv AR = Bl dsed 1 S enilaz 0 B A LArRIARL A 0 d A ki ER

EAENTRR IR ) ARNWUERET RATIY > F S B REA AR

—Eﬂ
w
\#

K
[ EET o AMA R PR PR AR ke FIR 1 BB AR
AR SRR A R AT AT R ET ALY BN
WP e AFTE G FHRAIED AR B A BARF L AR 1 R
AP L AERFR A ARRAFRE PRI BRBEFR S AT R
M2 22 EFRVER PRE? QL EELFTUAFTRT EBHFTIHFLED
S o

To adopt the lean seven principles to improve the manufacturing process in the
machine tool industry and to categorize the main line and the sub line. Also to use
FSM to shorten the required days to accomplish the production and to use the time
consumption in the main line to decide the delivery day. When the FSM for numbers
of the model run simultaneously, the persons who are assigned to work in the
mainline becomes a critical point, because it is hard to cultivate employees with
multiple techniques in the machine tool industry, the right persons have to be
assigned correctly to carry out the function of multiple lines of FSM running smoothly.
The research uses the integer programing to build up the model of yielding the

optimal workforce assignment and resolving the issue of having trouble to work

accordingly among all the manufacturing processes and the allocation of the
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workforce. The result of the research is very favorable with good feasibility and
potential which may help the small to medium size of business to work on the lean

production within the constraint of the workforce

11



