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Abstract 
Background: In a batch production series consisting of several 
process stages for discrete products, the determination of the transfer 
batch size greatly affects the batch waiting time. For production using 
a Computer Numerical Control (CNC)-machining center, several 
process stages can be carried out on one machine with quick setup. 
The use of a single machine for all stages of the process certainly does 
not require transfer to the next machine. Thus, there are no material 
handling costs. However, the use of a single machine will result in 
longer batch waiting times as the production batch size increases. An 
increase in the batch waiting time will result in an increase in work-in-
process (WIP) inventory cost. This research was conducted to reduce 
the total variable cost consisting of WIP inventory cost and material 
handling cost. 
Methods: This research was conducted in two steps. The first step is 
to divide the process stages, I into m serial CNC machining centers, 
where in this study I=m. The second step is to determine the same size 
of transfer batch, Qij for a certain number of transfers, J that produces 
the minimum total variable cost. 
Results: The results showed that J=5 resulted in a total variable cost of 
Rp. 146,800.00, while J=10 resulted in a total variable cost of Rp. 
178,900.00. 
Conclusion: In conclusion, the total variable cost decreases if the size 
of transfer batch is reduced to a certain amount and will increase 
again along with the reduction in the size of transfer batch.
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1. Introduction
In batch production, a machine is assigned to complete a job in a large batch size before moving on to complete the next
job. As the batch size increases, the batchwaiting timewill increase. If a job requiresmultiple processes, the batchwaiting
timewill be longer because switching from one process to the next requires setup. The switch from one process to the next
is done on one machine or it can be switched to the next machine. A Computer Numerical Control (CNC)-machining
center can perform multiple processes on one machine.

The advantage of a CNC-machining center is that it can perform several processes singly with quick setup. The ability to
performmultiple process stages in a CNC-machining center is not found on conventional machines. In general, the use of
conventional machines in a series of batch production requires a transfer process to anothermachine because onemachine
cannot perform all stages of the process. Advantages of the CNC-machining center resulted in the tendency to use a single
machine to carry out multiple processes of a product. This is understandable because all stages of the process can be
completed on one machine so there is no need for a transfer process, setup can be done quickly. Single use result in the
batch waiting time to be longwhich has implications for increasing work in process (WIP) inventory. If there is more than
one CNC-machining center, single use can be avoided by dividing the process stages into available machines in series
(sequentially). Usingmmachines to complete a batch, requires transfer betweenmachines. The use ofmmachines allows
two or more process stages to be carried out concurrently. The selection of the transfer batch size is important because it
affects the batchwaiting time and the number of transfers. On one side, small batch size can reduce batchwaiting time. On
the other hand, small batch size can increase the transfer frequencywhich of course increases material handling costs. The
use of serial machines will make it possible to determine the size of the transfer batch that can minimize the total variable
cost that consisting of WIP inventory costs and material handling costs.

Research on batch production has been carried out by several authors. Sukoyo et al.1 conducted research on batch
scheduling with the performance goal is the actual flow time. Research on batch scheduling to minimize makespan was
conducted by Ozturk et al.2 Research with the aim of minimizing total weighted work delays in real-world single batch
processing machine (SBPM) scheduling with fuzzy due dates, was conducted by Niroom et al.3 Research aimed at
minimizing makespan on a single processing machine was carried out by Li and Wang.4 Research with the aim of
minimizing the number of setups required by independent job orders grouped into several classes based on similarity in
style was carried out by Yimer and Demirli.5 Mathematical modeling of batch scheduling problems to minimize start and
delay was carried out by Ogun and Uslu.6 Muhammad, et al.7 conducted research about batch production at m serial
CNC-machining center to minimizing WIP inventory cost. This study is a development of a study that has been done by
Muhammad, et al.7 This study proposes to schedule I stage to m machines and then determine the optimal Qij, which
minimizes the total variable cost.

2. Methods
In a series of stages of batch production, number of stages I can be assigned tom serial machines. For example, I=3 can be
assigned tom=3. Initially, batch of 50 units (Q =Qij= 50) and requires I=3 carried out onm=1. If t1 is 48 minutes/unit, (t2)
is 25 minutes/unit, t3 is 23 minutes/unit, S1 is 35 minutes/batch, S2 is 5 minutes/batch, S3 is 15 minutes/batch, then the
results of scheduling are illustrated in Figure 1.

Next, J = 5, I=3 is scheduled on m=3 where one machine for one stage. This scheduling requires 5 transfers each from
Machine 1 toMachine 2 and fromMachine 2 toMachine 3. For example, usingQij=10 units, then results of scheduling for
J=5, m=3 is illustrated in Figure 2.

In Figure 1, the waiting time for each unit in the batch in Stage 1 is obtained from the size of the production batch
multiplied by the processing time per unit then added with the setup time minus the processing time per unit, which

Figure 1. Illustration of schedule for Qij=50 on m=1.
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is 50 units � 48 minutes/unit + 35 minutes – 48 minutes = 2,387 minutes. Therefore, the batch waiting time in Stage 1
is 50 units� 2,387minutes per unit = 119,350minutes. In Figure 2, the waiting time for each unit in the batch in Stage 1 is
10 units � 48 minutes/unit + 35 minutes – 48 minutes = 467 minutes. Therefore, the batch waiting time in Stage 1
is 10 units � 457 minutes per unit = 4,570 minutes. However, the number of transfers from the schedule in Figure 2 is
10 times, more than 0 times from the schedule in Figure 1.

The following notation is used for discussion of determining the transfer batch size that minimizes the total variable cost:

Q : size of production batch

J : number of transfer, jєJ; j¼ 1,2,3,…,Q

I : number of stage, iєI

m : number of machine;m¼ 1,2,3,…I

Si : set up time
minute
batch

� �
of stage i

ti : processing time
minute
unit

� �
of stage i

Qij : size of transfer batch j stage i

Fij : flowtime
minute
unit

� �
of batch juntil stage i

wij :waiting time
minute
unit

� �
of each unit in batch j until stage i

Wij :waiting time
minute
batch

� �
batch juntil stage i

Wi : total waiting time minuteð Þuntil stage i

Figure 2. Illustration of schedule for J=5, Qij=10 on m=3.
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H : holding cost
Rp

minute

� �

CWIP :work in process inventory costðRpÞ

CTR : transfer cost
Rp

transfer

� �

CMH :material handling cost Rpð Þ

TVC : total variable cost Rpð Þ

Fij ¼Qij� tiþSiþ max Fi�1j;Fij�1
� �

(1)

wij ¼Fij� ti (2)

Wij ¼
XJ

j¼1
Qij�wij (3)

Wi ¼
XI

i¼1
Wij (4)

CWIP ¼Wi�H (5)

CMH ¼ J xCTR (6)

TVC¼CWIPþCMH (7)

The number of transfers is determined by the size of the transfer batch. The number of transfers will be more if the size of
the transfer batch is smaller. On the other hand, the number of transfers will be less if the size of the transfer batch is larger.
Waiting time is also influenced by the size of the number of transfers. Waiting time increases if the number of transfers is
reduced and vice versa. That is,WIP inventory costs are caused by waiting time, while material handling costs are caused
by the number of transfers. The sum of these two costs is the total variable cost.

3. Results and discussion
In this section, we begin by scheduling a production batch size of 50 units (Q=50) which are produced through three
process stages (I=3) on onemachine. Next, I=3 is assigned to threemachines (m-3) serially, where eachmachine performs
one process stage in sequence. The use of three machines serially require transfer from Machine 1 to Machine 2 and
continued fromMachine 2 toMachine 3. In this scheduling, a batch transfer size of 10 units is selected so that the number
of transfers is 5 times (J=5) from Machine 1 to Machine 2. and from Machine 2 to Machine 3. In comparison, a transfer
batch size of 5 units (J=10) was also selected. Finally, the total variable cost is calculated for I=3 performed on one
machine, I=3 and J=5 on 3 machines, I=3 and J=10 on three machines.

Table 1 represents the scheduling results of I = 3,m = 1. Next, Table 2 to Table 4 represent the scheduling results of J=5,
I=3, m=3.

Scheduling in Table 1 shows the results W1 is 544,200 minutes. Thus, the results WIP inventory cost, CWIP ¼
544,200minutes xRp1:00 perminute¼Rp544,200:00, material handling cost,CMH ¼ 0 xRp5,000:00¼Rp0:00,
TVC¼Rp544,200:00þRp0:00¼Rp544,200:00:

Scheduling in Table 2 shows the result of total waiting time until Stage 1,W1 is 71,350 minutes. Total waiting time,W1 is
obtained from the sum of W11, W12, W13, W14, and W15.

Scheduling in Table 3 shows the result of total waiting time until Stage 2,W2 is 85,050 minutes. Total waiting time,W2 is
obtained from the sum of W21, W22, W23, W24, and W25.
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Table 1. Scheduling results of I=3, m=1.

I=3 1 2 3

Q (unit) 50 50 50

Si (minute/batch) 35 5 15

ti (minute/unit) 48 25 23

Fij (minute/unit) 2,435 3,690 4,855

wij (minute/unit) 2,387 3,665 4,832

Wij (minute/batch) 119,350 183,250 241,600

Wi (minute) 544,200

Table 2. Scheduling results of i=1, J=5 on Machine 1.

J=5 1 2 3 4 5

Q1j (unit) 10 10 10 10 10

Si (minute/batch) 35 0 0 0 0

ti (minute/unit) 48 48 48 48 48

Fij (minute/unit) 515 995 1,475 1,955 2,435

wij (minute/unit) 467 947 1,427 1,907 2,387

Wij (minute/batch) 4,670 9,470 14,270 19,070 23,870

Wi (minute) 71,350

Table 3. Results of scheduling for i=2, J=5 on Machine 2.

J=5 1 2 3 4 5

Q1j (unit) 10 10 10 10 10

Si (minute/batch) 5 0 0 0 0

ti (minute/unit) 25 25 25 25 25

Fij (minute/unit) 770 1,245 1,725 2,205 2,685

wij (minute/unit) 745 1,220 1,700 2,180 2,660

Wij (minute/batch) 7,450 12,200 17,000 21,800 26,600

Wi (minute) 85,050

Table 4. Results of scheduling for i=3, J=5 on Machine 3.

J=5 1 2 3 4 5

Q1j (unit) 10 10 10 10 10

Si (minute/batch) 15 0 0 0 0

ti (minute/unit) 23 23 23 23 23

Fij (minute/unit) 1,015 1,475 1,955 2,435 2,915

wij (minute/unit) 992 1,452 1,932 2,412 2,892

Wij (minute/batch) 9,920 14,520 19,320 24,120 28,920

Wi (minute) 96,800

Page 6 of 9

F1000Research 2022, 11:407 Last updated: 22 AUG 2022



Table 4 shows the results of Stage 3 scheduling (i = 3). For example, for Batch 5, from Eq. (1) obtained F35 = 10x23 +0 +
max [2,685; 2,435] = 2,915 minutes. From Eq. (2) obtained W35 = 2,915-23 = 2,892 minutes. The waiting time of
batch 5,Q35xW35, is 28,920 minutes. From Eq. (3) obtained total waiting time until Stage 3,W3 is 96,800 minutes. Thus,
the results CWIP ¼ 96,800minutes xRp1:00 perminut¼Rp96,800:00,CMH ¼ 5þ5ð Þ xRp5,000:00¼Rp50,000:00,
TVC¼Rp96,800:00þRp 50,000:00¼Rp146,800:00:

If the transfer batch size is 5 units (J=10), then W3 is 78,900 minutes. Thus, the results CWIP ¼ 78,900minutes
xRp 1:00per minut¼Rp78,900:00, CMH ¼ 10þ10ð Þ xRp5,000:00¼Rp100,000:00, TVC¼Rp78,900:00þ
Rp100,000:00¼Rp178,900:00:

From this case, it is found that the reduction in the transfer batch size causes the total variable cost to decrease and will
increase again as the transfer batch size decreases. For example, when the transfer batch size is 10 units (J=5), the total
variable cost is Rp 146,800.00, but when the batch transfer size is 5 units (J=10), the total variable cost is Rp 178,900.00.

4. Conclusion
Assignment of several stages of the process, I tomCNC-machining centers will reduceWIP inventory costs compared to
using one machine for I.Usingmmachines requires transfer to the next machine which results in material handling costs.
There is a tradeoff betweenWIP inventory costs and material handling costs. Therefore, in this study, the minimum total
variable cost is used as a criterion in determining the size of the transfer batch,Qijwhich results in the number of transfers,
J. From the results and discussion, it is obtained that J=5 produces a total variable cost of Rp. 146,800.00, smaller
compared to J=10 which results in a total variable cost of Rp. 178.900.00.

However, this research is still limited to the case of the same number of process stages as the number of machines (I=m),
not yet discussing the I 6¼m case. If the research is extended to the I 6¼m case, then what must be considered as a decision
variable is not only the number of transfers, J but also the number of process stages, I to be assigned to a particular
machine. Furthermore, there is a situationwhere the size of transfer batch,Qij is not always constant for the same J. If there
is a situation like this, then the determination ofQijwill affect Jwhich of course has implications for the total variable cost.
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