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ABSTRACT

Purpose: The purpose of this paper is to study the production planning under the just-in-time delivery
demand. JIT is a very common arrangement in manufacturing especially in the automotive industry in
Thailand. Suppliers are required to strictly follow the daily even hourly schedule of product delivery to
a customer. Any delay can cause significant penalty and other expediting costs. This has necessitated
most suppliers to avoid the costs by careful production planning and to rely on inventory.

Design/methodology/approach:This paper describes a situation in a car bumper manufacturing
plant using a simulation approach to improve its production planning of the painting section. There are
50 combinations of designs and colors of bumpers which have to be produced according to advance
orders and meeting delivery requests in just-in-time order cycle of 45 minutes. Although inventory is
used to absorb the real-time delivery request, the manufacturer still encounters difficulties in matching
its product availability with the real time orders from its customer. Since the product requires large
storage spaces and a necessary number of storage dollies in circulation, this also imposes a limit to
the inventory level. Frequent changes in production plan and expediting are thus necessary and incur
very high cost. A simple spreadsheet simulation model is used to determine a better planning policy.

Findings:The results show that a better policy can be adopted and leads to about 75 percent
reduction in the undesirable cost.

Originality/value: The method used in this study shows the importance of selecting a good
production planning that can be applied to similar just-in-time environment. This will improve the
efficiency in production and allows more effectivenessin meeting real time orders of the customer.

Keywords: Just-in-time production, Production planning, Simulation, Spreadsheet model.
Paper type: Research paper.

Introduction

Improvement in efficiency and effectiveness of the manufacturing operation in any enterprise is an
important factor for competitiveness. Thus cost control, high quality and on-time delivery are parts of
the effort to attain highest customer satisfaction. Presently, it is found that in many industries in
Thailand especially the automotive industry customers demand just-in-time delivery of products from
their suppliers. The motivation of this requirement is the reduction in storage spacesand inventory. In
the case of a manufacturer of plastic auto-parts with a large car assembly plant as its customer, the
just-in-time delivery demand for a big item such as the front and rear bumper set requires a large
storage area and the special racks or circulating storagedollies.The production process consists of
plastic injection, assembly and painting. The final stage of the manufacturing process is painting and
the painting section must carefully design the production plan to meet the customer real time order.
However, the current approach is not effective causing over-stocking of some bumper sets while
having frequent shortage of the others. This results in special interruption in the production sequence,
special premium freight costs, delay penalty costs and storage costs to the facility. In the mean time
the company must try to improve and maintain the annual delivery performance evaluated by its
customer. Therefore, the management of the company is seeking an improvement to its production
planning approach to reduce costs and be more effective in meeting customer demands.
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The order process and just-in time delivery

In general the order from the customer consists of a monthly forecast, a weekly forecast, a 3-day
advance order list (AON) andreal time orders or the committed release. The forecasts are provided by
the customer so that the company can plan the pre-order of raw materials for production. The 3-day
advance order list will specify the item numbers and quantities of different bumper sets to be
produced and ready for delivery as activated by the real time orders. This advance order list specifies
200 bumper sets per day which will be demanded by allowing at least 3 days for production lead
time.The committed release is the real time order with a commit number which has to be followed by
the delivery sequence to the customer.The just-in-time delivery is synchronized with the takt-time of
2.4 minutes of the customer’s production line and allows for lead time for the supplier to transport the
products.

Currently the painting section produces 20 bumper sets in one cycle of 48 minutes. The production of
the painting section is 100 sets per shift or 200 sets for one day. The delivery truck can carry 16
bumper sets for each delivery cycle of 45 minutes. In a simple approach the company can produce
the bumper sets according to theadvance orders with given at least 3 days of lead time and meet the
customer real time demand. However, this means a very high inventory which requires a large
storage area and also more dollies for carrying the products. The current daily production plan
adopted by the painting section is to produce according to the 3-day advance order list (AON). Every
morning the planner will check the inventory and adjust the production quantities of different bumper
sets for the next day list ofAON. The planner also tries to maintain a specified level of stock for each
type of bumper based on itsaverage demand.

One cause of the problem encountered by the current method of production planning is that the items
in the 3-day advance order number (AON) is only a short-term commitment to allow for production
lead time, However, on each day depending on the real production demand of the customer the real
time order sequence (committed number) generally differs from the AON. When this mismatch of
these order sequences causes inadequate inventory and inability to meet actual demand at any time,
the company can not deliver the required products and must pay for the disruption in the production
process of the customer. Inventory is also in excess for some items which requires more dollies and
causing insufficient dollies to be used for the transport of the products.

Study objectives

The objective of this study is to understand the current situation and problems of the existing
production planning of the painting section for just-in-time delivery of car bumper sets to its major
customer. The study will use a simulation approach to compare different planning policies in order to
find a guideline for a better production plan.

Simulation model

Monte Carlo simulation method is a very popular tool in management science for modeling a variety of
stochastic problems. It is simple and can be used with Excel to set up and solve many problems. The
ability of Excel spreadsheet software is adequate for solving many real life problems on personal
computers. The approach in using the simulation technique is described in many standard texts
(Barlakrishnan et al. 2007, Lawrence and Pasternack2002).

The discrete simulation model is developed for this study by using Excel spreadsheet. Inorder to limit
the size of the model it is decided to study the demands of the bumper sets. There are in total of 50
different combinationsof design and colors of bumper sets required by the customer. However, some
bumper sets have very small demands and it is easier to manage the small demand items separately
by producing the required quantity as inventory to satisfy the real time order. It is therefore necessary
to determine the maximum inventory quantity with tradeoff between inventory holding cost and the
total cost due to stock-out as follows.
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Determination of maximum inventory = X pieces for three days
Inventory holding cost = 445 baht / piece/day

Interruption of the production sequence by inserting an item = 12 baht
Penalty cost due to delay = 4370 baht per piece

Premium freight cost for extra delivery = 700 baht

Therefore, X < (12+4370+700)/ (3x445) = 3.80

From the above approximate calculation of the maximum inventory, it is decided to select all the
bumper sets with demands not more than 4 sets in three days.These items will be separately
produced in advance according to the AON. Only remaining ten types of bumper sets with medium
and large demands are then used in the simulation of production in the planning cycle.

Description of the spreadsheet
The Excel spreadsheet is designed as shown in Fig.1 and the data columnsare described in Table 1.

A BICIDIE|IFIGIH|I |J KILIMN|O|IPIQ R|S|T|U|V | W|X|Y|Z|AAABAC AD AE|AF AGAH| Al |AJ
1 JIT Simulation { Car bumpers) Stock = 25 % Production ratio based on remaining demand
2 Color codes: 1=
3 |Production 2 shifts (100 pcs/shift) per day. Three days forecast with one day demand from customer
4 # Rnc Col|{Stock Demand Ratio
5 1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10
6
16 10 &2 5 27 18 19 14 14 10 9 10 9 10 140 117 78 79 59 59 40 39 40 39 40 550 0 20 33 4 56 66 73 20 &7 93 100
17 11 85 8| 27 18 189 14 14 10 9 9 9 10138 117 78 T8 59 59 40 39 39 389 40 589 0 20 33 47 S5Y &7 T3 80 &F 893 100
18 12 59 5 27 18 19 14 13 10 9 9 9 10 138 117 78 79 59 58 40 39 39 30 40 588 0 20 33 47 57 &6 73 20 &7 93 100
19 13 14 1 268 18 189 14 13 10 9 9 9 10137 116 78 T8 59 58 40 39 39 389 40 587 0 20 33 47 S5Y 88 T3 80 &F 83 100
20 14 &1 5 26 18 19 14 12 10 9 9 9 10 136 116 78 79 59 57 40 39 39 390 40 586 0 20 33 47 57 &6 73 20 &7 93 100
21 15 36 3| 26 18 18 14 12 10 9 9 9 10135 116 7¥8 7v& S9 57 40 39 39 39 40 585 0 20 33 48 S5Y 856 73 80 86 893 100
22 16 o 11 25 18 12 14 12 10 9 9 9 10 134 115 78 7& 59 57 40 39 39 30 40 584 0 20 33 46 57 66 73 20 26 93 100
23 17 96 10| 25 18 18 14 12 10 9 9 9 9133115 78 78 59 57 40 39 39 39 39533 0 20 33 46 57 66 73 80 &7 93 100
24 18 84 8| 25 18 18 14 12 10 9 8 9 9 132 115 78 7& 59 57 40 39 38 39 39 582 0 20 33 47 57 & T3 80 8&F 93 100
25 19 47 4| 25 18 18 13 12 10 9 B8 9 9131115 78 78 58 57 40 39 38 39 39531 0 20 33 47 57 66 73 80 &7 93 100
26 20 S8 5| 25 18 18 13 11 10 9 8 9 9 130 115 78 78 58 56 40 39 38 39 39 580 0 20 33 47 57 & T3 80 8&F 93 100
27 21 14 11 28 21 21 15 13 11 10 9 10 10 1489 114 78 738 58 56 40 39 38 39 35 579 0 20 33 47 57 856 73 80 &7 93 100
28 2z 37 3| 28 21 20 15 13 11 10 9 10 10 148 114 78 77 S8 56 40 3% 38 39 35 578 0 20 33 47 57 & T3 80 8&F 93 100
29 23 11 1 27 21 20 15 13 11 10 9 10 10 147 113 78 77 58 56 40 39 38 39 35 577 0 20 33 46 58 65 73 20 &6 93 100
30 24 35 3| 27 21 19 15 13 11 10 9 10 10 146 113 78 76 58 56 40 39 38 39 35 576 0 20 33 4 56 66 73 80 86 93 100
31 25 27 2 27 20 19 15 13 11 10 9 10 10 145 113 77 76 53 56 40 3% 38 39 35 575 0 20 33 46 58 66 73 380 &6 93 100
32 26 49 4| 27 20 19 14 13 11 10 9 10 10 144 113 77 76 57 56 40 3% 38 39 35 574 0 20 33 4 56 66 73 80 86 93 100
33 27 T 1] 286 20 19 14 13 11 10 9 10 10 143 112 77 78 57 &5 40 3% 38 39 39 573 0 20 33 46 58 66 73 380 &6 93 100
34 28 57 S| 26 20 19 14 12 11 10 9 10 10 142 112 77 76 57 55 40 3% 38 39 39 572 0 20 33 46 56 66 73 80 86 93 100
35 29 4 1] 25 20 19 14 12 11 10 9 10 10 141 111 77 76 57 55 40 3% 38 39 39 571 0 19 33 46 58 66 73 80 &6 93 100
36 30 86 8| 25 20 19 14 12 11 10 & 10 10 140 111 ¥¥ V& 57 55 40 3% 3IF 39 39 570 0 19 33 46 56 66 73 80 86 93 100
37 31 57 5| 25 20 19 14 11 11 10 8 10 10 139 111 77 76 57 54 40 3% 37 39 35 589 0 20 33 46 58 66 73 380 &6 93 100
38 32 18 1 24 20 18 14 11 11 10 & 10 10 138 110 77 V& S7 S54 40 3% 37 39 39 o568 0 18 33 46 556 66 73 80 86 83 100
39 33 58 5| 24 20 19 14 10 11 10 8 10 10 137 110 77 76 57 53 40 3% 37 39 35 587 0 19 33 46 58 66 73 80 &6 93 100
40 34 34 3| 24 20 18 14 10 11 10 & 10 10 138 110 77 V5 57 &3 40 3% 3F 39 39 566 0 18 33 46 556 66 73 80 86 83 100
41 35 16 11 23 20 18 14 10 11 10 8 10 10 135 109 77 75 57 53 40 3% 37 39 39 565 0 19 33 46 56 66 73 80 &6 93 100
42 3|\ 7B Tl 23 20 18 14 10 11 k=l 8 10 10 134 108 77 75 57 &3 40 38 37 39 39 o564 0 18 33 46 556 66 73 80 86 83 100
43 37 T 11 22 20 18 14 10 11 9 8 10 10 133 108 77 75 57 53 40 38 37 39 39 563 0 19 33 46 56 66 73 80 &6 93 100
44 38 &1 5| 22 20 18 14 g 1 k=l 8 10 10 132 108 77 75 57 52 40 38 37 39 39 562 0 18 33 46 556 66 73 80 86 83 100
45 39 71 & 22 20 18 14 9 10 9 & 10 10 131 108 77 75 57 & 39 38 37 39 39 561 0 19 33 46 57 66 73 20 26 93 100
46 40 46 3| 22 20 17 14 g 10 k=l & 10 10 130 108 77 74 57 & 3% 38 3IF 239 39 560 0 18 33 46 556 66 73 79 86 83 100
47 41 87 9| 26 22 19 16 11 12 111 10 11 12 149 108 77 74 &7 & 39 38 37 38 39 559 0 19 33 46 57 66 73 20 26 93 100
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A B | C |AD AE AF AGAH Al | A AKALANMAMNACAPAQARAS AT AUAVAWAXAY AZ BABBBCBDBE BFBGEBH BI | BJBK BLBWBMBOBP
1 JIT Simulatio
2 Color codes:
3 Production 2
4 # Rnc Col Production Mew Demand Stockout
5 5 6 7 8 9 10 1 2 3 4 6 6 7 8 910 1 2 3 4 5 6 7 8 910 1 2 3 4 5 6 7 8 910
]
16 10 65 S| 57 66 T3 80 86 93 100 0 0 0 00O OCOCOOCTOGO
17 11 68 8 57 67 T3 80 88 93 100 o 0 0o 0 0O OO O GOCOQ
18 12 79 F| 57 &7 T3 &80 86 93 100 0O 00 00O OO OOTO
19 13 88 10| 57 &7 73 80 &7 93 100 0 0 0 00O OCOCOOCTOGO
20 14 53 4 57 67 T3 80 87 93 100 0O 0 0o 00O OO O O O
21 15 86 8| 57 &7 T3 &80 86 93 100 0O 00 00O OO OOTO
22 16 82 8| 57 67 73 80 86 93 100 0O 000 0O 0OCOCOOTUOWO
23 17 62 5| 57 67 73 80 86 93 100 0O 0 0o 00O OO O O O
24 18 37 3| 57 &7 T3 80 86 93 100 0O 00 00O OO OOTO
25 19 85 8| 57 67 73 80 86 93 100 0O 000 0O 0OCOCOOTUOWO
26 20 64 5| 57 67 73 80 8 93100 4 3 3 2 2 1 1 1 1 1 20 0O 0 0o 00O OO O O O
27 21 32 2 57 67 T3 80 86 93 100 0 0o 0o 0 OO O O GOCOO
28 22 94 10| 57 &7 74 80 87 93 100 0O 000 0O 0OCOCOOTUOWO
29 23 88 10| 57 67 74 80 &7 94 100 o 0o 000 O OCOCOC O
30 24 T8 FT| 57T 67 T4 80 87 94 100 0 0o 0o 0 OO O O GOCOO
31 25 22 2 57 67 T4 80 87 94 100 0O 000 0O 0OCOCOOTUOWO
32 26 75 F| 57 67 T4 80 87 94 100 0 0000 O0CO0COOoOCTOGO
33 2T 65 5| 58 67 T4 80 87 94 100 0 0o 0o 0 OO O O GOCOO
34 28 81 8| S8 67 T4 80 87 94 100 0O 000 0O 0OCOCOOTUOWO
35 29 97 10| 58 67 74 80 &7 94 100 0 0000 O0CO0COOoOCTOGO
36 30 65 5| 58 67 T4 80 87 94 100 0 0o 0o 0 OO O O GOCOO
37 31 65 S| 58 67 T4 &80 87 94 100 0O 00 00O O OOTUOO
38 32 32 2| 58 67 T4 80 87 94 100 0 0000 O0CO0COOoOCTOGO
39 33 2 58 67 T4 80 87 94 100 o 0 0o 0 0O OO O GOCOQ
40 34 87 g S8 67 T4 80 87 94 100 0O 00 00O O OOTUOO
41 35 45 3| S8 67 T4 80 87 94 100 0 0 0 00O O0COCOOCOTOGO
42 36 638 8 58 67 T4 80 87 94 100 o 0 0o 0 0O OO O GOCOQ
43 3T s2 4/ 58 67 T4 80 87 94 100 0O 00 00O O OOTUOO
44 38 24 2 58 67 T4 80 87 94 100 0 0 0 00O OCOCOOCTOGO
45 39 28 2 58 67 T4 80 87 94 100 o 0 0o 0 0O OO O GOCOQ
46 40 &8 8l 58 67 T4 80 87 94100 £ 3 2 2 2 1 1 1 1 1 20 0O 00 00O OO OOTO
47 41 38 3| S8 67 T4 80 87 94 100 0 0 0 00O OCOCOOCTOGO
Figure 1. Excel spreadsheet for the production of car bumpers
Column Description
A Commit number or real time order for each bumper set
B Random number
C Type of bumper set to be delivered (committed order)
DtoN Inventory levels of 10 types of bumper sets
OtoY Remaining demands for 3 days
Zto AJ Ratios of remaining demands
AK to AU Production quantities for the bumper sets for every 20 sets
AV to BF Daily AON for 200 different bumper sets
BG to BP Stockout for a bumper set required by real time order

Table 1.Descriptions of the columns in Excel spreadsheet.

The data used in the trial spreadsheet simulation is the actual 3-day advance orders (200 AON per
day for six days) and 1200 real time orders (committed orders for six days) generated by random
number as in the Monte Carlo method during a production period in a given month.

Two different production policies with different stock levels are tested in the simulation. These are:

Policy 1: Production of bumper sets follows the 3-day advance order numbers (AON) and maintain 20
percent inventory level. This is the current policy adopted in the production planning.

Policy 2: Production of bumper sets with the mix based on the ratio of their remaining advance orders
and maintain inventory as a percentage (20%, 15%, 10%) of the demands.
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The results are encouraging and significant cost reduction can be found in using the new planning
decision with Policy 2. The actual 1091 commit numbers or real time orders for the production period
are then used instead of using the random number generation method. The results are therefore
compared under the situation and shown in Table 2.

Unit . . . .
Descriptio | cost POItlcyk1 Poltlcyk2 Poltlcykz Pollcyk2
n (baht (stoc (stoc (stoc (stoc
) 20%) 20%) 15%) 10%)
timet/uni baht Timtte/uni baht timet/uni baht timet/uni baht
Inserting
anitemin |, 29 348 0 0 5 60 22 264
paint
sequence
Delay | 4370 | 29 | 126,73 0 0 5 | 21850 | 22 | 96140
penalty 0
Premium | -4 29 20,300 0 0 5 3,500 22 15,400
freight
Average
inventory | 445 | 105 | 46,725 | 104 46628 73 32548 46 | 20,470
holing
Total 194,10 46,28 57,89 132,27
3 0 5 4

Table 2 Comparison of the simulation results

Conclusions and suggestions

The planning of production in the final stage of manufacturing car bumpers to satisfy just-in-time
delivery demand has incurred excessive cost to the company in this study. The production of different
types of bumper sets follows the advance orderswhich allows at least 3 days for the production lead
time. However, it is costly to build up the required inventory to meet the actual real time demand. The
limited availability of storage areas and circulating dollies to carry the products also prevent the
company to use a simple production planning approach with large inventory. The currently adopted
planning policy is to produce according to the 3-day advance order list from the customer. However
the real time orders (commit order numbers) received by DATA LINK from the customer depend on
the actual production situation at the customer’s production line. This study shows that the painting
section should adopt a new policy in production planning by producing each type of bumper set
according to the ratio of the remaining advance orders. The simulation results show that the new
production policy performs better than the current policy and the significant cost reduction of about 75
percent can be achieved. The study also allows following general observation about just-in-time
delivery in a similar situation:

1. Advance commitment with sufficient production lead time is helpful to the supplier.

2. Real time order (on-line) should agrees with the advance order as much as possible to avoid
interruption in the supplier’s production plan and necessity of inventory to cover the uncertainty.

3. Supplier should track the commitment and delivery of each product. Production must then be
based on the remaining advance orders.

4. Short production lead time and spare capacity outside normal production cycle will be useful in
correcting and adjusting the production in order to maintain just-in-time delivery required by the
customer.
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Although this study provides certain guidelines to reduce the cost of just-in-time delivery for the
company, it is limited by investigating only the decision about the production mix in each production
cycle of the painting section. However, further investigation may be useful by studying the inventory
level for each product type and determining the best inventory policy.
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