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ABSTRACT 

       Many organizations today are  interesting to implementing lean manufacturing principles  

that should enable them to eliminating the wastes to reducing a  manufacturing lead time.  This 

paper concentrates on  increasing  the competitive level of the company in globalization markets 

and improving of the productivity by reducing the manufacturing lead time. This will be by 

using the main tool of lean manufacturing which is value stream mapping (VSM) to identifying 

all the activities of manufacturing process (value and non-value added activities) to reducing 

elimination of wastes (non-value added activities) by converting a manufacturing system to pull 

instead of push by applying some of pull system strategies as kanban and first on first out lane 

(FIFO). ARENA software is used to simulate the current and future state. This work is executed 

in the state company for electrical industries in Baghdad. The obtained results of the 

application showed that implementation of lean principles helped on reducing of a 

manufacturing lead time by 33%.  

Key words:  Manufacturing Lead Time,  Lean Manufacturing System, Value Stream Mapping, 

Pull System. 

النحيفالحصنيع بحطبيق مفاهيم  جقليل وقث الحصنيع  

  الاسحاذ د. حسيه سالم كيطان فاطمة مطشر ياسر     

- كهيت انهنذست بغذاد  ت جايع  بغذاد - كهيت  انهنذست                                                                                                                   جايعت    

 الخلاصة

انعذيذ ين انًؤسساث يهخًت بخطبيك يفاهيى انخصنيع اننحيف انخي حًكنها ين حذف انخسائز نخمهيم ولج انخصنيع. هذا  حهخى      

بخمهيم ولج انخصنيع.  وانًزونت انبحث يزكش عهً سيادة انًسخىي انخنافسي نهشزكت في الأسىاق انعانًيت و ححسين الإنخاجيت

انخي فعانياث انعًهيت انخصنيعيت )  انزئيسيت انخي هي يخطط يسار انميًت  نخحذيذ كمسخخذاو الأداة ى اونخحميك هذا انهذف  يخ

يًت( بخحىيم نظاو انخصنيع ين نظاو دفع إنً انخسائز )انفعانياث انخي لا حضيف ل( نخمهيم و حذف حضيف وانخي لا حضيف ليًت

انجاس انطهب انذاخم  و  (Kanban)نطهب نظاو انسحب حسب ا سخزاحيجياث نظاو انسحب يثمبعض إ  نظاو سحب باسخخذاو

انًحاكاة انحانت انىالعيت وانحانت انًسخمبهيت انًمخزحت نعًهيت انخصنيع. وهذا  (ARENA)اسخخذيج بزيجيت   (FIFO). أولا 

طبيك حمهيم ين انخغذاد. ولذ أظهزث اننخائج انخي حى انحصىل عهيها انعًم حى حنفيذه في انشزكت انعايت نهصناعاث انكهزبائيت في ب

                                                                                                                                          %. 88ولج حصنيع انًنخج بنسبت 

 حب.انس ع اننحيف, يخطط يسار انميًت, نظاو نظاو انخصنيولج انخصنيع,  الكلمات الرئيسية:
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1- INTRODUCTION        

    Nowadays, the success of  any company  is  identified  by  its ability to  quickly respond to the 

market changes, so the companies pay more effort to reducing their manufacturing lead        

times, Yadav, et al., 2012. Reductions in manufacturing lead time can generate numerous 

benefits, including lower work in process and finished goods inventory levels, improved 

productivity, lower      costs. More importantly, reductions in manufacturing lead time increase 

flexibility and reduce the time required to respond to customer orders, Samad, et al. 2013. 

Manufacturing Lead Time refers to the  total time it takes to complete the manufacturing process 

of a product.  It is the time from  when an order is ready to start on the production line to when it 

becomes a finished good, Hari, et al. 2013. A lead time is the period of time between the 

initiation of any process of production and the completion of that process, Karunesh,  and  

Thotappa, 2013. 

 

2- LEAN MANUFACTURING 

    The origins for initiatives of  the lean manufacturing  are traced to the Toyota Production 

System (TPS) and were started by Ohno (1978) and Shingo (1989) at  TPS with its focus on the 

systematic and  efficient use of the resources through level of scheduling. The term "lean 

manufacturing"  as Ohno (1978) states,  is providing a way to do more and more with less and 

less inventory, less human effort, less movement of material , less equipment and less time while 

coming closer to supplying the customers with what they want exactly, Ravet, 2011. Lean 

manufacturing means eliminating wastes by identifying non value added activities thorough out 

the supply chain. The five fundamental Lean principles are to specify value from the point of 

view of customer, identify the value stream, make the identified value flow, set the pull system 

which means only make as needed and finally perfection in producing what the customer wants 

and by when it is required in the right quantity with minimum waste, Sambathkumar, and 

Vijayanand, 2013. 

 

3- VALUE STREAM MAPPING (VSM) 

    Value stream mapping is a mapping tool that helps on representing  material and information 

flows of manufacturing process and also that signal and control the material flows. This  

representation facilitates  the process of identify the value adding  activities in a value stream   of 

manufacturing process and eliminating the non value added activities, or wastes through 

implementation of  lean principles, Romero, and  Chavez, 2011. VSM is a visualization  tool 

oriented to the  version of TPS for lean manufacturing. It helps people to understand and 

identifying the work processes and then  implementing of Toyota Production System tools and 

techniques, Thorsen, 2004.  The value stream mapping (VSM) suite of tools can be used to map  

the  current state of a production line and design a desired future state. , they provide a roadmap    

for how VSM can provide necessary information for analysis of equipment replacement decision 

problems encountered in lean manufacturing implementation, Dighe, and Kakirde, 2014. The 

focus of  VSM is   on a product “value stream” (all actions required to transform raw materials 

into a finished product) for a given “product family” (products that follow the same overall 

production steps).  In applying VSM, waste is identified at a high level along the value stream in 

the form  of all elements that prohibit or hamper flow and in the form of inventory (raw 

materials,  work-in-process (WIP) and finished goods). In future state design, major issues that 

create  waste in the process are addressed, Romero, and  Chavez, 2011. 
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4- METHODOLOGY 

     To achieve the Research objectives the following steps will be applying: 

1-Identifying a product and  studying a manufacturing process of the product in details. 

2-Draw flow diagram of the manufacturing process. 

3-Documenting a list of activities flow for  manufacturing  process  with the number of workers  

and  the time required for each activity to identify a waste (non-value added activities) in the 

process.    

4-Draw the value stream mapping for the current state of manufacturing  process by using Visio 

Software. 

5-Identify the areas of waste in current state and eliminating all non-value  added activities to 

adding the requisite improvement (kaizen)  by  applying  some of   pull  strategies as kanban,  

supermarkets and FIFO strategies to make a system pull instead of push to reducing long waiting 

time,  overproduction  and  other  wastes to reducing lead time. 

6-Developing a future state of a process and an action plan after implementation of lean  

principles to achieve a high efficiency and lead time reduction. 

7- Simulation of current and future state by using ARENA software to calculating a lean 

measurements and comparison the results. 

4- THE MEASUREMENTS OF LEAN MANUFACTURING SYSTEM  

    The main measures of lean manufacturing are calculated as follows: 

1- Manufacturing cycle time (CT), Hopp, et al. 1990. 

CT=LT= Tw + Ts  +Tp+ Ti                                                                                                    (1) 

 Where: 

        Tw= waiting time, Ts= set up time, Tp= processing time, Ti= inspection time and LT= lead 

time. 

2-   Throughput (TH) (part/hour), Standridge, 2004. 

   
   

  
                                                                                                                          (2) 

Where: 

     WIP = work in process (unit) and  CT= manufacturing cycle time (hour). 

3-  Value added ratio (VAR), Karunesh,  and  Thotappa, 2013. 

 

    
   

   
                  (3) 
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Where: 

VAT= value added time (min) and    = total cycle time (min). 

4- Production capacity per week (Pc), Dinesh, and Prabhukarthi, 2013. 

                      (4) 

Where: 

        Wt= available work time per week (hour) and P= Production rate (unit per hour). 

5- SELECTING OF THE PRODUCT AND IMPLEMENTATION 

    To implementing a methodology of the research a product which is selected is the rotor of air 

coolant motor consist of three parts: rotor, shaft and sleeve as shown in Fig. 1, also studying a 

manufacturing process of the product in details including  total cycle time, value added time, 

number of workers for each activity  identifying all types of activities in manufacturing process 

(value added, non-value added and non-value added but necessary). The stages of  product 

manufacturing process and their cycle times for patch production of (100 rotor) are shown in 

Table 1. and Fig. 2 show the flow diagram of manufacturing process.  

    The next step after identifying the activities and flow diagram of manufacturing process is 

draw a current state value stream mapping as shown in Fig. 3, Fig. 5 and Fig.  7  to identifying 

the areas of waste by kaizen (continuous improvement) to solve the problems of the 

manufacturing process by application of pull system strategies in proposed future state value 

stream mapping as shown in Fig. 4, Fig. 6 and Fig. 8  to improving the productivity and 

reducing a manufacturing lead time. 

   ARENA software (version 14.50) is used to simulate the current and future state of rotor      

manufacturing process as shown in Fig. 9 to simulate a research problem and estimate a various 

performance parameters of lean manufacturing system as shown in Table 2. which show the 

simulation results. Also Fig. 10 show  the percentages of production activities type  in current       

and future state of manufacturing process.     

CONCLUSIONS 

 1- Implementation of lean manufacturing principles help on reducing a production lead time             

and  improving of productivity and efficiency of production process. 

2-Value stream mapping can be a valuable and an effective  tool for  identifying and eliminating 

the wastes and it also suggests ways to reducing  non value added times                   in a 

manufacturing process. 

 

 3-  By applying lean principles, the lead time of  rotor  manufacturing process is reducing  by  

33%  and also value added ration (VAR) is increasing   by 66%.  
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4- After the improving and  reducing  of a manufacturing  lead  time the future state will become 

current state, in that still more new developments   and improvements can be added and this 

process will be repeated to obtain better  results  until an ideal state is established. 
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NOMENCLATURE 

 

 List of Symbols and Abbreviations 
 

Symbol Description 

    Total Cycle Time 

CT Cycle Time 

FIFO First in First Out 

LD Lead Time 

TH Throughput 

Ti Inspection Time 

Tp Processing Time 

TPS Toyota Production System 

Ts Set up Time 

Tw Waiting Time 

VAR Value-Add  Ratio 

VAT Value-Add Time 

VSM Value Stream Mapping 

WIP Work-in-Process 
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Figure 1. A Selected Product ( Rotor of Air Coolant Motor).   

 

 

Table 1. Operations Sequence of  Product Manufacturing Process. 

 part  Operation Cycle Time 

(min) 

 

  

 

 

Rotor 

 

Cutting process of laminations  

 

60 

 

Annealing process  

 

240 

 

Stacking process  

 

55 

 

Casting process 

 

50 

 

Cutting process  

 

25 

Turning process 75 

 

 

 

 

 

Shaft 

Turning process of the shaft 50 

Cleaning process of the shaft 10 

Initial grinding process 75 

Final grinding process 75 

Milling process 68 

Chemical coating process of the  shaft 125 
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Sleeve 

Turning process of the sleeve 65 

Cleaning process of the sleeve 75 

  

 

 

Assembly 

Process 

 

Assembly process of rotor with shaft  

 

71 

 

Assembly process of rotor with sleeve 

 

60 

Painting process 30 
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Table 2. Summary of simulation results for current and future state. 

Measurement 
Current state 

Future state   
Improvement  

ratio % 

Production lead time 

(LT) (min)         

2847 1920 33 % 

Waiting time (Tw) 

min 

1474 

 

900 

 

34% 

Work in process 

(WIP) (unit) 

12  10 16% 

Throughput (TH) 72 

 unit per hr 

88  

unit per hr 

22 % 

Value added time 

(min) 

        

848 

      

927 

                     

10% 

Non-value added 

time (min) 

448 min 90 min  80 % 

Value added ratio 

(VAR) 

29% 48% 66% 

Production capacity 

(Pc) 

400 

units per week 

500  

 units per week 

0.25 % 

 

 

Figure. 10 The percentages of production activities type  in current  and future state .  
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