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Executive Summary 

Hansen Transmissions South Africa (HTSA) specializes in providing cutting edge technology 

industrial gearbox units worldwide and serves as the market leader in South Africa. 

HTSA has an order of 768 similar M4 gearbox units that need to be produced for 

Eskom over an approximated 4 year period for two new power stations being built in Ellisras 

(Medupi) and Witbank (Kusile).  HTSA has the problem of not reaching its milestones as 

stated in the order contract which causes penalty costs to be incurred by HTSA. The 

project's objective is to analyse the M4 system with the purpose of seeking opportunities to 

reduce lead time in order to save money and increase customer satisfaction. 

After completion of the investigation and quantification phase, it was found that the 

bottleneck of the system lies within M4 assembly operations which determine the through 

put of the entire system.  The present standard time for assembly operations are 

approximately 9 hours per unit and the required benchmark needed to reach the most critical 

milestone is 7 hours per unit.  Thus the quantified project objective is to reduce the lead time 

by 2 hours per unit.   

Operations analyses, activity charting, Ishikawa technique and lean manufacturing 

techniques such as 5S housekeeping, setup time reduction, value stream mapping and JIT 

were used to address the problem in order to reduce lead time. 

 Four interrelated recommendations are made as to how reduce the lead time 

including implementation of recommended tool and part layouts, implementation of a radio 

signalling system between departments and the implementation of an alternative M4 

assembly procedure.  It was estimated that these recommendations may reduce the lead 

time of assembly operations by 2 hours and 30 minutes per unit, which is 30 minutes more 

than required for the project objective. This gives a lead time improvement of approximately 

28% and will allow HTSA to reach the project milestones in time, preventing penalty costs to 

be incurred and customer satisfaction to increase. 
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List of Abbreviations  

Abbreviation Description 

HTI Hansen Transmissions International 

HTSA Hansen Transmissions South Africa 

kNm kilo Newton Meter 

MW Mega Watt 

M4 series 
Special case gearbox series with gear ratio’s range between 5:1  and 100:1 and 

torque rating range between 23 and 100 kNm. 

ACC Air-cooled condensers 

PMTS Pre-determined Motion Time System 

TQM Total Quality Management 

JIT Just In Time 

TPM Total Preventative Management 

VSM Value Stream Mapping 

PPE Personal Protection Equipment 

MTS Make-To-Stock 

VA Value Adding 

NVA Non-Value Adding 

W Waste/Waiting 

LSS Low Speed Shaft 

HSS High Speed Shaft 

LSPG Low Speed Pinion Gear 

HSPG High Speed Pinion Gear 

LSG Low Speed Gear 

HSG High Speed Gear 

LSC Low Speed Coupling 

WIP Work In Progress 
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1. Introduction 

1.1 Company brief History and Background 

Hansen Transmissions South Africa is a subsidiary company of Hansen Transmission 

International, who specializes in providing cutting edge technology industrial gearbox units 

worldwide and serves as the market leader in South Africa. 

Hansen Transmissions started as a small workshop in Antwerp Belgium, "La-

Mécanique Générale" (LMG) in 1923, manufacturing backup parts for gear units. Gradually 

the company's actions changed towards the manufacturing of customised gearbox units, 

mainly due to the influence of young engineer David Hansen.  

In 1950, David Hansen innovated and later perfected the unique concept for 

standardisation of gear units.  The company was soon recognised as a world leader and 

trend-setter in industrial power transmission technology.  In 1972, the company name was 

changed to reflect its international renown and continuing expansion, becoming “Hansen 

Transmissions International” (HTI).   

HTI outsourced to South Africa in 1976 where it became a subsidiary of HTI under 

the registered name Hansen Transmission (Pty) Ltd.  Today Hansen Transmissions South 

Africa (HTSA) is situated in Jetpark Johannesburg, supplying customized gearbox drive 

packages for the mining, water treatment, cooling tower, mixer and material handling 

industries in Southern Africa.  

���������	
���	����
���	��
����
��
�����	�����	��	� ���
������
�
�
�����	�
�����������

         -  HTI Mission Statement 
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1.2 Project background 

HTSA provide gearbox units to a wide variety of companies due to the flexible nature of their 

products.  Currently their products are divided into 5 series categories as determined by 

Hansen over the years, namely P4, I4 and M4 being manufactured internally and S4 and L4 

being manufactured externally by other companies. 

The P4 series is a general purpose multi industry gearbox with gear ratio’s ranging 

from 1.2:1 to 600:1 and torque ratings ranging from 6 to 800 kilo-Newton-meter (kNm). 

The M4 series is special gearbox units that is similar to the P4 series but differs in 

terms of cheaper manufacturing smaller range gear ratio’s and torque ratings and more 

difficult maintainability.  The M4 series gear ratio’s range between 5:1 and 100:1 and torque 

rating range between 23 and 100 kNm.  

The I4 series is specially designed invertible gear units 

which can be rotated 180
 in order to cater for both left 

and right orientated gearbox drive applications.  It has 

gear ratio’s ranging from 7:1 to 90:1 and torque ratings 

ranging from 15 to 100 kNm.  

The S4 and L4 series are gearbox units that are 

similar to each other with small dimensions and gear 

ratio’s ranging from 2.8:1 to 1250:1 and torque ratings 

ranging from 0.1 to 25 kNm.  The difference being S4 is 

manufactured by the company Rexnord Stephan and L4 is manufactured by the company 

Leroy Somer.  

 

One of HTSA’s primary customers is Eskom, having an order of 768 similar M4 gearbox 

units that need to be produced over an approximated 4 year period for two new power 

stations being built in South Africa consisting of Medupi and Kusile situated in Ellisras and 

Witbank respectively. 

 

Figure 1: Map of power station locations 
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These two power stations, which are called super critical coal fired power plants, are the 

largest fossil power plants ever built in Southern Africa with power output of 4800 MW being 

generated by each.   It is estimated that the combination of these power plants will generate 

25% of South Africa’s current electricity, each power plant is 20% to 25% more efficient than 

current power stations, CO2 usage is reduced by 10% per kWh power produced and water 

usage is also greatly reduced per unit 

power generated. 

The reason for the reduction of 

water usage is due to the great water 

shortage in South Africa.  This is 

accomplished by using an air-cooled 

condenser (ACC) system, with dry cooling 

towers, instead of the wet cooling tower 

system most often encountered with 

power stations in South Africa.  Wind, 

instead of water, is used as an external 

element to reduce the temperature of 

incoming steam and to condensate the steam in to water in order to complete the Rankin 

cycle.  This is done by utilizing massive wind turbines that blow cool wind against a series of 

parallel flow and counter-flow modules containing the incoming steam.  

The primary components used for the ACC system are the air cooled steam 

condenser modules (consisting of galvanized air-cooled condenser tubes, tube sheets and 

steam and condensate collection headers) and the air moving sub-system.  The air moving 

sub-system includes fans, gearboxes, couplings, electric motors, fan support bridges, 

condensate tanks, drain pumps, steam ejectors, rupture discs and a bundle cleaning system. 

HTSA provides the electric motors and gearbox units (gearboxes and couplings) 

which are used in the air moving sub-system, namely the M4 gearbox units.   

Figure 2: ACC system and parallel flow modules 



  

4 

2 Project Problem Definition 

2.1 Problem Statement 

The Project Manager for the Medupi and Kusile project at HTSA, Mr Ludwig Maier, is 

concerned that the project does not reach its milestones as stated in the order contract with 

Eskom. Hansen Transmissions have to pay penalty costs if the project doesn’t reach its 

milestones in time. This poses a problem in terms of monetary loss and possible bad future 

relations with the client. 

2.2 Project Aim 

The main aim of this project is to reduce total lead time of each M4 gearbox unit in order for 

Hansen Transmissions to reach its milestones in time which can save the company the 

penalty costs, increase client satisfaction and possibly decrease labour costs. 

Secondary aim may include increasing general productivity, optimizing the assembly 

workstation and improving material handling operations. 

2.3 Project Scope 

As determined by Mr. Maier, thorough analysis should be done in the following areas in 

order to address the problem: 

·  Review of pre-assembly item preparation in order to improve preparation time by as 

much as possible to get to the desired 40% reduction in kitting time (as previously 

determined). 

·  Analyse the assembly operations and recommend solutions to improve assembly 

time per unit. 

·  Review the post-assembly operations including cleaning, painting, peripheral fitment 

and packaging   

It is thus proposed from HTSA that the problem lies within and that the scope of my project 

revolves around these departments: 

  

An initial analysis form my part shall confirm whether or not the problem actually lays within 

these departments and what the core focus of the project will be. 
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3 Deliverables 

The following can be expected to be delivered by this project: 

·  A review of the pre assembly kitting operations for the M4 system in Department A 

·  A review of the post assembly operations for the M4 system in Department C 

·  An illustration of the current state of the M4 system operations in each department 

·  Recommendations on how to reach previously stated project aim 

·  A illustration of the M4 system if recommendations would be implemented 

·  Final project report containing the above mentioned and all necessary information 
regarding this project in detail  

4 Literature Review 

Due to uncertain factors inherent in this project, extensive research had to be done as to 

what approaches can be used to solve the problems in this project. The following techniques 

and analysis tools are considered for the purpose of analysing and solving the problem 

previously stated. 

4.1 Job/Worksite analysis guide 

This analysis technique is used before any quantitative data can be collected.  It identifies 

problems within an area, workstation or department by observing the operators, tasks, 

behaviours, workplace and work environment and capturing all observations on a form.  This 

gives the analyst general perspective on the situation and serves as foundation for the 

analyst in order to determine which other analysis techniques must be further used. 

(Freivalds & Niebel, 2009) 

4.2 Operations Analysis 

Operation analysis is an effective process of studying all productive and non-productive 

elements of an operation in order to improve productivity per unit time and reduce unit cost 

while maintaining or improving product quality.  This analysis technique focuses of nine 

systematic approaches that allows the analyst to ask the questions why, how, who, where 

and when.  These nine approaches are illustrated in the following table: 
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Table 1: Operations analysis 

Approach Description 

1. Operation 

purpose 

It should be determined whether each operation is necessary. “An analyst’s cardinal 

rule is to eliminate or combine an operation before trying to improve it” (Freivalds & 

Niebel, 2009) 

2. Manufacture 

sequence 

and process �

 

The analyst should consider the following in order to improve manufacturing: 

·  Changing operation sequences and procedures. 

·  Mechanization of manual operations. 

·  Getting more efficient mechanical facilities. 

·  Using mechanical facilities more efficiently. 

·  Consider Robot Automization. 

 

3. Setup and 

Tools 

 

Setup times should be reduced by using Just In time (JIT) techniques.  The following, 

relating to tools, should be considered and reviewed by the analyst: 

·  Are the correct tools used for each operation? 

·  Are there better tools available which can increase productivity? 

·  Are the current tools being used efficiently?  

·  Is each machine utilized to maximum capacity? 

 

4. Material 

Handling 

 

“Materials handling is the art and science of moving, storing, protecting and controlling 

materials.” (Tompkins, 2009)  These materials include parts, raw materials, in process 

materials, finished products and supplies.  The analyst must ensure the following: 

1. All materials are moved cyclically between locations. 

2. No manufacturing process or client is troubled by early or late deliveries. 

3. Materials are moved to the correct locations and on time. 

4. The correct quantities are delivered without any damage to the materials 

being delivered. 

5. There is sufficient temporary and permanent storage space. 

The following can be done in order to reduce time concerning material handling: 

·  Reduce time spent lifting materials. 

·  Mechanization and Automization. 

·  Use current material handling equipment more efficiently. 

·  Materials should be handled with better care in order to reduce accidents. “A 

safe factory is an efficient factory.” (Freivalds & Niebel, 2009) 

·  Consider bar-coding for inventory and related applications. 
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The analyst should also have a Facilities Planning approach to determine if the layout 

of the plant allows for productive manufacturing.  This approach is discussed in 

following sub sections. 

 

4.3 Facilities Planning 

Facilities’ planning is a vital component in any company as it is a method of identifying the 

opportunities for cost reduction and productivity improvement. It utilizes a company’s 

resources in such a manner that it maintains and achieves the overall business objectives. 

Facilities’ planning is an on-going process that can never be seen as a project with a 

completion date as there is always room for improvement. Alternative solutions to problems 

can come to light because of the ever developing information and technology environment in 

today’s world.  As a result it is important to identify a strategic facility plan in a corporation. 

The strategic facility plan is about encompassing an entire portfolio of the owned space that 

sets strategic facility goals based on the organization’s strategic and business objectives. 

The strategic facilities goals, in turn, determine short-term tactical plans, including 

prioritization of, and funding for, annual facility related projects. (Roper & Jun Ha, 2009) 

Effective implementation of facilities planning in any company can only be achieved with full 

cooperation of the entire work force. The facility layout and material handling in facilities can 

be affected by several attributes which include the product mix and design, handling, storage 

and processing technology, production volumes, schedules and routing, as well as 

management philosophies. (Tomkins, 2010)  

 

Systematic Layout Planning (SLP) 

SLP is a tool developed by Richard Murther and Associates that provides procedural 

guidelines that can be followed when designing a facility’s layout.  There are 3 fundamental 

elements of layout planning namely relationships between activities, space of every activity 

and adjustment of relationships and space into an efficient layout.  These elements should 

be continuously considered and implemented according to the SLP procedure as depicted in 

figure1. 
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The input data required consists of information regarding product, quantity, route, 

support, time and production activities. This information is used to identify constraint & 

limitations and define relationships between activities and space required for each activity 

which is necessary in order to eventually create space relationship diagrams. The latter is 

the foundation for developing alternative layout solutions in order to compare the alternatives 

to the present layout and ultimately choose the best layout to be implemented. 

4.4 Time standards and work measurement techniques 

Time standards are established standard durations for performing certain given tasks with 

the purpose of determining how long it takes to ultimately produce certain materials or 

complete certain processes. Each process has a human/operator factor and one of the 

fundamental principles in industry is that each employee is entitled to a fair day’s work and 

thus no man can be treated as a machine.  

These standards include allowances due to fatigue, personal duties and delays due 

to external factors. According to (Freivalds & Niebel, 2009), there are 7 types of allowances 

that can be categorized in 3 categories: 

Figure 3: Systematic Layout Planning procedure 
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·  Constant allowances 

�  Personal needs 

�  Basic fatigue 

·  Variable fatigue 

·  Special allowances 

�  Unavoidable delays 

�  Avoidable delays 

�  Extra allowances 

�  Policy allowances 

Time standards are usually used to implement wage payment schemes and are closely 

related to production control, plant layout, purchasing, cost accounting and control and 

process and product design.  “Time standards are fundamental to the operation of any 

manufacturing enterprise or business, providing the one common denominator from which all 

elements of cost evolve” (Freivalds & Niebel, 2009).  These standards can be determined by 

using estimates, historical records or work measurement techniques such as time studies, 

pre-determined motion time systems (PMTS), standard data, formulas, queuing theory and 

work sampling.   

 Time studies are the most common of the techniques. One of the best methods for 

time studying is using a camcorder in order to record operations.  In this way one can review 

the operation if one might have missed details or cycle periods.  It is however important that 

the operator is informed of being time studied and his/her consent should be given before 

initialising video recording. 

4.5 Activity charts 

Activity charting is a technique most commonly used in work study and ergonomic analysis.  

Process charts and flow diagrams give a picture of the various steps in the process, but it is 

often desirable to have a breakdown of the process or of a series of operations plotted 

against a time scale.  Thus activity charts is used to serve this purpose.  One such activity 

chart specifically deals with operations where operators and machines work intermittently at 

the same time.   

The Man-Machine chart is necessary in order to eliminate idle time of operator while 

machine is in operation, while letting machine operate as close to full capacity as possible.   

In order to create a Man-Machine chart, data should be recorded as to when each operator 

and each machine works and what each does.  This data is then represented in a time 

scaled bar chart, showing the total time of the operation, critical path tasks, improvement 

gaps of opportunity and when each task of man and machine begins and ends in 

conjunction with each other. 
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4.6 Cause and Effect (Ishikawa) 

Cause and effect diagram, also known as fishbone diagram, is a technique used when a 

problem is identified, where the analyst defines the event of the problem (the effect) and 

then defines the factors contributing to the problem (the cause).  There may be various 

causes for a single problem and each cause can be sub-categorized in sub causes.  The 

purpose of this technique is to determine primary causes and sub causes for the problem 

and could even lead to a solution. 

 

 

4.7 Theory of constraints (TOC) 

Theory of constraints is a technique ideal for complex and large environments that is 

dominated by high uncertainty.  The base principle of TOC is: Every complex system is 

governed by inherent simplicity (Goldratt, Barnard, & Goldratt, 2004).  The more complex a 

system, the more interdependencies there are between processes and the higher the 

chance that impacting one point in the system will have affect on other parts of the system. 

The actual throughput of a system is dependent on only a few elements in the system.  This 

inherent simplicity resides in two aspects of the system namely: 

·  Physical aspects: Flow of critical processes 

·  Logical aspects: Flow of cause and effect 

There are only a few factors that govern the performance of the aspects of the system which 

is called constraints. 

The following steps can be followed in order to solve problems with TOC: 

1. Identify the constraints. 

2. Decide how to exploit the system constraints. 

3. Subordinate everything else to that decision. 

4. Elevate the system constraints. 

5. If the constraints have been broken, go back to Step 1, but do not let inertia 

become the system constraint. 

 

TOC Rules of production and scheduling serve as guidelines when using TOC in practice: 

·  Balance flow, not capacity. 
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·  The level of utilization of a non-bottleneck is not determined by its own potential, but 

by some other constraint in the system. 

·  Utilization and activation of a resource are not synonymous. 

·  An hour lost at a bottleneck is an hour lost in the total system. 

·  An hour lost at a non-bottleneck is a mirage. 

·  Bottlenecks govern both throughput and inventory in the system. 

·  A transfer batch may not and often should not be equal to the process batch. 

·  A process batch should be variable both along its route and over time. 

·  Schedules (priorities) should be determined by analyzing all of the system constraints 

simultaneously. Lead times are the result of the schedule and cannot be 

predetermined. 

 

4.8 Lean Manufacturing 

Lean manufacturing is a manufacturing strategy that seeks to increase efficiency and cut 

costs while improving quality by means of eliminating waste.  According to Fujio Cho, there 

are seven types of waste that needs to be minimized namely: Overproduction, waiting, 

transportations, excess inventory, over processing, unnecessary motion and defects.  

(Abdullah, 2003) 

Here are a few lean manufacturing tools, techniques and principles that are used in the 

manufacturing industry: 

·  Cellular manufacturing: a Single product or a group of similar products are processed 

from beginning to end by using an efficient workstation and equipment layout that 

allows for smooth movement of inventories and materials in order to reduce waste.  

Such a workstation and equipment are known as a cell, hence the name. 

 

·  Total quality management (TQM):  TQM is a continuous improvement system which 

is based on participative management and focuses on customer satisfaction.  TQM 

methods include employee training, statistical methods (quality control charts), 

problem solving teams, long term goals and strategic thinking and identification of 

whether inefficiencies are caused due to the system (normal causes of variation) or 

due to the people using the systems (special causes of variation). 
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·  Just in Time (JIT): JIT is a pull system strategy where signals (Kanban) between 

different points in the system are used in order to notify certain processes when to 

initiate.  JIT has the philosophy of getting the right materials in the right place at the 

right time.  It focuses on inventory reduction, continuous improvement of quality and 

efficiency and waste reduction. 

 

·  Kanban system:  Kanban is a scheduling system used in order to achieve JIT by 

means of using kanban signal cards which tells you when, how and what to produce.  

A Kanban card is a message which signals the depletion of parts, products or stock 

and triggers the replenishment of the parts, product or stock.  This allows the 

manufacturing process to continue with production without the delay of having to wait 

for parts.  One such use is the Three- bin system.  Three hypothetical or physical 

bins are placed in the system, one at the production department (demand point), one 

at the storage department and one with the suppliers.  A portable kanban card is 

placed within each bin which contains the product details and other relevant 

information.  When the production department’s bin is empty, the empty bin is 

returned to storage department which will replenish the empty bin and return it to the 

production department.  If storage becomes empty, they send their empty bin to the 

suppliers for replenishment.  There is a wide variety of equipment that can be used to 

implement the kanban system naming a few:   

�  Electronic LCD display screens. 

�  Using different coloured lights.  

�  2 way radio system. 

�  Special sound system. 

 

Figure 4: Kanban system diagram  
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·  Setup reduction:  a Continuous attempt at minimizing setup times by any means 

necessary. 

 

·  Housekeeping (5s):  Good 

housekeeping is maintaining an 

organized workplace and utilizing 

consistent methods in order to 

reduce waste and optimize 

productivity on a daily basis.  Good 

housekeeping is a westerns term 

that originated from the 5s 

Japanese philosophy.  The 5s 

philosophy is based on 5 Japanese 

terms with the following translation 

and is explained in the following 

figure: 

�  Seiri (Sort) 

�  Seiton (Straighten)  

�  Seiso (Shine) 

�  Seiketsu (Standardization) 

�  Shitsuke (Sustain) 

 

Housekeeping has the benefits of reducing workloads and human errors, maximizing 

operation efficiency, increasing quality of work, enhancing employee morale, 

simplifying processes and creating a healthier and safer work environment. 

 

Housekeeping may be implemented by using the SDSA cycle which has four stages: 

 

�  Standardize:  This stage involves teaching the employees to understand the 

most critical factors that has an effect on their daily work methods.  It allows 

the employee to develop best practises by only focusing on the value added 

actions and eliminating the non-value added actions they perform on a daily 

bases.  Flow charts, Ishikawa diagrams and Simulations are useful tools to 

achieve this.  

  

�  Do:  This stage involves implementing possible methods on a trial basis and 

collecting data and measurements on key indicators with the purpose of 

determining the optimal configuration of best practise method. 

Figure 5: 5S philosophy diagram  
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�  Study:  This stage involves studying the data and measurements in order to 

calculate the effectiveness of the best practise method. 

 

�  Act:  This stage involves establishing the best practise method, illustrating it 

on a standardized flow chart and training all applicable employees according 

to this best practise method. 

 

·  Total Preventative Maintenance (TPM):  The operators should be included in 

maintenance and monitoring activities in order to prevent and provide warning of 

malfunctions.  The focus should be shifted from fixing problems to preventing them. 

 

·  Value stream mapping (VSM):  a Value stream is a combination of all actions and 

information required to bring a product through the main flow from the raw material to 

the consumer.  VSM is a method for creating a one page picture of all activities that 

occur in a company when a product or service is demanded by a customer and the 

company have to provide the product or service to the customer.  VSM documents all 

processes (value adding (VA) and non-value adding (NVA)), process times, lead 

time, transportation between processes, inventory and procedures. 

VSM allows the analyst to: 

�  Create a current “as is” state of the value stream 

�  Identify time wastages and responsible causes. 

�  Find ways to reduce time wastages and improve process flow. 

�  Create a future “to be” state reflecting the improved value stream. 

4.9 Simulation modelling 

Simulation modelling assumes that we can describe a system in terms acceptable to a 

computing system. A key regard is that of a system state description. If a system can be 

Figure 6: Value stream mapping diagram  
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characterized by a set of variables, with each combination of variable values representing a 

unique state or condition of the system, then manipulation of the variables simulates 

movement of the system from state to state. A simulation experiment involves observing the 

dynamic behaviour of a model by moving it from state to state in accordance with well-

defined operating rules designed into the model. 

Simulation modelling approaches: 

·  Monte Carlo Simulation (static, stochastic) 

·  Continuous simulation (dynamic, deterministic) 

·  Discreet simulation  (dynamic, stochastic)  

Discreet simulation utilizes random distributions in order to manage for the element of 

uncertainty, inherent in all systems and processes, on a dynamic (time continuous) bases.  

This allows for statistical accurate modelling of real time reality in order to illustrate the 

present operations of a system or a proposing estimation of how operations of a system can 

be.  Specific software package are designed to accommodate discreet simulation, of which 

Arena is the most popular and familiar. 

 

4.10 Selection of Appropriate Method, Tools and Techniqu es 

After doing research and while bearing in mind the problem definition, project plan and initial 

general analysis of the M4 system, the following methods, tools and techniques are 

considered appropriate for approaching this project: 

I. Investigation phase  

·  Job worksite analysis 

·  Ishikawa technique 

II. Quantification phase: 

·  Time study 

·  Value Stream Mapping (VSM) 

·  Layout analysis 

·  Man Machine chart 

III. Solution phase: 

·  Operations analysis 

·  Setup time reduction 

·  JIT principle   

·  Housekeeping (5S) 

IV. Proposed state illustration phase: 

·  Man Machine chart 
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5 Investigation phase 

5.1 System overview  

In order to investigating the M4 unit system, a basic understanding should be obtained of 

what actually happens in the current system.   

5.1.1 Layout 

At HTSA, it is evident that a Product Layout is in use.  Machines are dedicated to a particular 

product (M4 unit) and each stage of production is distinct from the next.   The product has 

few stages, as shown in the figure7, and each stage has its one station as to where the 

operation is performed.   

Focusing attention to the M4 assembly department, the layout is depicted in a way 

which allows all machines and tools to be close to the product being assembled and it is 

mostly done on a single assembly platform machine known as a manipulator.  The assembly 

bay also has 3 test stations which allows for testing of up to three units to occur while 

another unit is being assembled on the manipulator.  The operator moves all around the 

workstation while assembling in order to get parts, tools and material handling equipment.  

Two overhead cranes, 20 ton and 5 ton, is situated above the workstation which is used for 

all heavy lifting purposes.  At least two M4 unit’s components are available in the assembly 

department at all times which includes: a fully fledged kit, housing, lantern housing, coupling 

and LSS. An illustration of the current layout of the workstation is illustrated in appendix A. 

 

5.1.2 Product positioning strategy 

The M4 unit system is an operations/production system, specifically an assembly system, 

with a make-to-stock (MTS) product positioning strategy.  An order contract was closed with 

the customer at the initiation of the project (December 2008) from which a production plan 

was developed which included a delivery schedule as illustrated in Appendix B. From the 

delivery schedule the following information was obtained: 

·  The M4 project delivery dates stretches from 13 January 2009 to 15 November 2012 

(3 years,10 months) with 34 milestones 

·  Units are delivered in batches of 16 units per batch 

·  The building factor (required building rate in days per unit) is determined for each 

milestone. The average building rate equals 1.8 days per unit (0.55 units per day) 

·  The following 5 milestones, stretching between 1 November 2011 and 13 March 

2012, are all critical milestone with required building rates �  1 unit per day. 

·  The most critical milestone of the following 5 requires a building rate of 0.7 days per 

unit (1.4 units per day). 
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A target building rate is required in order to have an aim to improve the system towards. It 

would be ideal to be able to produce M4 units at a building rate of 1.4 units per day, which is 

required for the most critical milestone, but it is unnecessary because if a batch is complete, 

the operators don’t wait for the deadline to be over before continuing on the following batch.  

Calculating the average between the coming 5 critical milestones, a value of 0.9 days per 

unit (1.139 units per day) is determined.  

Thus it would be more accurate to assume a target building rate of 1.139 units per day.  This 

target building rate will serve as a benchmark for the project as to what the goal is to 

achieve. 

5.1.3 System flow 

After knowing what the target building rate is, it is necessary to know what exactly this 

building rate entails.  In this case, the term building is defined as every process that plays a 

role in the assembly of the M4 unit from the procurement of all parts up to the packaging of 

the final product for shipping.  A flow chart of the flow of production of the M4 unit is 

illustrated in figure 7.  

 As previously stated in the project scope, it was proposed that only operations 3 to 8 

(Department A, B and C) should be considered for the scope of this project. A further 

investigation into these three departments will determine whether possible improvement 

opportunities exist in order to reach the target building rate. 
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Figure 7: M4 production flowchart 
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5.2 Worksite analysis 

A worksite analysis was done in each of the three departments in order to get an overview 

understanding of operations.  In order to complete worksite analysis, observations was done 

in each department over a 3 day period. The worksite analysis guides of each department 

can be viewed in Appendix C.  From the worksite analysis in each department the following 

information was obtained:  

·  A basic idea of what happens in each department. 

·  A basic idea of each department’s environment and working conditions. 

·  Basic background of each operator. 

·  The tools, PPE and material handling equipment which are typically used. 

·  The amount of operators working in each department. 

·  There are no standard times available and cycle times are unknown in each 

department. 

·  Department B is the time critical (bottle neck) department in the system.   

�  Department A operations initialisation is dependent upon department B’s 

demand. (Pull process) 

�  Department C operations initialisation is dependent upon department B’s 

supply and doesn’t constraint the lead time (Push process) 

�  The cycle time of the assembly operation is by far longer than any other 

operations. 

·  A 3-bin kanban system is used between department A and B 

From considering TOC principles in conjunction with the above mentioned information, 

department B determines either the greatest portion of the throughput of the system or the 

total throughput of the system. Thus it is clear that in order to reduce lead time of the 

system, the reduction in lead time of department B will have an effect on the total system 

lead time reduction.   

As there are no time standards available, time studies need to be done on the 

assembly operation in detail.  These time studies will not only give time standard data, but 

also opportunity to determine where possible improvement can be made and whether the 

right procedure is being followed in order to assemble the product. 

 Cleaning operations up to storage, which succeeds the assembly operation within 

scope, happens simultaneously as the following units are being assembled.  The assembly 

operation rate may serve as the building rates which can be compared with the target 

building rate given the preceding operations don’t take longer than the assembly operation. 
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To determine whether this might be the case, standard time for operations 5 to 8 to should 

also be determined and analysed.  

 

5.3  Current mitigation actions 

Current HTSA actions to solve the problem include making operators work over time and on 

weekends and allowing an extra employee to help the operators from time to time.  This 

solution is feasible because overtime and extra employee wages is less expensive than 

penalty costs that might be incurred due to missing the deadline, but the following 

disadvantages related to this solution makes it unviable:  

·  Unnecessary costs are still being incurred. 

·  Operators are over utilized and become fatigued. This affects their work performance 

which causes their productivity to drop and building time to escalate. 

·  When working after hours, operator has no supervision to check whether he is 

working productive. 

·  When working after hours, operator has no support for when a problem occurs. 

This solution is a tactical short term approach to solving the problem which can be classified 

as damage control.  What the M4 system needs is a strategic long term approach that 

should be classified as process improvement. 

5.4 Cause & Effect 

While observing the assembly department, a few improvement opportunities were noted. 

The following Ishikawa diagram illustrates the causes identified for the overall problem in 

assembly operations. 

 

Figure 8: Assembly operation cause & effect diagram  
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5.5 Investigation conclusion 

After doing investigation of the M4 system, the following can be concluded: 

·  The benchmark lead time required for M4 production is 1.139 units/day 

·  This lead time can be measured by determining the standard time of assembly 

operations. 

·  The latter is true due to assembly operations being the critical constraint (bottle neck) 

in the M4 system. 

·  To solve the project problem, the assembly operations throughput should be more 

than 1.4 units/day 

·   The latter is only true if the operations after assembly don’t take longer than 

assembly operations. 

·  Current solutions to the problem are unviable.  
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6 Quantification phase 

6.1 Data gathering 

In order to establish a standard time of operations in the assembly department, relevant data 

should be gathered and this data should be converted into usable information.  This data 

was gathered by means time study observation of the assembly operations by using a video 

camcorder.  Before recording the footage, proper introduction to the operator and 

explanation the operator for the reason for the time study was given.  The operator was 

informed of the procedure of the time study and he gave his consent to participate.     

The M4 unit assembly operation was recorded over 2 days totalling 9 hours of video 

footage. The recorded footage was intensely analysed and converted into useful information. 

This information serves as the baseline for the total project analysis. 

For the time study, the assumption was made to record each task done by the 

operator from the time he begins with a gearbox unit, up until the time he starts with the 

following gearbox unit, not necessarily when a gearbox unit leaves the M4 assembly 

department.  The reason for this being, three gearbox units are being assembled and 

operated at the same time by the same operator.  While the new unit is still being 

assembled, a previously assembled unit leaves the assembly department.  Each of the three 

units has a different status at the beginning of the time study and each are identified 

throughout the study by the following means: 
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Table 2: Status at start of time study 

 

6.2 Time study 

By completion of the time study, 10 stages with a total of 102 activities were identified with 

their respective time, dependent activities, type, tools and material handling equipment used 

and a description of the activity or anything worth noting. The type indicates the necessity 

and value of the activity and this is represented by using 3 statuses namely: Value added 

(VA), Non-Value added (NVA) and Waste/Waiting (W).  The following background is 

important in order to understand the M4 assembly operations: 
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·  The manipulator is a machine used as the station where all internal assembly 

operations occur. The manipulator has the ability to rotate the housing of the unit 

being assembled by 180°. 

·  Three testing stations are available in the M4 assembly department, but only 2 are 

used at the same time. One for external assembly procedures and one for testing 

procedures. 

·  For quality testing to occur, each M4 unit has to run on a motor for 12 to 24 hours in 

order for the gearbox system to reach working conditions.  Afterwards vibration, heat 

and unit input and output speeds are measured and tested to specifications. 

·  Six bearings, a coupling, two gears and a backstop are components which undergo 

heating in order for components to be assembled. Induction heaters are machines 

utilized for this purpose.  These operations are time dependent. 

·   After fitting the latter components, a cooling fan is used to shrink the components 

and cool the unit down. This operation is time dependent. 

·  Two overhead cranes are used for all lifting and transport purposes of heavy 

components and gearbox units within the M4 assembly department. These 

transportation operations are time dependent. 

The operator was observed again through a full operations cycle after the video footage time 

study was completed.  The reason for this was to confirm the accuracy of the procedure and 

times earlier recorded.  The final time study results are shown in appendix D.  

  

6.2.1 Cycle time 

The total cycle time to complete a gearbox was calculated as 7.53 hours.  However this 

alone is not an accurate representation of the standard time.  The following formula is used 

for calculating standard time:  
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6.2.2 Allowance and Additional time 

Allowances are taken into account due to human factors affecting the total time of the 

assembly operations.  According to expert opinion (Meyer, 2011), the industry standard for 

allowances is usually 14%.  Table 3 shows the allowances that were identified in order to 

confirm the latter amount.  
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      Table 3: M4 Assembly operator allowance 

The allowance values are as determined by (Freivalds & Niebel, 2009). Personal needs 

include lunch breaks, water breaks and idle time due to operator general well-being.  Basic 

fatigue is allowance given due to general energy expenditure while working.  Variable fatigue 

includes abnormal postures, muscular strain and mental strain due to high complex work.  

Special allowance is given due to operator giving a great deal of attention to quality of parts 

being fitted.  Unavoidable delays include supervisor interruptions, parts being defective, 

incomplete kit, machine breakdowns and tools being shared.  

Additional time is delays due to employee meetings. In each week approximately 60 

minutes are spent in meetings. Thus with the current allowance, 4.6 units are built per week 

which means 13 minutes of additional time should be added to each unit.   

6.2.3 Standard time and improvement objective 

Having the cycle time, allowance and additional time, the standard time is calculated to be 

8.96 hours per unit (rounded to 9 hours per unit).  Converting the benchmark of 1.139 units 

per day (8 hour day) to hours per unit will cause the value to be 7 hours per unit. The 

difference between the actual and the required time is 2 hours per unit. 

 Thus in order to reach the required building time (benchmark), 2 hours should be 

eliminated through process improvement, assuming that a standard 8 hour days is 

maintained, no addition employee is added to the assembly operations and the post-

assembly operations don’t take longer than assembly operations. 
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6.3 Value stream mapping 

To address the assumption whether post-assembly operation take longer than assembly 

operations, a VSM should be developed.  In order to develop a VSM, the standard times for 

each operation are necessary which requires time studies to be done on these operations.   

 Less intensive time studies were conducted on these operations in comparison with 

the assembly operations due to only needing the standard times data associated with these 

operations.  The following are a few things worth noticing in regards to the post- assembly 

operations: 

Usually two M4 units undergo cleaning operation at the same time.  The cleaning 

department can accommodate up to 6 units at a time if necessary. 

Usually two M4 units undergo painting operation at the same time.  The painting department 

can accommodate 4 units if necessary. 

Each department has independent operators focusing on that specific operation. 

Cleaning and painting operations standard times per unit varies in accordance with different 

batch size operated.  The more units are operated per operation, the smaller the standard 

time per unit is within each operation. Thus the calculation of the standard times in these 

operations was determined by the assumption that only 2 units are operated per operations.   

The times are calculated as follows: 

 Operation Batch size Cycle Time  Standard time 
Cleaning 2 40 min 20 min 
Painting  2 6 hours 3 hours 
Peripheral fitment 1 10 min 10 min 
Packaging 1 10 min 10 min 
 

These standard times where used in accordance with other observations to develop the 

VSM illustrated in appendix E.  The summation of these standard times and the average 

delays determined between each department equals to 400 minutes per unit, which is less 

than the 9 hours per unit (540 minutes per unit) in assembly operations.   

Thus the latter assumption is correct and the building lead time is solely determined by the 

assembly operations. 
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6.4 Present Man Machine chart 

After doing a complete time study of the M4 assembly operations, a step by step procedure 

of the operations is known together with the total lead time of the assembly department.  

Due to a few important machines operating at the same time as the operator in the assembly 

department and these machine operations being time dependent, it is necessary to create a 

Man-machine chart of the present assembly department which shows the correlated 

operations of the operator and the machines on a time scale. 

The procedural data of the time study is used to create this Man-machine chart, 

which is illustrated in appendix F.  The machines having most affect on the assembly 

operations is the overhead crane(s), small induction heater, large induction heater and 

cooling unit.  The following is important to take notice of considering the Man-machine chart: 

·  The small induction heater takes an average of 5 minutes to heat each bearing from 

room temperature to 120°c and 30 minutes to heat th e HSG from room temperature 

to 150°c.  

·  The large induction heater only heats 2 components through assembly operations. 

·  If the induction heaters complete their heating operations, the components losses 

heat and start to crimp. Thus if the components are not fitted in a reasonable time 

after heating operations are done, it has to be heated up again.  This causes the 

operator to be idle in that time. 

·  Cooling operations starts over each time a heated gear of bearing is fitted to a 

component in the housing.  

·  Overhead crane has a lot of setup time.  Thus crane usage should be kept to a 

minimum. 

In order to reduce setup time using the Man-machine chart the following should be 

considered: 

·  Eliminate the gaps where the operator is idle 

·  Try to reduce the time of the activities taking the longest time 

·  Create a Man-machine chart illustrating the proposed state if recommendations 

would be implemented 
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6.5 Quantification phase conclusion 

After doing quantification of the M4 system, the following can be concluded: 

·  Data was gathered and time study was done intensely on the assembly operations 

·  The standard time determined for assembly operations are 8.96 hours per unit. 

·  The amount of time that needs to be eliminated through process improvement is 2 

hours per unit. 

·  The building lead time of the M4 system is only dependent on the assembly 

operations. 
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7 Solution phase 

Due to Hansen Transmissions being part of an international company, research was done as 

to how long it takes other assembly plants to produce the M4 unit.  It was determined that 

the assembly plant in Belgium takes approximately 4 hours to assemble one M4 unit.  

Comparing this with HTSA’s standard time of 9 hours per unit, it is evident that there is 

massive room for improvement.  There are however a few factors playing a major role which 

explains the massive difference between the two lead times: 

·  The operators in Belgium have a higher education and skill level than the operators 

in SA.  

·  The operators are better paid due to their higher skill level and are thus more 

motivated. (less allowance) 

·  Belgium has better technology and more money to afford better technology. 

·  SA’s operators also place a restriction on the technology being used due to the lack 

of skill. 

·  Belgium has fewer operators and more machines doing the work of operators. This is 

not applicable in SA due to the high unemployment. 

·  Cultural differences of operators. 

The latter factors restrict HTSA from improving operations and reducing lead times.  But 

there are also elements from Belgium operations that are applicable and some of these 

elements will be considered. 

In order to reduce lead time of assembly operations, the elements affecting 

allowances should be investigated and the areas of opportunity determined with the fishbone 

diagram and Man-machine chart should be exploited in order to reduce cycle time.  It should 

be noted that a reduction in cycle time will decrease the lead time even more due to 

allowances being a dependent percentage of the cycle time. 

The following elements and areas of opportunity were identified to solve the problem: 

1. Setup time can be reduced by improving tool layout and orientation. 

2. Setup time can be reduced by improving part layout and orientation. 

3. Idle time due to defective parts, incomplete kit and machine breakdown can be 

reduced by implementing a signalling system.  

4. Idle time due to wrongly followed procedure and machine waiting time can be 

reduced by optimizing assembly procedures. 

These areas of opportunity is addressed based on lean manufacturing techniques such as 

the 5s principles of good housekeeping, setup time reduction and JIT principles.   
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7.1 Tools analysis 

While doing time study, it was noted that a great deal of setup time is wasted due to 

searching of the right tools and parts.  This setup time is divided in the following three 

activities: 

·  Get: The time it takes to move between the item storage location and the item usage 

location. 

·  Search: The time it takes to search for the right items. 

·  Store: The time it takes to take the tool back to its storage location. 

The get and store activities are highly dependent on the distance between the storage 

location and the item usage location.  The search and store activities are dependent on the 

orientation of the tools in their storage location.  Thus in order to reduce the tool setup time, 

the latter distance should be reduced and the tool orientation should be improved.   

This can be accomplished by following the seiri(sort), seiton(straighten) and 

seiso(shine) housekeeping principles.  According to these principles it is important for any 

workstation layout to be clean, neat and constructed in such a manner in order for needed 

items to be placed in such away to allow for quick and easy retrieval when needed.   

7.1.1 Tool sort analysis 

It is important to divide the needed from the unnecessary tools.  It was determined 

from the video recordings which tools are actually used and tool stocktaking determined 

which tools are not used.  Table 4 illustrates the latter and also indicates at what location 

each tool is currently located. (Appendix A indicates locations) 

Table 4: Needed versus unnecessary tools 
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The 12 items identified as unnecessary impedes the operator from getting the right tools 

when needed which increases setup time according to the search activity.  Removing these 

items from the workstation decreases setup time. 

7.1.2 Tool layout analysis  

One of the success elements of Belgium operations, that might also be applicable to HTSA 

operations, is the tools and part layout which addresses the orientation of the items.   

Images were obtained from Belgium which illustrates the workstation layout of the M4 

assembly department in Belgium. Figure 9 illustrate the difference between Belgium’s tool 

layout and HTSA’s tool layout.   
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Figure 9: Belgium versus HTSA tool layout 

Belgium HTSA 
Work table drawer 

Central shelf 

Steel cabinet 
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It is clear that Belgium’s tool layout is better organized, more accessible and allows for quick 

and easy retrieval and storage of items.  A similar layout schematic can be implemented at 

HTSA by still using the tool storage units currently used at the M4 assembly department, 

reducing search and store setup time.  

Only the steel cabinet and work table drawer can be used for storing all the needed 

tools, leaving the central shelf clear of all tools.  The steel cabinet can be moved closer to 

the manipulator, just above the work table drawer. This will allow the operator to retrieve 

necessary tools without having to walk any distance, reducing get and store setup time.  

Appendix G shows a proposed workstation layout illustrating the latter. 

 

7.1.3 Tool setup time reduction calculation 

It was determined from the video recordings approximately how much setup time it takes for 

each tool to be used and in how many activities each tool is used.  This was summed to 

calculate an estimation of the total present tool setup time as illustrated in appendix H. 

The setup time for each tool was estimated if the following would be implemented and the 

total proposed tool setup time was calculated: 

·  Removing unnecessary tools from the workstation  

·  Belgium’s tool orientation schematic within in steel cabinet and worktable drawer  

·  Reorganizing workstation layout in order to have the steel cabinet just above the 

worktable drawer 

It was estimated that 60 minutes are currently spent on tool setup time per cycle and only 23 

minutes will be spent if the latter would be implemented.  Thus 38 minutes can be saved on 

the cycle time. 

 

7.2 Part analysis 

At the moment all components of the M4 unit are 

temporarily kept at the inventory area which is located 

quite a distance from where these components need to 

be fitted.  Smaller components are located within a box 

on the kitting pallet and these are also not properly 

organized within the box, thus impeding the operator 

from finding the correct component when needed.  In 

order to reduce part setup time, the distance should be 

reduced and the part orientation should be improved.   

Figure 10: Kitting pallet 
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7.2.1 Part layout analysis 

Instead of letting the operator go to the kitting pallet to retrieve components when needed, 

the components should be brought as close as possible to the workstation in order to 

minimize the walking distance of the operator and moving distance of the crane. 

 The central shelf, which should be cleared of all tools and junk, should be outfitted to 

host the WIP components instead of a kitting pallet. The employee responsible for kitting 

operations should ensure that the parts are transported from the kitting pallet to the central 

shelf and sorted according to a part layout schematic as presented in figure 11.   

The following things should be noted while considering this layout schematic: 

·  The shelf is redesigned to incorporate ring brackets and bins as illustrated in 

appendix I.  The shelf is already outfitted to host the eight bins. Three ring brackets 

should be welded to the structure according to the design.  

·  The layout schematic is drawn according to scale.  

·  The layout schematic is designed to host up to three M4 unit kits, one serving as WIP 

and the other two serving as a buffer and safety stock. 

·  The numbers on the layout schematic may be referenced with the table in appendix J 

which indicates the identity of each component. 

·  Number 23 indicates the positioning of components on 

the ring brackets.  The numbering may be referenced with 

the ring bracket table in appendix K which shows which 

component is allocated to which position. (An example of 

the latter application is illustrated in Figure 11) 

·  Number 25 indicates the positioning of parts in the small 

component bins.  The numbering may be referenced with 

the bin allocation table in appendix K which shows which 

component is allocated in which bin. 

·  Number 26 indicates the positioning of the box containing 

small parts that are allocated to neither the ring brackets 

nor the bins.  These components are illustrated in the box 

components table in appendix K. 

·  There are four components which should not be removed from the kit in the inventory 

area and these parts are illustrated in kit table in appendix K. The gears are too big to 

fit on the central shelves and the V-belt and tube are assembled in the inventory 

area. 

 

Figure 11: Ring brackets 
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Figure 12: Part layout schematic 

 

This layout schematic allows the assembly operator to easily retrieve the right component at 

the right time in the right location.  Appendix G also illustrates the proposed assembly 

department layout if the above part layout schematic would be implemented. 
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7.2.2 Part setup time reduction calculation 

It was determined from the video recordings approximately how much setup time it takes for 

each component to be fitted.  This was summed to calculate an estimation of the total 

present part setup time of 97 minutes per cycle.  

It was also estimated that a total of 43 minutes would be spent on part setup time if 

the above layout schematic would be implemented.  Thus approximately 54 minutes can be 

saved on the cycle time. (See appendix J) 

 

7.3 Signalling system  

From the time study a few idle times presented itself due to the operator being dependent on 

an external party’s service.  Most of these idle times happen only on rare occasions but 

when they do happen, they give a great contribution to the building time.  These idle times 

include the following: 

·  Defective component:  

The operator searches and waits for the quality officer in the warehouse to inspect 

the components and verify whether to proceed with the part or whether to use 

another.   

·  Incomplete kit: 

The component kit may be incomplete and the operator walks all the way to the 

inventory storage warehouse to fetch the missing components. 

·  Machine breakdown: 

When machines stop working and the operator searches and waits for the 

maintenance technician to inspect and repair or replace the machine. 

These delays contribute to the cycle time by way of special allowance as illustrated in 

section 6.2.2 and should be reduced. 

A solution to this problem may present itself in allocating a foreman to the M4 

assembly department and implementing a signalling system by using a 2-way radio system 

to communicate with the foreman.  The foreman should also use this system to 

communicate with the other departments in order to address the problem as fast as possible. 

The network diagram in figure 13 illustrates the allocation of the radios throughout 

the warehouse.  It is evident that 4 radios are necessary to implement the signalling system.  

Based upon expert opinion, this system may reduce the special allowance by 2%. 
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Figure 13: Signal system network diagram 
 

7.4 Procedure optimization 

In order to optimize the M4 assembly procedures the Man-machine chart tool is used by 

monitoring the changes in the activities due to implementation of recommended solutions 

and changing the sequence of activities in an optimal configuration to account for operator 

idle gaps and possible simultaneous machine usage. 

The following steps are taken to optimize the assembly procedure: 

1 Determine and remove unnecessary activities. 

2 Determine and apply activity time wastage reduction opportunities. 

3 Determine and apply activity time reduction due to tool and part layout implementation. 

4 Analyse Man-machine chart with the latter changes to see whether there are any 

operator idle times or simultaneous machine usage. 

5 Find an optimal sequence which will reduce idle times as far as possible and eliminate 

simultaneous machine usage.  

7.4.1  Unnecessary activity elimination 

During the time study a few activities were identified as being unnecessary to be performed 

by the assembly operator.  These tasks are not the assembly operator’s responsibility and 

should be allocated to other employees.  The activities identified with their related 

responsibility re-allocations are shown in table 5.   
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Table 5: Unnecessary activity elimination 
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The operator wastes 4 minutes checking whether all the components are in the kit and 3 

minutes to remove empty kitting pallet and shift others closer.  If the part layout is 

implemented, the responsibility must shift to the kitting operator to ensure all parts 

accounted for and pallets are removed.   

 The operator spends approximately 15 minutes to transport finished M4 unit to the 

washing bay.  An inbound transport operator should be elected to remove finished units from 

the M4 assembly department. 

From the table it is evident that removing these activities, approximately 22 minutes 

may be reduced on cycle time. 

7.4.2 Reduction of time wastage due to part shaping  

During time studies and part layout analysis, it was discovered that two components are not 

accurately shaped.  The operator wastes time, having to shaping these components while it 

doesn’t have to be his responsibility.  The responsibility should shift to the kitting operator, 

which will reduce part setup time even further.  The two components, the activities being 

affected and the cycle time reduced are shown in table 6.  

Table 6: Cycle time reduction due to part shaping 
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The oil pipe is too long and should be grinded at the tip and shaped to the right size.  The 

rim on the oil seal rim is too big which impedes the operator from fitting it to the housing. 

 If this responsibility is shifted to the kitting operator, 7.5 minutes cycle time may be reduced 

from assembly operations. 

7.4.3 Tool and part layout effect 

If the part and tool layouts would be implemented, the assembly operations processes will 

be affected due to the reduction in setup time of certain activities.  In some cases these 

activities causes idle times to appear due to the machines being dependent on time. 
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Table 7 illustrates the activities affected by the tool and part layout implementation 

and the respective time saved on each activity. 

Table 7: Time reduced per activity due to tool and part layout 
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The total time reduced due to tool and part layout implementation is 92 minutes.  Note that 

this value is the same as the summation of the values illustrated in appendix H and J. 

7.4.4 Operator idle time gaps 

After removing the unnecessary activities (table5) and taking into account the activity time 

reductions (table 6&7), the Man-machine chart were analysed revealing no simultaneous 

machine usage but discovering operator idle time gaps in the following situations: 

·  While heating bearing 6006 on small induction heater, operator idles 3 minute 

between activity 1.3 and 1.4 

·  While heating bearing 6005 on small induction heater, operator idles 5 minutes 

between activity 1.5 and 1.6 

·  While heating LSG on large induction heater, operator idles 7 minutes between 

activity 3.3 and 3.4 

·  While heating bearing 6002 on small induction heater, operator idles 2 minutes 

between activity 4.1 and 4.2 

·  While heating bearing 6003 on small induction heater, operator idles 5 minutes 

between activity 6.11 and 6.12 

·  While heating LSC on large induction heater, operator idle 10 minutes between 

activity 7.9 and 7.10 

 

A total wastage of 32 minutes is due to idle time… of so iets…. 

7.4.5 Sequence optimization 

The assembly operations sequence should be changed to account for the latter idle time 

gaps. The changes made should not only take into account simultaneous machine usage, 

but also the dependencies between the activities as illustrated in appendix D. 

 The following sequence changes are made to optimize the procedure: 

·  Activity 1.8 is moved between activity 1.3 and 1.4, eliminating 3 minutes idle time. 

·  Activities 1.10 and 1.11 are moved between activity 1.5 and 1.6, eliminating 5 

minutes idle time. 

·  Activities 3.6, 3.7, 3.8 and 4.1 are moved between activity 3.3 and 3.4 and then 

activity 3.7 is moved between activity 4.1 and 3.4, eliminating 7.5 minutes idle time 

but still retaining 1.5 minutes idle time. 

Note: This move addressed both the LSG and bearing 6002 issue 

·  Activity 7.4 is moved between activity 6.11 and 6.12, eliminating 15 minutes idle time. 

Note: This move addressed both the bearing 6003 and LSC issue. 
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·  Activity 1.23 is moved between activity 4.2 and 4.4 and activities 4.10 and 4.11 are 

moved between activity 4.7 and 4.8, eliminating activity 4.3 (2 minutes idle time) 

These sequence changes produces the following optimal procedure as illustrated in table 8: 

Table 8: Proposed optimal assembly procedure 
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7.5 Solution phase conclusion 

During the solution phase a systematic procedure was followed in order to find ways in 

reducing lead time.  The following four ways were identified and quantified as to how much 

lead time will be reduced: 

·  Sort the needed from unnecessary tools and organize tools according to the layout 

used by Belgium assembly operations. Reduces cycle time by ±38 minutes 

·  Organize the M4 components according to the layout schematic illustrated in 

figure12. Reduces cycle time by ±54 minutes. 

·  Implement a radio signalling system between the foreman and the assembly, 

inventory storage and quality department. Reduces special allowance by 2%. 

·  Change assembly procedures according to the proposed optimal procedure 

illustrated in table 8.  

It is estimated that if all the latter solutions are implemented, the standard time for building a 

M4 gearbox unit will be approximately 6 hours and 30 minutes.   

Comparing this with present standard time of approximately 9 hours per unit, it is 

evident that 2 hours and 30 minutes are reduced.  This is more than the required 2 hours per 

unit.  Thus the objective will be accomplished. 
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8 Proposed state illustration 

8.1 Proposed Man-machine chart 

The following Man-machine chart illustrates the final proposed state with the implemented 

optimal assembly procedure: 
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This chart confirms that the proposed optimal assembly procedure is acceptable.  

Comparing the proposed state Man-machine chart with the present state Man-machine chart 

(appendix F), the differences between the two states are evident. 
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Figure 14: Proposed state Man-machine chart 
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9 Project conclusion 

The primary objective of this project was to find ways in order for HTSA to reach the 

milestones of the M4 Eskom project.  It is necessary to quantify this objective in order to 

solve the problem. 

 The investigation phase determined where the bottleneck in the M4 system lays and 

what exactly the lead time per M4 unit should be in order to reach the project milestones.  It 

was determined that the bottleneck in the M4 system lies in the M4 assembly department 

and that the required lead time was calculated to be 7 hours per unit in order to reach the 

project milestones. Thus the objective of the project, in quantified terms, was to acquire a 

lead time of 7 hours. 

 In order to know how much lead time should be reduced, it is necessary to know 

what the present standard time of the assembly operations are.   This value was unknown 

and intense time study was conducted in the Quantification phase to estimate a present 

standard time of approximately 9 hours per unit.  Thus the objective was to reduce lead time 

by 2 hours, which serves as an even better definition of the primary objective. 

 In the solution phase, four interrelated solutions presented themselves as to reduce 

lead time of the M4 assembly department and ultimately of the M4 system.  These solutions 

included implementation of recommended tool and part layouts, implementation of a radio 

signalling system between departments and the implementation of an alternative M4 

assembly procedure.  It was estimated that these recommendations may reduce the lead 

time of assembly operations by 2 hours and 30 minutes per unit, which is 30 minutes more 

than required for the project objective. This gives a lead time improvement of approximately 

28% and will allow HTSA to reach the project milestones in time, preventing penalty costs to 

be incurred and customer satisfaction to increase. 

 During the solution phase, the Man-machine chart tool was used to monitor the 

implementation of the recommended solutions and to confirm whether the recommendations 

will be viable.  The Proposed state phase illustrates the final proposed Man-machine chart 

which can be compared to the present Man-machine chart (appendix F) in order to see the 

difference between the as-is and the to-be state of the M4 system. 
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Appendix A: Present assembly department layout  
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Appendix B:  Delivery/Production schedule 

M4 unit - PROJECT DELIVERY SCHEDULE vs BUILDING TIME and CAPACITY 

        

Period  
Medupi Kusile Days to 

Build 
Total Units to 

Build 
Build 

Factor Job No. Delivery Job No. Delivery 
1 J3545-1 2009/01/13       16   
2 J3545-2 2009/03/15     61.00 16 2.5 
3 J3545-3 2009/05/15     61.00 16 2.5 
4 J3545-4 2009/07/15     61.00 16 2.5 
5 J3545-5 2009/09/14     61.00 16 2.5 
6 J3545-6 2009/11/15     62.00 16 2.6 
7 J3545-7 2010/01/15     61.00 16 2.5 
8     J3701-1 2010/02/22 38.71 16 1.6 
9 J3545-8 2010/03/15 J3701-2 2010/03/29 35.00 32 0.7 

10 J3545-9 2010/05/14 J3701-3 2010/05/03 45.29 32 0.9 
11     J3701-4 2010/06/07 24.71 16 1.0 
12 J3545-10 2010/07/15 J3701-5 2010/07/05 37.29 32 0.8 
13     J3701-6 2010/08/09 25.71 16 1.1 
14 J3545-11 2010/09/15 J3701-7 2010/09/13 36.29 32 0.8 
15     J3701-8 2010/10/18 33.71 16 1.4 
16 J3545-12 2010/11/15 J3701-9 2010/11/15 28.00 32 0.6 
17 J3545-13 2011/01/15 J3701-10 2011/02/15 92.00 32 1.9 
18 J3545-14 2011/03/14 J3701-11 2011/03/22 35.00 32 0.7 
19     J3701-12 2011/04/19 28.00 16 1.2 
20 J3545-15 2011/05/15 J3701-13 2011/05/17 28.00 32 0.6 
21     J3701-14 2011/06/21 35.00 16 1.5 
22 J3545-16 2011/07/15 J3701-15 2011/07/26 35.00 32 0.7 
23     J3701-16 2011/08/30 35.00 16 1.5 
24 J3545-17 2011/09/15 J3701-17 2011/09/27 28.00 32 0.6 
25 J3545-18 2011/11/15 J3701-18 2011/11/01 48.29 32 1.0 
26     J3701-19 2011/12/06 21.71 16 0.9 
27 J3545-19 2012/01/15 J3701-20 2012/01/10 39.29 32 0.8 
28     J3701-21 2012/02/07 23.71 16 1.0 
29 J3545-20 2012/03/14 J3701-22 2012/03/13 35.29 32 0.7 
30     J3701-23 2012/04/17 34.71 16 1.4 
31 J3545-21 2012/05/15 J3701-24 2012/05/22 35.00 32 0.7 
32 J3545-22 2012/07/15     53.29 16 2.2 
33 J3545-23 2012/09/15     62.00 16 2.6 
34 J3545-24 2012/11/15     61.00 16 2.5 

     1402.00 768  
        
        

  
Average required building rate for on 
time deliveries: 1.8 days per unit  

 

Note:  50% allowance given for delivery time versus production rate 

Red blocks indicate critical milestones with building rates �  1 day per unit
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Appendix C:  Job Worksite analysis 
Department A 

5��6���������
����������
5��6����.� !�,	
������" � ����
��.� %A���
��� /���.�� ?=1361���

/����� ����.��� "�	������
��-����

	����	
��
����
,�
	��
�� �

5��6���7�������

����.�� "�
���
��� � ���.� ?3��
��3� 8�����.��������������� ����������������7����� �
����#�����.�� �����4��3�������������	�� � 9���
�����������.���� 4��3�������������	�� �
:�����������#��.� �������4��3�������������	�� � 7�������	�#��.���� 4��3�����������	�� �

��������������������:!�� ����.���� 
����
������������4����3������
����
����������:��� ��������8��#�� �

$��6�7�������

��	���	,,���E��&
��$
�,	
�����
����1
��E�
 ��� �	
�
��� ,	
��� 
�� ���� -�� ����� 	
�� �	���
�$� �
��� ��
� 
�� 	� )������� ,	����� 	�$� �
	��,

��$� �

��
$�,	
������"��
�$�,	
������0������	��

)����A��
�
��+�������	��������������)��4��
���,	
����
�����
 
�����	������
,�
	��
���	�$�,
�,	
	��
��A���

��	��)��$��
���
��
���	
�����
���$E�
��	�)���4��������4��	

����4���
����4��

������4��� �$��� �

"
�����
��	���F���1��G��
��E�"��
�	��
�E�
�
	���	�$���	
��	�������	������������������$ ��

��	���

���

��	��
�	���	�$������/��,�����	
������� ����$E�
���
��4�,	�����F	�)4��

)�����

9�����
��	��������������
���$E�
H��A��&�	��������������$
�������
	���	�$�,	�����F	� )���

9�������

)�
��	�����$E�������	���

)�
	$E�
�
 ��

&
���
�������	��������E�"�����	�$	
$������	�	��	��� E�
�
���	�$	
$������	�	��	���A�������������	
�������$� �	�$��

��$�,	
������0A�
�
��+�(�������$��	��
����	��$�,	
������"�$
���I���
 ���
	��������	������	���

5��6�:�#���������7�������

9�������������	��
��	���,�	���E� 9�������
���������� 	���,�	���E�
�H�� � H�� �

9�����
����	����
���E� 9�����
�����
	��
�E�

��
 � -����	� �

������������#��7�������

"
�����
���	�������������E�
H�	
����
�����4���
����	������������4��G�
	�,	��
�� 
����� ��

9�����
��F
��

�	��
�E�
H��A�� �
���,�
,���	
��	�����
�$
�)�������
,�
	��
� ��	�$�������

�	������)�� A�
�
��+�;�������
,�
	��
�����
����	���	���,	
��
��
,� 
	�

�I�$	�����

)A �

9���
	������

��

)��	
$������,

��$�$E�

H��A� 
	�������

�,

��$�
���
��)�������
,�
	��
��� ,

��$�$A� ��
 



  

x 

 

Department B 

5��6���������
����������
5��6����.� !�,	
������0 � ����
��.� %A���
��� /���.�� ?51361���

/����� ����.��� "�	������
��-��	��������
,�
	��
�� �

5��6���7�������

����.�� "�
���
��� � ���.� ?3��
��3� 8�����.��������������� ����������������7����� �
����#�����.�� �����4��3�������������	�� � 9���
�����������.���� 4��3�������������	�� �
:�����������#��.� �������4��3�������������	�� � 7�������	�#��.���� 4��3�����������	�� �

��������������������:!�� ����.���� 
����
������������4����3������
����
����������:��� ��������8��#�� �

$��6�7�������

��	���	,,���E��&
��$
�,	
�����
����1
��E�
%��������
�,
�����)����

��$�,	
������0�	�$�������	 ��������,

��$�
��A��
 �
��� ������ 	
�� 	�������$� 	�� ���� �	��� ����+� 
��� ��� ��� ��	
��$4� 
��� ������ �����$� 	�$� 	�
���
� ������
,
�,	
�$��

�$�,	
��
���
�$�,	
�������A�

��	��)��$��
���
��
���	
�����
���$E�
��	�)���4��������4��	

����4���
����4��

������4��� �$���A �

"
�����
��	���F���1��G��
��E�"��
�	��
�E�
��	�$�?3��
��
��
��	$��
	���4��	��,��	�

4��

����� ����4�����������	��
�4���$����
����	��
A ��

��	���

���

��	��
�	���	�$������/��,�����	
������� ����$E�
"����

���7����",,��$�G�08�

9�����
��	��������������
���$E�
H��A��&�	��������������$
������
��
��	$��
	���� �

9�������

)�
��	�����$E�������	���

)�
	$E�
-����	� �

&
���
�������	��������E�"�����	�$	
$�������	�	��	�� �E�
�
���	�$	
$�������	�	��	���A� ��
������
����
�	���� ���	
)+�0�������	����������	��������������
�
�A�
������������	
����	�$������)�
����
��	�	������A�"�
 
���������	��
�����5��
�B��
�
��

5��6�:�#���������7�������

9�������������	��
��	���,�	���E� 9�������
���������� 	���,�	���E�
�H�� � H�� �

9�����
����	����
���E� 9�����
�����
	��
�E�

-����	���G,
��
� � -����	���G,
��
� �

������������#��7�������

"
�����
���	�������������E�
H�	
����
�����4���
����	������������4��G�
	�,	��
�� 
����� ��

9�����
��F
��

�	��
�E�
H��A�� �
�,�
,���	
���
	���$�	�$��	,	����
��$
����	 ��������
,�
	��
���	�$�������

�	���
��	�$	�����	�� �A�

9���
	������

��

)��	
$������,

��$�$E�

H��A� 
	�������	��,

��$�$�	����������������
������ ,

F���A�� ��
 



  

xi 

 

Department C 

5��6���������
����������
5��6����.� !�,	
������� � ����
��.� %A���
��� /���.�� �31361�� �

/����� ����.��� "�	������
��-�����	����4�,	������4�,�
�,��
	������� ���	�$�,	�)	�����
,�
	��
�� �

5��6���7�������

����.�� "�
���
��� � ���.� ?���
��3� 8�����.��������������� ����������������7����� �
����#�����.�� �����4��3�������������	�� � 9���
�����������.���� 4��3�������������	�� �
:�����������#��.� �������4��3�������������	�� � 7�������	�#��.���� 4��3�����������	�� �

��������������������:!�� ����.���� 
����
������������4����3������
����
����������:��� ��������8��#�� �

$��6�7�������

��	���	,,���E��&
��$
�,	
�����
����1
��E�
%������� 	�������$� -�� ����� �

�� $�,	
������ 0� �

� ��� 	����� 
,�
	��
��� 	�� ���	����� �	�4� 	���
� ������
,	��������
���������������,	��������	��	�$������,�
 �,��
	����������	�$�,	�)	����������

	���	
�	A��

��	��)��$��
���
��
���	
�����
���$E�
��	�)���4��������4���
����4��

������4����$���A �

"
�����
��	���F���1��G��
��E�"��
�	��
�E�
�
�� �

��	���

���

��	��
�	���	�$������/��,�����	
������� ����$E�
:

)����4�,	����������4����	������/��,����A�

9�����
��	��������������
���$E�
H��A��&�	��������������$
�������

)������ �

9�������

)�
��	�����$E�������	���

)�
	$E�
�
 �

&
���
�������	��������E�"�����	�$	
$�������	�	��	�� �E�
�
� ��	�$	
$������ 	�	��	���A������� ����� �	
���� ��� �� ,,��� �

��$�,	
������0A�.
��� 
��$��	��� �G���� ���
��
������	
���	�������
����
,�
	��$4�	���
����������$� �	����	����
��������
��������	$������
������������A �
�
��+�(�������$��	��
����	��$�,	
��������$
���I���
 ���
	��������	������	��A�

5��6�:�#���������7�������

9�������������	��
��	���,�	���E� 9�������
���������� 	���,�	���E�
�H�� � H�� �

9�����
����	����
���E� 9�����
�����
	��
�E�

-����	���G,
��
� � �
 �

������������#��7�������

"
�����
���	�������������E�
H�	
����
�����4���
����	������������4��G�
	�,	��
�� 
����� ��

9�����
��F
��

�	��
�E�
�
A��'���,�
�
��	���	����	�����
��,
��������

�	��� �

)�$
���	����	���	�A �

9���
	������

��

)��	
$������,

��$�$E�

H��A� 
	���������,

��$�$����	�����
,�
	�

������,� 
��$A �
 



  

xii 

 

Appendix D:  Assembly operations procedural data 
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Appendix E: Value Stream Map of M4 system 
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Appendix G: Proposed assembly department layout 
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Appendix H: Tool setup time analysis  
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Appendix I: New shelf design 
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Appendix J: Shelf part allocation and setup time 
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Appendix K: Off-shelf part allocation and setup time 

,-��(��������6��������������
���� =���� /����� ����� B�
� 
��� ������������� 
��� ������������
�� *?�>���63��� ��,,

��
������31�=3G�A��!9�� ?� �3� 53� �3� �33�
?� *��>��6�333� %� "9�9�(�%9�(��G���6��� �� ��3� ��3� �3� �3�
�� *��>�?�3333� %� "9�9�(�%9�(��G��?�39� �� ��3� ��3� �3� �3�
�� *��>���3333� %� "9�9�(�%9�(��G����39� �� ��3� ��3� �3� �3�
�� *��>�?53333� %� "9�9�(�%9�(��G��?539� �� ��3� ��3� �3� �3�
6� *��>"3=3333� ��
���,��!9�=BB��*���A=3�� �� �?3� �?3� ?�� ?��
=� K6�>3�3=3��3�?� '�����	��#���0	���=3G��3G�?� ?� �3� 63� ?3� �3�
5� *��>�3B�333� ��
���,�*9 �AB��� �� ��� ��� ?�� ?��
B� *�3>#3?��3��� :�	����	����� �� �3� �3� ?3� ?3�
�3� *?�>����3��� ��,,

��
�����?31��3G�A��!9�� �� �3� �3� ?3� ?3�
��� *�B>?�3?533�333� �,	��
�?�3G?53G�3� �� �3� �3� �3� �3�

� �  
�	��,	
������,������7���
�$�8+ � �� �3��� �� �53�

 

,���C������ �������
�� � =���� /����� ����� B�
� 
��� ������������ � 
��� ����������� �
�� �?=>3�6?��3�� (�	
��%��� "��7&�(8� �� �33� �33�
?� :?=>36=B�3��� (�	
��%:��00��7.�(8� �� �33� �33�
�� ��3>�:�?3��33? �  ���� �� ?�3� ?�3�
�� *6�>#?�3.33� #>��	��#?�3.� �� �63� �63�

� �  
�	��,	
������,������7���
�$�8+ � �� �?33� �� �?33�

 

�,&�����D���� �������

�� � =���� /����� ����� B�
 �

��� ������

�������

 ��� ������

������
�� ��B>�� �33*�33�  ��,�
	��
������

� �� �3� �3� �3� �3�

?� *?�>=B=33�3� !�����,
����!=31�3A�G��!9�6=B6� ?� �3� 53� ?3� �3�

�� ?�=>3�5�33�� !
�)���	)������
�3�5���=3��33�� �� �3� �3� ?3� ?3�

�� ?��>3�3B36��� %�����	������
�,�����%�1�P>!9"� �� ��� ��� ?�� ?��

�� *�3>#3�3�3��� :����
�,���� �� �3� �3� �3� �3�

6� *56>33B��33� �����!9��B�3��P� �� �3� �3� �3� �3�

=� *56>33B����� �����!9��B�3����1�P� �� �3� �3� �3� �3�

5� *56>3�?��33� -	�������,����!9��B�3�%�P� �� �3� �3� �3� �3�

B� *�3>33���3��� .��
��	��
����
�)� �� �3� �3� �3� �3�

�3� *�B>36�3=�3��33� �,	��
�6�K=�K��� �� �3� �3� �3� �3�

� �  
�	��,	
������,������7���
�$�8+ � �� ���� �� ?���



  

xxvi 

 

,1������ ���������������
�������� � �� � =���� /����� ����� B�
� 
��� ������������� 
��� ��������� �� � (� �����3�B�
� �

���%�
�� ?�6>==BB53=�� #�
�

,��,,����1�P*�:�?">-??K�A�� �� ��� ��� � 3� �3 � 6�
?� ��3>�?333LL� ��->��,,����%��?333�7-5G?�8� �� �3� �3� �� � � 6�
�� *?�>���3333� .��
��	�������,,���-�3G��!9��=�� �� ?�� ?�� �3� �3 � 6�

���,�
�� �?�>?36�3?�� &�G��
�)�����
���-6G?��!9��B�?� �� ?�� ?�� 5� 5 � 6�
�� �?�>?35�3?�� &�G��
�)�����
���-5G?��!9��B�?� �� ��� ��3� 5� �? � ?��

���-�
6� �?�>?35�3?3� &�G��
�)�����
���-5G?3�!9��B�?� ?� �3� 63� 5� �6 � �?�
=� �?�>?36�3�6� &�G��
�)�����
���-6G�6�!9��B�?� �� ?�� =�� 5� ?� � �5�

�����
5� �?�>335�3?3� &�G���	$��
���-5G?3�!9��B��� �� �3� �?3� 5� �? � ?��
B� *?�>�(36�3�6� #�
@A�0�@)�0
���-6G�6�!9��=BB�� 6� ?3� �?3� 5� � 5� �6�

���1�
�3� �?�>?�35333�  �
�����	���
�"5A��!9���?�� ?� ��� =3� �3� ?3 � �?�
��� *?�>63??333� '�����	��%�1?P�J�-?3G�A�� �� �3� �3� �� � � 6�
�?� *?�>63?5333� '�����	��%�1�P� �� �3� �3� 5� 5 � 6�

���&�
��� *?�>63��333� '�����	��%�P� �� ?�� =�� �� �� � �5�
��� *?�>6���?33� '�����	����G�=G?�!9�=63�"� �� �3� �3� 5� 5 � 6�

���0�
��� *=6>33��?33� '>
������G�5G?� ?� ��� =3� �� �3 � �?�
�6� *=6>3��3�33� '>
������3G��6G�� �� �3� �3� 5� 5 � 6�
�=� K=6>33��?6?� '���
������G?A6?�#��
�� �� �3� �3� �3� �3 � 6�

�����
�5� Q?�>?�6�3�3� �	,���
���-�6G�3�!9��B�?� =� ?�� �=�� 5� �6 � �?�
�B� (?�>?�?3333� -?3�,�	���	���
� 5� ?3� �63� 5� 6� � �5�

� � �  
�	��,	
������,������7���
�$�8+ � �� ���3� �� �5B� �

 


