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Preface 

The following task is made with the collaboration of the university of Halmstad, 
Box 823, 301 18 Halmstad, is a result from examination project on Bachelor of 
Science in Mechanical engineering. 

The duration of the task extended over 5 months, from January 2013 to May 2013 
and comprises 15 credits. The main task of engineers is to apply scientific and 
engineering knowledge to the solution of the technical problems and then to 
optimise the solutions with the requirements and constraints set by material, 
economic environment and human related consideration. The task used 
synonymously to mean design and development all the methods and knowledge 
that we used by us during the three-year education in the mechanical engineering 
program. 

I would also like to thank my adviser at Halmstad University, Pär-Johan Lööf for 
his advice and excellent feedback. I would like to thank professor B-G Rosen for 
his advice and valuable information. 

___________________ 

Zoelfikar Elghoul 
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Abstract 

The following report is conducted in collaboration with the University of 
Halmstad. As the development of today's vehicles demands environmental 
regulations require reduced emissions of CO2, performance, economy and safety, 
Lighter and efficient  vehicles in transmission, this intensive development coupled 
with re-optimization of the conflicting demands driveability, durability, 
efficiency and noise comfort.  During the past 10 year the design margins has 
been reduced. This means that the former research experience must be renewed 
for development continues. As a part of the research conducted at Halmstad 
University is an interest in being able to prepare these surfaces in different ways, 
in a lab environment. In this thesis, two processes in question, manganese 
phosphate and coating treatment. 

The purpose of this project is to construct a mini lab which will achieve the 
process of the surface treatment of machine element components in a laboratory 
environment. 

The purpose of this project is to design and control the process which will 
configure all the details and specification required to achieve stages 
of phosphate process as well the properties of every details in the chain of 
immersion and safety environment during the process stages, the task also 
including Risk analysis. 

The method that used was the same that was used by us during earlier courses in 
construction method written by Fredy Olsson, method principle /primary and 
manufacturing. The development of the design has been done using brain 
storming. The basic idea is a common idea where this since developed into a 
prototype.  

Keywords 

Manganese phosphate coating; hureaulite; lubrication, gears, dinitrol, activation, 
degreasing. 
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2. Introduction
This chapter presents the background, purpose, goal, delimitations, requirement 
list and Swot analysis o f  the thesis work and Gantt chart see appendix [1].  

2.1 Company presentation 

Halmstad University is part of liveable and most innovative city. Halmstad 
University's guiding principle is that the background, knowledge and experience 
of the employees and students all contribute to quality enhancement which 
influences and enriches the development of knowledge in the community, 
Halmstad University have approximately 11,000 students at the present, about 600 
employees and 40 professors. The University has three areas of strength that can 
be summarized by a creative developmental environment, products and quality of 
life. It offers support for students who want to start up their own business, and 
there are regular activities to inspire and provoke innovation [1]. 

2.2 History Of phosphate process 

The first reliable record of phosphate coatings applied to prevent rusting of iron 
and steel is a British patent of 1869 granted to Ross [2]. He used in his method, 
red hot iron articles were plunged into the phosphoric acid to prevent them from 
rusting, during the last 30 years work has been concentrated mainly on 
improvements in quality, these improvements among these are: 

 use of low zinc technology[3]

 use of special additives in the phosphating bath[4]

 use of low temperature phosphating baths to overcome the energy crisis
[5]

 use of more than one heavy metal ions in existing composition-particularly
tri-cation phosphating[6]

 New types of phosphate coatings such as tin, nickel and lead phosphate
coatings have been introduced[7]

 the development of compositions for simultaneous phosphating of multiple
metal substrates[8]
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Common Application 

• Firearms & Ordinance
• Aerospace: actuator components, fastening systems
• Gears & Bearings: break-in and lubricity
• Marine Equipment: break-in of engine components.
• Oil & Gas Industry.

2.2.1 Henrik Westberg 

 Henrik Westberg described in his introduction of his thesis deals with gear 
finishing and gear phosphating on the processes and the produced gear surfaces, 
he mentioned the demands of today development vehicles such as performance, 
environment economy, comfort, safety etc., these demands contribute a lighter 
and more efficient vehicles by making smaller and better machine elements and 
gears and how gears in gearbox should function and last, the gear and pinion must 
quietly transmit torque under low friction for a long duration of time and that 
involve to keep the abrasive wear to kept low . He talked about how changing a 
few micro meters will change in the Marco geometry lead to instant increase in 
the gear noise. He also mentioned how to obtain precision of the tooth shape how 
to undergo a sequence of manufacturing. He mentioned in his approach about the 
difficulties of the surfaces on the gear performance its derivation which made 
directly from the process setting in the manufacturing, and relates it to the surface 
engineering. Overall picture for surface engineering presented by stout and Davis 
[9], figure [2.1] Optimized gear function directly from process settings is the ideal 
loop between manufacturing and performance. 
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Figure [2.1].The surface control loop is an overall picture of surface 
engineering. Ideally, all surface performance is fully understood directly 
out of manufacturing. In most cases, however, characterization is 
necessary to build the direct link between performance and manufacturing. 
[10] 

2.3 Purpose and Goal 

The thesis aims to design and build a mini lab in the university, it can be used for 
evaluation of process parameters, by surface treatment of machine element 
components in lab environment, and the properties of the treated components, the 
report shall include risk analysis during the operation in the lab. 

The main goal of the thesis is to design and build the mini lab and control the 
comprised process in every step in the chain immersions to maintain a high 
quality coating, the process need a constant supervision and safety lab 
environment to achieve different types of coatings and desirable properties such 
as improved corrosion resistance, wear resistance, the desirable phosphate 
conversion coating still plays a vital part in the automobile, process and appliance 
industries. 

This report shows efforts to acquire and build a lab cell and a process control, the 
lab will be used for evaluation of process parameters of machine element gears, 
the lab will be used in the university of Halmstad at the section SET, the Lab will 
provide the staff with  the opportunity to test and evaluate results in the machine 
element gears and it will offer  the health and safety requirements of the area in 
which the phosphating activity is to take place, and the responsibility these 
requirements place.  
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2.4 Problem Description 

The task description contains not only the statement of its function and 
performance  as well as the deadlines and cost targets, [Bonollo and Lewis1996] 
have described  task clarification as follows "set of tasks including negotiating a 
brief with the client and/or managers; setting objectives; planning and scheduling 
tasks; information search; quoting time and cost estimates".  The task of this 
thesis is to create a mini-lab in the university to be included for the staff   to make 
their researches more practical. The project will start with a feasibility study that 
you need to carry out material finishing operations by phosphating methods, in 
accordance with approved procedures. Requirements, qualifications and 
requirements shall be established for the selection and purchase of components. It 
includes Feasibility study for different layouts to operate and monitor the process 
design in a mini lab environment. You will understand the safety precautions 
required when working with phosphating equipment and solutions. You will be 
required to demonstrate safe working practices throughout. You will also 
understand your responsibilities for safety, and the importance of taking the 
necessary safeguards to protect yourself and others in the workplace. 

• Risk Analysis.
• Evaluation of the developed solutions together with the steering group.
• Design and procurement of components
• Evaluation.

2.5 Delimitation 

The limitation is done that I will only deal with the design of the process 
equipment. The task will involve process and the safety regulation that involves 
the lab work. 
CE marking will not be implemented during the project, the responsibility will to 
be at the Halmstad University in case of a need. 

2.6 Requirements list 

The first requirement list undertaken is to set up with my advisor Pär-Johan Lööf. 
What we have interpreted on the basis of the talks is how the system should be 
designed and what components and processes that is of importance. In the 
meeting we had compiling the requirement list as follows: 
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• Checking the task document for technical requirements and define and
document them.

• Referring to the items of the checklist see appendix [2] and determine the
quantitative and qualitative data.

• Create scenarios that consider all stages and derive further requirements.
• Refine by asking what objectives must the solution satisfy? What

properties must I have and must it not have?
• Specify demands and wishes clearly.
• Rank wishes as being of major, medium or minor importance.

This will form the basis for subsequent verification. The requirements are listed in 
order of priority in which a key requirement, the necessary and desirable 
requirements are ranked. 

2.7 SWOT Analysis 

In order to asses and evaluate development strategies of the project to remain the 
evaluation on an on-going basis during design development, its essential to 
compare our developing work against the design specification and to make record 
judgments, to obtain a strategic view on the project and an understanding of its 
strength that stands for, weakness, strengths, weaknesses, opportunities, and 
threats, the SWOT analysis is essential to understanding the many different risk 
form the chemical process, heating, the chemical reaction and admixtures ,risk of 
burns ,ventilation splash leakage and the environment in which it operates. 

It does not actually help in making the decision, major points to consider when for 
decision making. See appendix [3] 

3. Theoretical framework of reference
In this s chapter I will present the theories and practices that are the basis for the 
project. 

3.1 Design methods 

The design methodologists and senior designers from industry who collaborated 
to produce these VDI guidelines 222[1.192, 1.193] often represented different 
schools of thought or had developed their own design methods. [Engineering 
design page 18].  The students of mechanical engineering at Halmstad University, 
they use Fredy Olsson method during their studies structural Engineering courses 
[1-3], Principle and Primary construction [1995]. The characteristics of this 
methodology should help the designer to properly construct and document the 
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objective production process, and minimize working producers, and ensures the 
quality specifications. In this task the report follows the methodology Fredy 
Olsson for product development, Principle Construction, 1995. In both methods 
based on evaluations and weighting matrices. He discusses methods Criteria 
classifying and weighting materials, which will be carried out in "Development of 
product systems". Here we will take the appropriate option to purchase and then 
set out requirements and preferences, compare products, we were then sifts out the 
best option. 

In this stage, it is assumed that the selected products, usually prepared in a 
principle structure, can be determined so that the product's components can be 
determined. 

3.2 principle design 

Principle Construction is the work, according to Olsson [1995], takes place in the 
early and initial stage of a construction project. It is the part of the design 
process. Starting with an appropriate solution or product type to seek to obtain a 
principal product or solution brief principle solution. The starting point for the 
conceptual [principle] design is either a necessary solution can be solved material 
or of a declared major task for a product. The goal is then, by means of several 
alternative solutions for the task to arrive at the most competitive, requested and 
appropriate solution. The solution should then be presented in the form of a 
drafting and / or Product model. Time management in the form of a Gantt chart 
and draw up a mission statement which shall include the objective of principle 
design work [Olsson, 1995]. 

It is the part of the design process where –by identifying the essential problems 
through abstraction and establishing Function structures, and minimize working 
producers, and ensures the quality specifications. Brainstorming can be described 
as method of generating a flood of new ideas required managing the process of 
immersion of the gears and the safety regulation, with that information, a 
preliminary component composition set up as project manager will use in the 
generation of concept proposals, contained. During brainstorming, I put up 
various criteria for the product. This has contributed to the specifications 
[Engineering design, a systematic Approach, Third Edition]. An evaluation of the 
concept suggestion is reviewed by my mentor Pär -Johan Lööf   to find potential 
solution elements and classified and graded in order for feasibility and then 
developed further, solutions will be made using the weighting of criteria for 
finding the most optimal solutions and relies strongly on simulation of the 
memory and on the association of ideas in order to achieve the list of requirements 
of demand and wishes.
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3.3 Product definition 

According to Freddy Olsson Principle Construction, 1995, Product definition, 
Criteria classifying and evaluating necessary information regarding product's 
function in different environment, the economic conditions and dependencies for 
the product. Following points to be clarified: 

• Product the product demonstrates its use, need or area of use context,
product name and product scope, in which units of the product and the
connections that exist between them.

• Process The process takes up the main product tasks subtasks of their
connection with the fundamental and essential needs.

• Environment, Environment, the places and environments that product
should be used in.

• Human interaction- humans can be involved or affected by technical
processes, either actively or passively i.e. - Who are the persons who are
users and human involvement with the product.

• Economy - economic conditions and dependencies for the product.

3.4 Identifying the Essential problems from the requirements list 

The clarifications of the task will the help of a requirements list will have helped 
to focus attention on the problems involved and will increase the particular level 
of information, analyse the requirements list with required function and essential 
constraints in order to confirm the refine the crux of the task, by setting a 
functional relationship contained in the requirements list should be formulated 
explicitly and arranged in order of their importance.  The analysis of the 
requirements will be coupled to the following step by step abstractions, by 
eliminating personal preferences and by omitting the requirements that have no 
direct bearing on the function of the essential constraint, transform quantitative 
into qualitative data, and generalize the result of the previous step, all 
requirements and preferences on the product must be measured. Requirements 
may change during the process where new information s added from employers, 
or from a strength and design calculations. 
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3.4.1 Abstracting to identify the Essential problems 

There are a lot of aspects you have to consider in the project to find a 
good solution [Engineering Design]. With brainstorming and sketches I 
have worked out some suggestions that might solve the problem. I have 
also investigated existing solutions applied on other products with a linear 
movement. There is a lot of properties that we have to take in consider, as 
well as the prejudices and conventions which, coupled to the wish to 
minimize risks, stand in the way of better and more economic but 
unconventional solutions, certain solutions emerged during the discussion 
of requirements with the client [my mentor Pär –Johan-Lööf] of the most 
important are: flexibility, because the product always is customized you 
need a driving, concrete ideas already exist on fixed ideas and fictitious 
constraints.  

In order to solve the problems of fixation and sticking with conventional 
what is general and essential, by discussing the list of requirements, the 
costs and  safety leads straight to the crux of the task, specifically  I can 
describe the crux as follows: 

 Significantly lower costs
 Improve the technical functions of  high safety environment
 Significantly control  the process of phosphating
 Find a solution of the suspension

All these questions have to be satisfied by the overall solution, by identifying the 
crux of the task with the functional connections and the task-specific constraints 
that’s throw up the essential once the crux of the task has been clarified it will be 
easier to formulate for which solutions have to be found. 

3.5 Development of product concept 

Ideas reproduced usually simple and incomplete principled solutions that are 
revised and further developed in stages during developing a product. The most 
interesting suggestions and evaluation work proceeds through further 
investigation. The principal product solution concept will show overall design as 
well as manufacturing and construction method of the suggestion [Olsson, 1995]. 
Mode of action involves whether the intended product operates or operated, how 
it seems to fulfil its function. Design construction method based on the number 
input product parts and how these are placed and cooperate to achieve the 
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desired function. Total design includes sizing, blending, design and colour 
scheme of the product, in the principal stage of construction work determined 
the basic features of the design, i.e. Measurement and proportions are 
approximately in proportion to the final product [Olsson, 1995]. 

3.6 Evaluation of product concepts 

For evaluating during the principle solution Olsson says that the evaluation can be 
made on the basis of reason and experience, calculations or experiments, 
identifying and weighting the evaluation criteria, assessing values ,compiling 
parameter, determine overall value and comparing concept variants and estimating 
evaluation uncertainties . By comparing product proposals with requirements for 
the next step even compare with the stated wishes. According Olsson [1995], the 
evaluations done in three stages.  

• Primary evaluation to generate a large number of suggestions, which will
be eliminated, sifting is done where only the most important criteria
observed. The justification for discarding alternate further takes place by
means of sense [Olsson1995].

• Intermediate evaluation intends to further develop the proposals went
further from the primary evaluation. This evaluation more closely with
respect to the established criteria, the evaluation done in several steps for
to ensure that the right proposals go through, [Olsson, 1995].

• Final evaluation intends after further development, the selection of the
most suitable [can be two solutions] principle solution. Solution will 
undergo calculations and shall provide comments on the current fulfilment 
of criteria [Olsson, 1995]. 

3.7 Literature Review 

The purpose of the literature review was to gather information to provide a deeper 
understanding of the subject. For solid Mechanics, the used book Shigley’s 
Mechanical Engineering design” Richard G. Budnays, J. keith Nisbett”, 
and”Teknisk hållfasthetslära”Tore Dahlberg [2008]. In support of these analysis 
are made in Catia module Generative Structural Analysis for validate the 
calculations. Catia V5 will also be used to construct the final solution and using 
module Generative Drafting and for the drawings used book Karl Taavola [2009], 
Ritteknik Maskinteknik faktabok, Engineering Design a systematic approach. 

12 



4. Primary design (Embodiment Design)

Embodiment design is the part of the design process in which, starting from the 
principle solution or concept of technical product, the design is developed in 
accordance with technical and economic criteria and in the light of further 
information, to the point where subsequent detail design can lead directly to 
production. The individual components will therefore be designed, materials for 
these determined and also classified by If they are standard components or unique 
ones [Olsson, 1995] 

4.1 Product Roughcast 

In Product roughcast should the proposal considered to meet the criteria presented 
in such that the following points clear [Olsson, 1995]: 

• What are the essential units / parts used in the product?
• How the units / elements are arranged mutually.
• Approximate main dimensions.
• Product installation / individual and environmental safety.

4.2 Components selection 

The aim of this part is to determine component selection as dimensions, size and 
brand for all finished units. Olsson [1995] defines a structural component” general 
purpose product part with known modes of action or properties”, Using tested 
components reduces the time and cost of the project and increases the field of the 
finished product. 

Olsson mentioned that the choice of structural components can be done in three 
ways: 

1. Plagiarized selection - a component selected previously used with success
in a similar product, and thus required only necessary dimensioning
and choice of brands.

2. Limited or optimal choice - a predetermined component or component
group is examined to ensure that it meets the criteria for the product.
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3. Versatile, functional use or re-election of a careful and comprehensive
examination to include the components that fit the product part criteria and
function.

4.3 Material selection 

According to Olsson, material selection processes that are needed to find a 
material whose characteristics are as close as possible consistent with the stated 
criteria for the product. Furthermore, he believes that this approach is similar to 
that at component selection. 

4.4 Detail design 

This is the phase of the design process in which the arrangement, forms, 
dimension and surface properties of all of the individual parts are finally laid 
down, material selection specified ,cost estimated, solution assessment, layout 
flow, personal safety,  FEM analysis ,Cad drawing, the design will be achieved 
with accurate dimension with higher information level of engineering  and 
calculation, the detail design phase results in the specification of information in 
the form of production documentation. Olsson [1995] describes the detailed 
design in three steps: 

1) Determination, breakdown, analysis and criteria classifying, task chart, and
other requirements and preferences when it comes loads, environmental 
pressures and safety confirmation. 

2) Searching for Solution, various sketches, realistic variants existing
construction, material and design detail. 

3) Solution Assessment and Solution development - the options assessed
briefly against set criteria and a solution is chosen and prepared. Final detailed 
design must be checked to ensure that no unnecessary or incorrect design 
exists. 

4.5 Product Overview [layout] 

The overall product overview or product assembly, determines the vision of a 
product info assemblies and components, Identifies the source of components that 
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is whether they are in-house, bought-out, standard or repeat parts [G.Pahl and 
W.Beitz], a part-complete summary and checked that the criteria and requirements 
are met for the finally determined the primary product, principle and primary 
methods are confined to mainly manufacture of a new product. Since we do not 
manufacture any new product we choose to angle these methods slightly to see the 
whole concept and all the components that a uniform product. However, all the 
components go through requirements and wishes. Finally, we supplement the 
methods by producing the primary product identified in the primary structure.  

5. Method
This capital is linked to the theories and methods that have been previously 
presented to design work. 

5.1 Product definition 

According to Freddy Olsson Principle Construction, 1995, the following point is 
to be clarified: 

5.1.1 The product 

The product that will be constructed as a mini lab which deals with manganese  
phosphating on the processes and the produced gear surfaces, and demands of 
today development vehicles by making smaller and better machine elements and 
gears and how gears in gearbox should function and last, that involve keeping the 
abrasive wear to keep low. The Lab will provide the staff with the opportunity to 
test and evaluate results in the machine element gears. 

The product consists of: 

• The table which contains a standard 5 tank dip Manganese Phosphating
process, the whole process is rather extensive including different baths for
cleaning, degreasing, rinsing, phosphating, Ni-accelerating bath and
dinitrol corrosion.

• Tank construction, the 5 tanks will construct for much longer life from
stainless-steel.

• An air agitation system installed on the phosphate solution reservoir can
be used to provide sufficient solution movement to keep the sludge in
suspension.

• Heating elements with temperature controller.
• Effective ventilation
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Process details 
Manganese phosphate layers is applied by immersion method of the gears, The 
coating seizure resistance is analysed mainly by considering different 
temperatures, concentration and dipping time values for the main steps of the 
whole phosphating process, the process including different baths for cleaning, 
degreasing, rinsing, activation and phosphating, see figure [5, 1], the manganese 
phosphate plating has the highest hardness and superior corrosion and wear 
resistances of general phosphate coatings. 

 Fig5.1 chain immersions process baths. The actual manganese phosphating is either 
done through Nickel-acceleration or magnesium-acceleration [On finishing and 
phosphating of gear surface (Henrik Westberg)].  

It is extensively employed to improve the sliding properties of engine, gear, and 
power transmission system. Metallurgical variables, which affect the seizure 
resistance of manganese phosphate coatings [Tribology International Volume 30, 
Issue 8, July 1997, Pages 561–570], are also studied by considering the influence 
of carbon content of a set of plain carbon steels. Before the gears enter the 
activation, they are cleaned thoroughly, first in a high pressure washing device 
and then in a degreasing bath. Sometimes ultra sound apparatus is used to get 
better cleaning effect. The cleanness of the details is a prerequisite for a high 
quality coating I. e. even distribution of crystals of equal size, The degreasing and 
cleaning are usually done with strongly alkaline cleaners at concentrations of 1-
5% and temperatures 65-95°C. Treatment times range from 5-15 minutes 
[Westberg]. We can describe the process as following: 
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Ultra-sonic cleaning: before the gears enter the activation, they are cleaned 
thoroughly; ultra sound apparatus is used to get better cleaning effect. 

1. Degreasing: it is an important stage in pre-treatment before activation if there
are mineral greases on metal surfaces which preventing oxidation, 10 minutes 
immersion will cut the direct diffusion of the minerals that will prevent phosphate 
to be applied. The concentration and the temperature are important parameters in 
this process. It is preferred to use soft water in degreasing baths. 

2. Activation: it is an important stage before preceding the phosphating bath, the
purpose of activation is to increase the number of nucleation points. The number 
of crystals will become greater and the layer will thus become thinner and denser. 

3. Principle of Manganese phosphating:  manganese phosphate coatings are
applied when wear resistance and anti-galling properties are required, possesses 
the ability to retain oil, which further improves anti-friction properties and imparts 
corrosion resistance to the coated parts. The manganese phosphating solution 
consists of orthophosphoric acid H3PO4, manganese phosphate salts Mn 
(H2PO4)2, oxidants and catalysts, and leads to a coating mainly made of 
hureaulite (Mn, Fe) 5H2 (PO4)2[10], 4H2O. A typical micrograph of a coating 
achieved with the process parameters. Temperature, application time, 
concentration, frees and total acid points are the parameters to be cared. After the 
activation bath immersion the gear will be enter to manganese phosphate bath, the 
chemical reaction which takes place allows the formation of a layer of insoluble, 
crystalline phosphates to form on the surface of the component. 

Phase 1: Dissolution of the metal 
Phase 2: Deposition of insoluble phosphates 
In phase 1 the steel is attacked by phosphoric acid and iron phosphates are 
formed, the PH will rise as the concentration of H+ decreases and the formation of 
hureaulite falls of the electrochemical dissolution and the precipitation of the 
phosphate crystals, the phase 1 reaction [1]: 

𝐹𝑒 + 2𝐻3𝑃𝑂4 → 𝐹𝑒2 + 2𝐻2𝑃𝑂− − 𝐻2      [Reaction 1][Westberg] 

4. Ni-cc phosphating phase: during the phase 2 the PH increase near the metal
surface leads to the precipitation of the less soluble phosphate species [11]. 
Accelerators such as nitrate or Nickel ions are added in the solution to control the 
chemistry and speed up the reactions. Steel substrate crystallization divided into 
two phases [Westberg]: 

Step I:      H3P04 + H2P04- + H+ [at pH=2, 12] 
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Step II:     H2P04- + RPO/ + H+ [at pH=7, 21] 

Step III:    HPOi+ PO/ + H+ [at pH=l2, 3] 

The phosphate in the coating dissolves and precipitates very rapidly according to 
the pH change at the metal–solution interface; this results into a crystalline 
reorganization accompanied by a rapid and significant decrease in porosity, The 
optimization of the phosphating bath has been achieved by studying the effects of 
the bath temperature, the concentration in phosphating solution, the concentration 
in accelerator and the dipping time. As in most chemical reactions, the 
phosphating kinetic mainly depends on the temperature [10], low temperatures 
lead to a poor etching reaction entailing a difficult crystallization and a poor 
bonding. So the coating weight and the seizure resistance are low. The variations 
of the crystal surface density shown in appendix [4] 

5. Corrosion protection: used at the last stage of phosphating process, lubrication
stage or sealing stage, the final rinse of the surface treatment process used for 
sealing the phosphate coating and eliminating effects of hard water salt, the gears 
will enter a hot 70°C dinitrol which enhances the overall corrosion resistance 
property of the treated surface.  

Environment 

The min-lab will be in the workshop at Halmstad University, it will have enough 
space to move freely in which safety methodology should therefore give equal 
weight to each of the areas. Further consideration and safety precautions required 
when working with phosphating equipment and solutions. You will be required to 
demonstrate safe working and also understand your responsibilities for safety, and 
the importance of taking the necessary safeguards to protect yourself and others in 
the workplace. 

Human Interaction 

The process of phosphating is intended to be used by for researches and studies of 
the surface treatment of machine element components at the University of 
Halmstad, The specific health and safety precautions to be followed during the 
phosphating process, and the potential effects on you and others, the users shall 
understands the hazards associated with carrying out phosphating activities and 
how they can be minimized. 
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Economy 

The subject of the design evaluation had been discussed with my mentor Pär-
Johan Lööf, the technical design must evaluate in term of economic properties and 
concrete objectives and properties. The development cost for the project is based 
on the time and the amount of capital, the search for weak spots, errors and 
disturbing influences along is essential in particular when evaluating the final 
layout. The cost of materials, modules, and design of workspace must be around 
100000 SEK. 

5.2 Criteria Classifying 

The evaluation criteria classifying, weighting and determination matrix, taken 
from Fredy Olsson’s [Fredy Olsson Principle Construction 1995], it’s much more 
advantageous in the selection of the evaluation of the criteria to strive an 
approximate balance, ignoring low-weighted characteristics for the time being as 
a result evaluation will be concentrated on the main characteristics and hence 
provide clear picture at a glance. To establish we must first assess their relative 
contribution [weighting] by giving [weighting factors] against each other where 
one is the highest priority 

Criteria classifying with the requirement list prepared. The selection procedure 
involves two steps, elimination and generation which also take into account the 
product life cycle, and to ensure that all aspects relating product must be taken 
into account, see Appendix [5]. To establish we must first assess their relative 
contribution [weighting] by giving [weighting factors] against each other where 
one is the highest priority. 

5.3 Developing of product concept 

The selection of the product principles concept  elaborated form various sub 
functions and these e principles combined into working structures, the working 
principle must reflect the physical effect needed for the fulfilments of the 
specification, functional and requirements, searching for a working principles  
which including the physical process along with  the necessary geometric and 
material characteristics and form of functions and combine these principles into, 
First phase of the product proposed the development of working principle solution 
which have been generated been generated based on the empirical experience 
market research of similar products and brainstorming and CAD models to lead to 
several solution variants and that is solution field, function and design 
construction. 
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5.3.1 Principle design concept “1” 

A standard 5 tank dip manganese phosphating process is used, where corrosion 
resistance material are required for the table and the tank. However, where hot 
rolled sheet metal or heavily rusty surfaces are to be dealt with, the use of mineral 
acids like hydrochloric acid or sulphuric acid will have to be used. The design 
metal frame laboratory table with standard limited plates on a table Comprises 
length 2000x700 mm and height of 900mm. table consists of a wood top, four 
legs of steel and four wheels. The table consists of 5 square or square holes to 
assemble the 5 tanks; the table also contains a table island for the cleaning jar 
which is necessary to dump out and clean the tanks for the study [the phosphating 
bath]. As Manganese phosphate is really mild chemical, SS316 and SS304 are 
both safe to be tan material of such chemicals, or Polyethylene [PE] Chemical 
Resistant Solid Surface Top – PE characterized by Greater toughness. See figure 
[5, 2].  

• Heating: All heated tanks may be heated directly by electrical immersion
heaters type das- series phosphate stainless steel metal temperature over
the sides of the heater, no use in any aluminium reactive alkaline solution

• Suspension: where moving the gears can be done by Dc electric hoists. 
Winches are common in traverse systems. An engine wires up the object, 
in our case the immersion of the gear in the bath.

• Agitation: Tank 1, 2 and 5 no agitation is needed but tank 3and 4 needs for
agitation [air agitation] or magnetic stirring.

• Ventilation: is needed for the safety of the staff.

The pro sequences with this system are the flexibility of the winch, because of its 
adjustability of the length of rope and the suspension of the gear. 
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Fig.5.2 Principle design concept 1 

5.3.2 Principle design concept “2” 

This principle consists of two tables each table contain 3 tanks, every tanks 
contains heating element and temperature controller and at bottom has drainage 
valve for cleaning purposes. The immersion movement up and down can be 
derived manually, the horizontal translation can be done manually, ventilation is 
needed for the safety of the staff. 

Pro sequences of this principle need more space requested, more safety requested 
and more ventilation for both tables which will effect on the costs and the 
ambient, see figure [5.3] 
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Fig.5.3 Principle design concept 2 

5.3.3 Principle design concept “3 “ 

As in the previous design concept 1, using a table which contains 5 tank process 
of immersion, in this design concept, the horizontal translation will be derived by 
manually with a carriage and the vertical movement will be fixed by the 
horizontal carriage while the pull and push translation will require quite smooth 
vertical linear operation, linear actuators use a lead screw driven by a PMDC 
motor to create linear motion from a DC voltage. The horizontal profile will be 
fixed at the table. Ventilation needed for the safety of the staff. See figure (5.4). 

              Fig.5.4 Principle design “3” 
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The consequences of this concept it is not expensive and fulfills the demand and 
wishes requirements, it is easy to assemble and disassemble. 

5.3.4 Principle design concept “4” 

The linear translation up and down can be done by using the previously presented 
principles for linear control. In this design concept the linear translation and the 
immersion will be automatically controlled by PLC.  See figure (5.5). 
The consequences of this design concept are to minimize the risk during the 
immersion of the gear in the  tank. 
Pro sequences: high costs of the automatic system for the linear and the vertical 
profile, this will costs around 55000 SEK for the translation of the gears in the X-
Y direction. 

Fig.5.5 Principle design concept “4” 

5.3.5 Principle design concept “5” 

The principle consists of 5 tank process and a closed cell table for more safety, the 
gears will be transferred by a robot as we know usually, robots are used for 
dangerous, dirty or dull jobs. Heating ventilation and agitation and cleaning will 
be done by using the previously presented principles. See figure (5.6) 
Consequences of this design concept it will minimize any risk that will affect 
upon the users. 

A pro sequence of this solution variant concept is the high costs, and risk of 
sudden break of the glass.  
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Fig.5.6 principle design concept “5” 

5.3.6 Principle design concept “6” 

This principle solution consists of 5 Cylinders made of glass with base, it has been 
designed to withstands very high temperatures and thermal shock [VYCOR, 
code7740], placed at heating magnetic stirrers, the heating plate made of ceramic 
heating plate [REC], the heating plate highly automated and connected to digital 
thermo regulator type VTX, the thermo regulator temperature measuring -10° to 
+300°C and Precision ± 0,5°C, Unique timer function, Automatic shutdown of the 
thermoregulation and Velp system. See fig (5.7) Pro Sequences of this solution 
variant concept is the high costs, safety in case of sudden break-in of the glass 
cylinders which might cause catastrophic mess. 

Fig.5.7 principle design concept “6” 
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5.4 Evaluating product principles 

Using a primary assessment principle solutions, performed according 
Fredy Olsson 1995 Principle construction, To allow confident decision to 
be made about the most suitable concept, the matrix chart shows the 
solution variant concept 3, solutions emerged during the evaluations of 
product principles [my mentor Pär-Johan Lööf], we had discussed the 
costs and the safety precautions that the product concept must fulfil the 
requirement of the project. We had also discussed the possibility to 
choose principle concept 4 for the future extension.  

Primary assessment was followed by the final assessment, even the 
accomplished according Fredy Olsson 1995 Principle design, where the 
matrix shows that the concept3 has highest score. This meant that 
principal solution 4 has eliminated and further work continues with only 
concept”3”. See appendix [6] 

5.5 Product Roughcast 

Due to the specific purpose of use of the product, the product designed for  
minimum costs and sufficient  safety , choosing product construction consists of a 
number of parts assembled into some products, for easier to get an overview 
identify these parts and its function below. All the parts and components should 
be purchased from existing suppliers. See figure [5.8].

Fig.5.8 Product roughcast 
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The work table 

The table should be made from corrosion material and not alkali material I mean 
aluminium, as Manganese phosphate is really mild chemical. From the empirical 
experience founded that stainless steel is the best material to be used or 
Polyethylene [PE] Chemical Resistant Solid Surface Top – PE characterized by 
Greater toughness, a discussion with the supplier for more information about the 
work table and the supplier mentioned that they can provide a work table with 5 
holes that fits the tanks including an extra horizontal square profile to hold the 
agitation pipe. The work table overview as follows:

The tank 

Tank construction, all the 5 processing tank  will be made of stainless steel , 
relates to the empirical experience of the manganese phosphate lines, it has 
mentioned a stainless steel tank will not react to the solution as much as a carbon-
steel tank. However once a layer of phosphate has built up on the surface, it 
becomes non-reactive. At the bottom of the tank it will connected with a sealed 
drainage valve which is connected to rinse cleaning tank [jar] to clean out the 
tanks for the sludge. 

The heating coil and the temperature controller 

The heating coils and temperature controller after further and deep information 
and discussion with [Pär-Johan Lööf] and from the existing empirical 
experience, a contact with Bruce Macgregor which works for International 
Heating Products [IHP], providing Mr Macgregor  with detailed  demands for 
the processing requirements, the suggestion of the element and the heat 
controller as follows:  
M shaped over the side heater wit ø10mm Incoloy 825 element with soldered 
M14x15mm Brass Nipples. An IP44 Connection Box with 0/120°c and Adjustable 
Thermostat 230v 850w, these of course relates to IHP. 

Agitation 

Only tank number 3 and 4 where the gears will enter the manganese phosphate 
bath and the phosphate acceleration tanks need agitation, after further discussion 
with my mentor Pär-Johan Lööf, to avoid high cost we had choose the air 
agitation using air blowers which will be assembled in the tanks number 3 and 
4, the agitation consists of the header pipe which will starts the air feed meter 
and stopping at the bottom of the tank and sparger pipe which will contains the 
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sparger holes inside the tank. The pipe should be made from stainless steel with 
minimum 1mm thickness. 

The horizontal and vertical translation 

For the horizontal translation the chosen profile from “igus” , Double rail and 
housing bearing, type Lin W Guide rails- dimension 2000mm long it will be 
mounted with two aluminium profiles to the table,  the double rail profile WW-
16-60-15 HKA – Dry Lin® W16 - complete carriage. For the vertical translation 
we will use a standard linear actuator with 300mm stroke length, the actuator will 
be mounted by the Complete carriage from the upper side  , and in the bottom side 
it will mounted to the suspension hook of the gear. The linear actuator will be 
connected to remote controller to control the pull- push process of the immersion 
of the gear in the bath. 

Ventilation Cupboard 

A ventilation cabinet fume needed during the process, the cabinet will be made of 
stainless steel metal and will be connected to the existing duct exhaust. 

5.6 Detail design 

The most important aspects of the detail design are the elaboration of the 
documents included detailed component drawing assembly drawing and 
appropriate parts list, internal components are undertaken used  and in CatiaV5. 
The details are adjusted to requirements, calculations and analyses presented in 
the accompanying appendixes. 
Some of the Section 3.1.6 Detail design [Olsson 1995] had not been taken under 
consideration because every detail has been designed on the basis of further 
discussion with my mentor Pär- lööf, and decisions taken from the set 
requirements and the specific case of the process. Furthermore, it has not been 
taken into account design aspects as functionality has been the primary objective. 
I had done FEM analysis for the tank in Catia V5. No calculation will be 
performing for the ventilation cabinet, Manganese phosphating formulations 
contains basically a manganese salt, phosphoric acid and an accelerator, the 
concentration of the chemical strength and  measuring the TA & FA values of the 
above mentioned bath to be performed by specialized chemist, quality of water 
used in metal pre-treatment is very important.  To be sure it will not affect the 
performance of the subsequent process; the salts in the water should be performed 
by specialist. The table below shows the unique details and the attachments 
drawing number ease of acquisition and the availability of standard parts. See 
table [5.6]. 
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Table 5.6 

5.7 Material selection 

Material selection will be purchased from different suppliers due to the various 
sub functions of the product, the main material that will be used is the stainless 
steel due to the ambient environmental parameter of the previously been shown to 
work well in the work table that contain heating elements and gas exposure of 
manganese phosphate, the work table build of high grade stainless steel [low 
working pH~2.5-3.3 of solution].  Manganese phosphate is really mild chemical, 
SS316 and SS304 are both safe to be tank material of such chemicals. SS316 is 
higher grade with molybdenum and contains chrome and nickel. Each material 
having it is own characteristics , where it will be used and how to apply , the 
advantages and the limitation, we have to consider the mechanical properties 
during the selection ,toughness, ductility ,elasticity ,creep, fatigue and hardness. 
An important thing to consider is the strength to weight ratio and stiffness to 
weight, the manganese is a brittle and hard metal, for these mechanical 
characteristics it will increases the harden-ability of steel   during the immersion 
of the gears a gray coating layer will convert on the surface of gears. One of the 
most important aspects that must consider is the physical properties of the 
selecting materials such as thermal expansion, specific heat, melting point, density 
and conductivity. Chemical properties to be considered as it play a major 
significant role with respect to the ambient environment and hostile environment, 
oxidation and toxicity. Flammability must be one of the most factors to be 
considered during the selection of material. 

Appendix 
number 

Details 

Appendix7 Work table 

Appendix 8 Heating coil with temperature controller 

Appendix 9 Tank details  with agitation  

Appendix 10 Actuator with Accessories 

Appendix 11 Horizontal translation with Accessories 

Appendix 12 Ventilation cupboard   

28 



In the special case of this design, the consideration of chemical properties such 
oxidation and corrosion resistant, toxicity and flammability must be considered 
carefully due to the presence of the product  in the warehouse at the university of 
Halmstad, after reading many references about the process, and due to design for 
minimum costs demand using stainless steel for the 5 tanks would be a good 
solution for the process and avoid using aluminium in the heating bath are not 
totally recommended in tank 3 and 4 because aluminium is an alkaline metal. 

For the parts that not will enter the bath aluminium and stainless steel had been 
chosen The translation of the gears will be performed by manual translation and 
the vertical translation will be performed by pull-push actuator .The linear 
translation consists of rail and the Carriage and the stand footing will be made of 
aluminium, it’s a light material and easy to assembly.  Aluminium is a light 
weight metal with very good mechanical properties. See appendix [13] 

5.8 Presentation of selected product suggestions to purchase 

Principle design concept solution”3” during the discussions with my mentor Pär-
Johan Lööf the concept been choosing to developed. These products are included 
suggested for concept “3” to purchase. For more information see appendix [14] 

- Work table 2,0 m with floor base and up stand[1] 
- Stainless steel tanks[5] 
- Agitation pipes[1, 4m long ] 
- Valves[5]  
- T- fitting [3] 
- Seal washers[9] 
- Cleaning jars[5] 
- Aluminium profiles[2*650mm] 
- Linear translation rail profile with Carriage[1] 
- Firgellia 12" Stroke High Speed Linear Actuator with mounting brackets 

and controller [1 plus 2 mounting brackets]. 
- Ventilation cupboard [stainless steel sheet metal], Aluminium frame 

Window with Plexiglas. 
- Process stainless steel pipe [1, 4m long] 
- Heating coil with temperature controller [5 heating and 5 temperature 

controllers]. 
- Miscellaneous[ screws and nuts and T-slots for assembly and bushing for 

tanks] 
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5.9 Cost estimates 

Due to the specific functional single use of this product, no calculation such as 
relative material cost [VDI guideline, Engineering design book] or estimating 
using regression Analysis had been made. To verify that wish 1 "Design for 
minimum costs” fulfilled a rough direct cost estimation of cost for components 
and details see Appendix [14]. The cost of the components are based on quotes 
that the group has received the provider orally, the total cost of the product  will 
be presented as a product suggestions to purchase and please observe that nothing 
too said in the absolute relating  final costs, the estimation based  of the material 
and  extra fees to be considered for the labour who  will weld the ventilation 
cupboard around 500 SEK/hour plus extra fees for assembly, the material costs 
estimation without taxes, Bending ,cutting  and special treatment to be added to 
the total  costs. 

5.10 FEM Calculation 

The fundamental aspects of FEM thermal analysis used in Catia V5 Generative 
static analysis, heat transfer which can be combined with stress and stress 
deflection analysis to provide thermally induced stresses and deflection, elastic 
instability , electrostatics  and magnetics which can be combined with heat 
transfer . A heat transfer analysis can be performed on structural components 
including the effects of heat conduction, convention and or radiation, in this 
product the important parts to be checked the Tanks, agitation pipes, ventilation 
cabinet and the linear profiles. More details will be viewed in detail design 
appendix.  

5.11 Risk analysis and safety precaution 

Risk assessment is a means to characterize and reduce uncertainty to support our 
ability to deal with catastrophe through risk management. Good risk management 
will reduce the negative effects of bad things happening (Terry Bahil). “Risks 
cannot really be controlled – bad things happen. But the risks and the control of 
their consequences can indeed be managed.The assessment will contain the main 
hazards to safety, health, and the environment Associated with construction 
operations. The purpose of this risk assessment is to highlight the risk involved 
during the process; this risk assessment addresses all possible risks and 
safeguards. Equipment manufacturers should be consulted for actual dimensions, 
and other requirements. Risk analysis is needed to determine the potential impact 
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of the risk. Risk analysis had been performed for the product, further information 
about the hazards [FMEA] and safety procedures See appendix [15].  

6. Discussion and Conclusion

The results from brainstorming and discussions during product development are 
presented below. The result of this process is identical to the proposed concept 
“3”and a prototype will be built this model, See figure [6.1].

Fig”6.1” mini-line manganese phosphating immersion bath product” 

The detailed components had been illustrated in the appendix [6,7,8,9,10,11]. 
During the project there have been problems with the development of various 
ideas, The problem was how to follow the suitable literature to follow the design, 
I was really confused to choose because the design methods that we had studied at 
the university of Halmstad for mechanical engineering studies, I mean Fredy 
Olsson methods of deign does not optimize this kind of design. For Acquiring 
technical information, it is difficult, but extremely important to keep abreast of 
past and current developments in one’s field of study and occupation, to provide 
an excellent description of the informational resources available and highly 
recommended reading for the serious design engineer.  I had searched in the 
internet and in the library to find more comprehensive account to the technique of 
design (Engineering design, a systematic Design). A meeting with my mentor 
Pär-Johan Lööf started to make up a list of demands and set up the main 
requirements for the design, the product contain specific chemical reaction and 
heating mixtures that might be toxic to the users, due to the limited use of this 
product the design should take the chemical properties of the material that will be 
used. After discussion with Pär-Johan Lööf about the requirements list we had set 
the demand and wish list, the next step will be  help of brainstorming  of  
generating a flood of new ideas, the main weakness spot was that I work alone, to 
produce valuable ideas the group  should consists of two. I started with 
requirements list and configured how to treat with the material that will be used. 
The mechanical temperature effects such as strength and ductility are properties 
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affected by the temperature of the operating environment. Starting from the phase 
of primary design from the comprehensive discussions on various proposals has 
been made that the results could be produced to start the construction of the 
product. The problem was indicated in the costs that made weak spots that should 
be eliminated; we are not talking about mass production or a trade product. In the 
primary design phase I began to analyse the components I needed for the design 
and how I could implant the standard components. I had contact with IHP to find 
Heating element and temperature controller that fits our case to avoid high costs, 
and to find a suitable solution variant for air agitation and Ventilation cupboard. 
After more discussion with my mentor about the concept that suitable for the 
school budget as a solution proposal that suited requirements list and the Budget. 
We are not talking about construction in the true sense of the product as we must 
secure safety before we will talk about the costs because the product will be used 
by the staff of the SET section at the University of Halmstad. This has been one 
factor that has been important to take into account throughout the project. The 
goal of this process was to achieve a mini line of five tanks immersion process 
which will help for experimenting coating of gears. It is so important to control 
the process parameter during this experiment, in the real fact it is difficult to 
control because the phosphating process is quiet delicate, needing perpetual 
supervision if not to deteriorate. As chemically, it is not easy to reach mechanical 
changes. Periodic cleaning must be done because the length of the immersion gear 
must be matched to the size of the tank so that gear is never immersed in the 
sludge at the bottom or touches the bottom of the treatment tank. In order to 
reduce the formation of crystals at the surface of the liquid, the liquid level should 
be kept as constant as possible. Quality of water: the quality of water is very 
important in the pre-treatment of metal. The concentration of the mixture to be 
used must be done by an expert because it’s relates to the direct parameter that 
will affect the surface parameter of the process. Before starting the project I had 
set a network plan, as an estimation of design Gantt chart, in matter fact I was late 
at the beginning so I tried to keep the pace 
and minimise it as much as I can to carry 
on the time schedule and manage it, I had 
many prototype model construction, 
because the budget limitation I had discard 
these model. With this experience, I have 
managed to make a more precise schedule 
this time. 

 Figure 6.2 final results of the product 
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6.1 Further work 

There are essentials suggestions to be applied for the further work. In order to 
secure the safety and the users of this process we must provide a complete 
ventilation system: 

• Fume hood cupboard to avoid any inhalation of manganese crystals
exposure that will settle down in the brain and the respiratory system.

• Use an automatic operation or control of the process of the immersion of
the gears  I mean horizontally and vertically , that will avoid any kind of
risks during the operation of the process

• Use magnet stirring instead tank agitation using air blower or use SER-
Ductor nozzels and recirculation pump. The manganese phosphate is
heavy sludge generating process, which allows accumulating in the
immersion tank, this accumulation of sludge will produce a hard layer that
will respectively affect the heater and the agitation holes.

• Heating Magnetic Stirrers, it will be better choice to avoid the
accumulation of the sludge that will produce will produce a hard, baked-
on scale on the heaters that results in poor temperature control and failed
heaters.

• Using 7 chain immersions with bigger size of the tank for better results of
immersion and better results.

7. Critical review

The difficulties that I had it during the project the theory and the lack of 
information about the process details I mean the chemical reactions when we heat 
up the solvents how the materials will behave, the chemical characteristics of the 
chemical reaction had an active and direct influences to the users and how the 
process will influence the environmental hazard, that needs further investigation 
for the safety of the users ,  here we will use the product at the university not for 
commercial use, so our focus first must be on the safety and not the costs that 
from my point of view. To understand ethics one must understand the human 
activity according to “Aristotle”, “things of any variety have a characteristic 
function that they are properly used to perform”. I just want to notify that in some 
cases we need to think in humans more than we can think in costs.  

The responsibilities will require to design and construct a mini line that comply 
safety regulation, the process need an active ventilation system not just a 
ventilation cupboard, the author has a reservation about that. No sufficient 
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information about where the product will be installing. I started late with my 
thesis, and due to lack of time and the economy, I have not made a prototype, 
which had brought additional accuracy to the design. I had spent a lot of time 
searching about the chemical properties of the parts that I will use in the design 
such as the heating coil and the temperature controller, linear profiles, tanks, 
tables, linear actuator, sealing washers, agitation and what is the risk of using the 
manganese phosphate during the process. The delay in the beginning create a 
confused situation for me and the type of the project need specific information 
and solution for the obstacles that prevent from the undesirable initial state to the 
desirable goal state at a particular point in time, how to recognize specific 
relationships in many possible ways such as concrete –abstract relationship, whole 
part relationship and space time relationship. As we know the perfection only for 
the creature that can have perfection, I had learned a lot about the surface 
treatment of metal alloy and it’s characteristics in the machine element parts. 
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Appendix 1 

Gantt-schema, första utkastet 

Vecka v.3 v.4 v.5 v.6 v.7 v.8 v.9 v.10 v.11 v.12 
Uppstart av 
examensarbete 
Ta fram preliminär 
rapportstruktur
Information 
Leta efter lämplig 
 litteratur inom området 
konstruktion 
Product suggestions 
Produktkundundersökning 
Kriterieuppställning 
Kravspecifikation 
Framtagning av produktförslag 
Brainstorma idéer produkt 
beskrivning. 
Illustera idéer 
Utvärdering av produktförslag 
Rapportskrivning 

 Halvredovisning 20 mar 

Vecka v.13 v.14 v.15 v.16 v.17 v.18 v.19 v.20 v.21 v.22 
Produktutkast 
Komponent val 
Detaljkonstruktion 
Material 
Utformning 
Arbetsplan för konstruktion 
Produktsammanställning 
Eventuell redigering 
Uppföljning av 
prototyptillverkning 
Rapportskrivning 
Redovisning 
Ut expo 

Started 
Delayed   
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Appendix 2 

Högskolan I Halmstad 
Requirements list for Mini-lab line 
project Issued on 2013-03-22 

Page: 1 
Demand 

Changes Wish  Requirements    Responsible 

  1.Geomatry 
Length 250mm 
Width  250mm 

 
Height  300mm 

2013-04-02 D Number of containers 5 
 W positing of the of the containers  precision 10mm 

W Minimum  distance  separate containers >100mm 
W Gear suspension 

2.Chemical process 
D Required volume 

 D Agitation of the  fluid   Air bubbles 

2013-04-02 D 
Heating 
Element 

IHP AB 
Elements 

  D Temperature controller 
2013-04-02 3. Material

 D Chemicals Resistance IHP AB 
 D Temperature resistance stainless steel 

D Must not affect the process stainless steel  

W Cleaning 

 

Cleaning Jar with drainage 
valve 

Safety, operation  
D Risk of burns 
D Ventilation         

  D No Splash during immersion the work piece  

W 
No Leakage from any part of 
system 

 D power source electricity &compressed air 
W Manual 

 W Costs low cost  
  

2103-05-03 

D Measurement / logging of: Temperature 
D Measurement / logging of: Concentration 
D Possible to convert to automation in the future 
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Appendix 3 

SWOT Analysis 
Date:March,10,2013 
Building a mini-line to be 
used for evaluation of 
processes parameters by 
surface treatment of 
components in lab 
environment. 

External opportunities (O) 
1. The task creates a product
that is needed for the lab. 
2. Opportunity, experience and
knowledge gained from the 
training in a real problem. 

External Threats (T) 
1. Unable to build up the
current budget 
constraints. 
2. Task could not match
the demand criteria. 

Internal Strengths (S) 
1. The project capabilities
complement each other very 
well 
2. Competitive advantages

       (S-O) strategies 
Sufficient Knowledge in 
design and production which 
will lead to develop and 
build the demand project. 
Enhance the capabilities of 
surface topography of 
surface parameters. 

       (S-T) strategies 
Re-engineer the task to 
fulfill the demands, to 
avoid failure. 

Internal Weakness(W) 
1. Plan predictability, one
person group. 
2. Construct a new product
might prevent from 
accomplishing our mission 
and achieving our full 
potential. 

       (W-O) strategies 
Disadvantages only one 
team members which may 
be Loss of key staff.  More 
Information, planning is 
needed  

       (W-T) strategies 
Divesting the risks of 
failure and establish a 
defensive plan to 
achieve the task. 
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Appendix 4 

Dipping time in refining (Min) Temperature of phosphating Bath (Cdeg) 

Phosphating of concentration (%v)  Phosphating of accelerator (g/l) 
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Dipping time in phosphating time (min)    Typical SEM-structure of the Optimized 
phosphate manganese coating 

     Phosphate coating engine component 

Influence of the carbon content on the crystallization of the manganese phosphate 
coatings: (a) XC10 steel, (b) XC38 steel, (c) XC70 steel [11], (d) engine 
phosphate component. 

d
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Appendix 5

Figure 5.1 Wish demand requirements classification weight 

Number  Criteria Demand =D Wish=W Wish 
Weight 

1 Number of Containers D 
2 Position OF the container W 4 
3 Minimum separate  distance D 
4 Suspension W 3 
5 Heating element D 
6 Agitation of fluid D 
7 Minimum required Volume D 
8 Temperature controller D 
10 Costs (minimum cost) W 1 
11 Material  resistance D 
12 Material Must not affect the process D 
13 Cleaning( easy to clean) W 5 
14 No Risk of burns D 
15 Ventilation D 
16 No Splash (during immersion of the work 

piece) 
W 2 

17 No leakage from any part of system D 
18 Power source electricity & compressed 

air 
D 

19 Maintenance(simple maintenance with 
standard tools) 

W 6 

20 Manual D 

21 Possible to convert to automation in the 
future 

W 7 

22 Measurement / logging of: Temperature D 

23 Measurement / logging of: Concentration D 

24 Measurement / logging of: Time D 
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Fig 5.2 comparative weight table 

Evaluation of conceptual production systems, 

1. Compare A with B, If A is more important than B, insert 2points, If A = B insert
l point. 
 If” B” is more important than “A”, insert 0 point. 
2. Compare A / C, A / D, etc.
3. Compare B / C, B / D, etc.
4. Add vertically by setting negative value.
5. Add horizontally = Pi.
6. Check ∑Pi = nxn, n:number of desired wishes.
Where n = number of criteria. 
7. Calculate the Ki=Pi / ∑Pi
8. Check ∑Ki = 1

The final Assessment of product suggestion took from the book Principle 
Construction (Freddy Olsson, 1995), page 21. 
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A B C D E F G + Pi Ki 
A 0 1 2 2 2 2 2 1 12 0,2553 

B -1 1 1 1 2 2 3 9 0,1915 
C -3 1 1 2 1 5 7 0,1489 

D -4 1 0 2 7 6 0,1277 
E -5 1 1 9 6 0,1277 

F -7 0 11 4 0,0851 
G -8 13 3 0,0638 

Total sum 47 1 
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Appendix 6 

Figure 6.1 design concept 

Fulfilment Assessment 
3 The proposal Assessment match the criteria 
2 The proposal probably meet the criterion 
1 The proposal hardly meet the criterion 
0 The proposal does not meet the criterion [Principle 
construction book, page 37, 38]  

Nr Principle solution 
variants  

TB EB passed on 

1 Design concept 1 2 2 - 

2 Design concept 2 3 2 X 

3 Design concept 3 3 2 X 

4 Design concept 4 3 2 X 

5 Design concept 5 2 1 - 

6 Design concept 6 3 1 X 
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Figure 6.2 Evaluation of the design concept for the mini lab line 

A B C D E F G To
ta

l s
um

 

T/
Tm

ax
 

Pa
ss

ed
 o

n 

NR Description Ki 0,2553 0,1915 0,1489 0,1277 0,1277 0,0851 0,0638 1 

2 Design concept 2 u 2 2 2 2 3 3 2 

t 0,5106 0,38 0,2978 0,26 0,3831 0,26 0,1276 2,21280 0,7376 

3 Design concept 3 u 3 3 3 2 3 3 2 

t 0,7659 0,57 0,4467 0,26 0,3831 0,26 0,1276 2,80850 0,93616667 x 

4 Design concept 4 u 1 3 3 3 3 3 3 

t 0,2553 0,57 0,4467 0,38 0,3831 0,26 0,1914 2,48940 0,8298 

5 Design concept 6 u 2 2,00 3 2,00 2 3,00 2 

t 0,5106 0,57 0,2978 0,26 0,3831 0,17 0,1276 2,15 0,71633333 
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Appendix 7  

Works Table 

The work table will be purchased from the supplier GGmgastro international. 
Work table 2,0m - with floor base and up stand. The Supplier will make 5 Square 
opening to fit the tanks. 

Technical information: 

Dimensions: external dimension: W 2000xD700xH 850 mm. Worktop thickness: 
Approx. 40 mm and Stainless steel legs: 40 x 40 mm 

Table Description 

• Extremely high carrying capacity
• High-quality stainless steel
• With up stand
• Rounded corners
• Carrying capacity up to 500 Kg
• With floor base
• Worktop reinforced with MDF Omega         Fig.6.1work table 

• Worktop made of double-walled stainless steel
• Table legs with square profile
• Soundproofed base plates
• Height-adjustable fee
• Produced in line with the hygiene and safety directives
• Meets CE standards (international TÜV certificate)[ggmastro]

The table will be the base foundation of the whole construction and the bearing 
Load of the whole tools. And meet the material requirements, chemical and 
temperature resistance (made of stainless steel) and easy to clean.  
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Appendix 8 

Heating coil and temperature controller: meets the requirements regarding the 
material properties:  

• Chemical resistance
• Temperature Resistance
• Must not affect the process

The heating coils and temperature controller after further and deep information 
and discussion with [Pär-Johan Lööf] to minimize the costs incase purchasing 
the heating element and the temperature controller separately. 

The Heating coil is made of INCOLOY alloy 825, the outstanding attribute of 
INCOLOY alloy 825 is its high level of corrosion resistance. In both reducing and 
oxidize environments, the alloy resists general corrosion, pitting, crevice 
corrosion; inter granular corrosion, and stress-corrosion cracking. Some 
environments in which INCOLOY alloy 825 is particularly useful are sulfuric 
acid, phosphoric acid, sulfur containing flue gases, sour gas and oil wells, and sea 
water. [Incoloy alloy 825.pdf] 

M shaped over the side heater wit ø10mm Incoloy 825 element with soldered 
M14x15mm Brass Nipples. An IP44 Connection Box with 0/120°c and Adjustable 
Thermostat 230v 850w, these of course relates to IHP. See figure 7.1 
The supplier will provide full documentation bout the product. Chemical 
properties for the Heating element suggestion from IHP see figure 7.2  

Fig.7.2 Incoloy 825 Chemical composition: 

Alloy % Ni Cr Fe C Mn Si Cu Mo Al Ti P S 

825 
Min. 38 19.5 balance 1.5 2.5 1.0 0.6 

Max. 46 23.5 balance 0.05 1 0.5 3 3.5 0.2 1.2 0.02 0.03 
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Fig7.1M shape heating element with temperature controller suggestion from MR. 
Bruce Macgregor IHP 
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Appendix 9 

Tank detial 

The tank fullfil the requirements: 

• Chemical resistance
• Temperature Resistance
• Must not affect the process

              Fig.8.1 Stainless steel tank 
At the bottom of the tank it will be connected to a stainless steel 
valve by a bushing and seal washer  to prevent any leak, the bushing will be made 
from stainless steel. 
Tank dimension will be 250x250x300 mm. see figure[8.1]    
The tank wi´ll purchase from the  supplier       
[http://www.oana.nu/product_info.php?manufacturers_id=38&products_id=2663] 
It is made of stainles steel  . Iron is the main element of stainless steel; Chromium 
is a metal that stalls the oxidization of iron. Nickel increases the corrosive 
resistance further and can protect stainless steel from rough usage and harsh 
environmental conditions. Pitting or scarring is avoided by adding molybdenum to 
steel. 
Temperature effects  
Properties affected by the temperature of the opertaing and enviroment such as 
strength and ductility or britleness ,the yield strength however decreases 
continuously as the enviromental temperature increased,there is a substanial 
increase in ductility as might be expected at the higher temperature [E.A 
brandes(ed)smithells metal refence book, 6th edition].If a temperature deformation 
is permitted to occur freely no load or the stress will be induced in the structure. 
some cases it is not possible to permit these temperature deformations, which 
results in creation of internal forces that resist them. Stresses caused by these 
internal forces will cause  thermal stresses. When the temperature deformation is 
avoided , thermal stress developed due to temperature change calculated by 
Hook's law  equation: σ = E.α.Δt 
F/A = thermal stress Mpa 
E = modulus of elasticity Gpa 
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α = linear thermal expansion coefficient (°C) 
∆T = change in temperature 
α = 11, 6 x 110−6, E = 200000 Mpa 
∆T = 95 °C - 20°C = 75°C 

𝑆𝑡𝑟𝑒𝑠𝑠 =
𝐹
𝐴

= E ∗ α∆T = 200000 ∗ 11,6 ∗ 10−6 ∗ 75 = 174 Mpa 

Elongation: 
∆ 𝐿 = 𝑙 ∗ 𝛼 ∗  ∆𝑇 = 0,0261𝑚𝑚 

while in FEM thermal analysis I get the following results: 

Fig.8.2 Von mises In Mpa Fig.8.3 Deformation in mm 

The agitation 

To  avoid high cost we had choose the air agitation using air blowers which will 
be assembled in the tanks number 3 and 4. See figure [8.4, 8.5, 8.6, and 8.7] 

      Fig.8.4 Agitation parts Fig.8.5 installrtion details 
outside ank  
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Fig.8.6 Seal fastners       Fig.8.7  details inside the tank 

Fig.8.9 Bushing to be assmbley with tank and the valve 

The materiual should fulfil the requirmenrts as mentioned for the tank .The 
agitation will be connected to the existing air clyinder  that found in the 
workshop, it cosists of a stainlesssteel pipe(supply pipe) it will be bended and 
mounted to T-coupling elbows to the tank and we   willuse seal washer To avoid 
any leak, create a metal-to-metal seal that stands up to a wide variety of fluids 
under high pressure. The fittings are manufactured from 316 stainless steel, and 
use seal washer. As Most fluid systems have fasteners that must be sealed, sealing 
between the T fitting and the tank Thread Seals feature an elastomeric sealing 
element molded in place within a metal retainer (washer). Although resembling a 
simple O-ring groove concept, the mild in place fastener seal offers numerous 
advantages. 
The design of pluming and spargar are critical, main parts are the supply pipe - all 
of the pipe which is 16 mm in diameter stainless steel process pipe, cutting, 
bending and threading will be done in the university work shop. The supply pipe 
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should be cantered into the header pipe Sparger Pipes – These are the bubbling 
pipes that extend across the tank from the supply. The holes are drilled on the 
bottom, as shown in Figure 8.9. 

• Using Figure 8.9, drill your holes in this pattern every 40-80 mm.
• The diameter of the holes can range from 2.5mm to 5m. The larger sizes

are used for tanks with residue that can cause sparger hole blockage. Clean
these holes of drilling chips.

• Make sure drilled holes point downward in the tank and sparger pipes are
suspended above the bottom.

      Figure 8.9 drilling the holes 
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Appendix 10 

Actuator with Accessories 

The actuator will purchased from Firgelli Automations it will be used to immerse 
the gears in the bath. the stroke length of the actuator is 300mm stoke length, the 
actuator will be mounted by the Complete carriage from the upper side  , and in 
the bottom side it will mounted to the suspension hook of the gear. The linear 
actuator will be connected to remote controller to control the pull- push process of 
the immersion of the gear in the bath. The actuator will mounted with 
MB1bracket they fit on either ends of the actuator and are chrome plated steel. 
Once installed the Brackets are free to rotate almost 180 degrees to give actuators. 
Each bracket comes with a cross pin that has a small hole for P-clip or similar for 
quick release. See figure [9.1] 

Actuator movement simplified, see figure [9.2] 

• Radio frequency 310 Mhz
• 2 or 4 channel
• Programmable remotes
• Each remote has 4 buttons, 2 buttons per actuator 

• 2 modes - sustaining (latching), or momentary
• Requires 12VDC input (not included)
• 5 AMP fuse should be used to protect the remote system
• Easy to wire actuators to 4 channel remote control system
• Rated to 10 amps per channel[www.Firgelliaut.com]

Fig.9.1MB1 with a cross pin   Fig.9.2Actuator movement simplified 
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The mounting bracket will be assembly with a stainless steel rod that will hold the 
gear hook (gear suspension), the round shaft will be made of stainless steel to 
resist the corrosion and the chemical solution, the rod (steel bar), milling and 
honing needed for the rod and that will be done at the workshop of the university, 
the rod will be assembly  by thread to the gear hook, the shaft will be loaded by 
the weight of the gear (5-10 kg) it will be designed to approximate relative 
diameter (20-50mm) the hole of the gear ranges between 20-50mm. the shaft is to 
be made of Stainless steel 316, we will have shaft with two different diameters, 
the first part of the shaft will be 19mm in diameter and 50mm long bored to 
minimize its weight, the other shaft will be 49mm and 20mm long , at the end of 
the shaft the diameter will be 53mm to hold the gear, see figure [9.3],  for more 
details see drawing. The 2 shafts will be subjected to thermal stresses to a 
completely thermal stresses, the highest temperature will reach 95 C, 
consideration should be given to the method of assembling the components onto 
the shaft, and the shaft assembly into the other shaft, this generally requires the 
largest diameter in the centre of shaft, with progressively smaller diameters 
towards the ends to allow components to fits together. 

Fig9.3 Assembly of the shafts to the  actuator 

Thermal stress developed due to temperature change can be given as: σ = E.α.Δt 
𝑆𝑡𝑟𝑒𝑠𝑠 = 𝐹

𝐴
= E ∗ α∆T = 200000 ∗ 11,6 ∗ 10−6 ∗ 75 = 174 Mpa, that’s for the 

maximum temperature [95 ℃], where∆T = 95 − 20 = 75 ℃ .  
A heat transfer analysis can be performed on structural components including the 
effects of heat conduction, convention and or radiation. 
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The model is used to determine the resulting thermal stresses. For sake to simple 
illustration, our model 79mm long. The temperature is to be set to 95 C 
(maximum temperature in the process which will be the critical temperature), the 
thermal coefficient of the steel is α=11.7 *0, 000001  

Fig [9.4] shows the temperatures contours of the steady-state temperature 
distribution obtained by the FEM .The maximum stresses occurred as shown in 
the fig with a magnitude of 246 Mpa. 

Figure 9.4 showing von misses stresses to the shaft 246 Mpa 

When the gear will be immersed in the tank that will increase the volume of the 
solution as follows: 

Volume of the gear: 𝐴 = 𝜋𝑟2 ∗ ℎ= 𝜋 *(7.52)*5=884𝑐𝑚3, 

Surface area of the Tank: 250*250=625𝑐𝑚2, 

The increase of volume will be: 884/625=1, 5 cm 

When the gear enters the tank the volume of the solution will increase by 1,5cm. 
Calculation based on the maximum size of gear.  

55 



Appendix 11 

Vertical and horizontal translation with Accessories 
The horizontal translation 
 Double rail and housing bearing, type Lin W Guide rails- dimension 2000mm 
long it will be mounted with two aluminum profiles to the table,  the double rail 
profile WW-16-60-15 HKA – Dry Lin® W16 - complete carriage. The actuator 
will be mounted by the complete carriage from the upper side, the linear profile 
guide will be assembled by 2 aluminum profiles [Profile 6 60x60mm] will be 
assembled by a T- slot Type [T-Slot Nut 12 St M8] it is easy and simple insert a 
T-bolt into a T-slot and tighten, and down it will be assembled by an 90 degree 
angle hinge brackets and angle clamp brackets are used for connecting two 
profiles of the same Line and they will be assembly by the same way to the 
table. See figure 10.1, 10.2, 10.3, 10.4 for more details.  

Fig.10.1 Linear rail profile assembly         fig.10.2 parts assembly 
details 

Figure 10.3 Translation parts assembly    Fig.10.4 parts assembly with the table 
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Thermal stress developed due to temperature change can be given as: σ = E.α.Δt 

𝑆𝑡𝑟𝑒𝑠𝑠 =
𝐹
𝐴

= E ∗ α∆T = 70000 ∗ 22,2 ∗ 10−6 ∗ 45 = 69,9Mpa 

Elongation: 
∆ 𝐿 = 𝑙 ∗ 𝛼 ∗  ∆𝑇 = 1992 ∗ 22,2 ∗ 10−6 ∗ 45 = 1,99𝑚𝑚 

Fem analysis in Catia had done for the linear profile and the Aluminum which 
shows the deformation figure [10.5], thermal stresses see figure [10.6]. 

Fig.10.4 Deformation shows 2,36 mm 

Fig10.5 showing von misses stresses 61, 7 Mp 
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Appendix 12 

The ventilation cupboard fume will be made of stainless steel plate, the cupboard 
need bending, welding and bore, this confection to be made in the workshop at the 
university, there will be a window that will allow moving the carriage to the tanks 
and the window will be made of Aluminum profile rail and Plexiglas 
[2000x800x6mm], After calling various companies, a decision was taken that it 
would be easier to order the finished window from the manufacturer. The author 
has taken the decision to order a window because that will minimize the costs. 
The cost of this window is estimated at 3500 SEK.for more details see figure 
[11.1]. 

 Fig.11.1 ventilation cupboard details 

Thermal expansion of the fume in the long direction can be calculated by Hook’s 
law: 

∆T = Tf − Ti = 60 − 20 = 40 ℃ 

∆ 𝐿 = 𝑙 ∗ 𝛼 ∗  ∆𝑇 = 2000 ∗ 15,9 ∗ 10−6 ∗ 40 = 1,272𝑚𝑚 

𝑆𝑡𝑟𝑒𝑠𝑠 =
𝐹
𝐴 = E ∗ α∆T = 200000 ∗ 11,6 ∗ 10−6 ∗ 40 = 92,8 Mpa
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Appendix 13 

Aluminium 

Aluminium metal is lightweight, strong, and conductive with very good 
mechanical properties. It is inexpensive and will not rust, 8% of the earth's crust is 
made of it. It can be moulded into casts, worked with machine tools, and made 
into sheet metal, making it useful for a wide variety of products, with very good 
mechanical properties. It does not rust and it can withstand very high 
temperatures. When recycled aluminium requires only 5% of the amount of 
energy required in the production, it should be added that aluminium is one of the 
best choices you can make when it comes to recovery and strength. By anodizing 
the aluminium so it will be even much finer finish, a better sliding surface but 
obstacles support becomes even more resistant to bad weather then anodizing 
provides better protection. Density of aluminium is 2.7 and its melting point is 
660 degrees Celsius. Aluminium is a pure element that appears on the Periodic 
Table, Aluminium oxide is the same size as aluminium. Instead of forming rust, 
the oxide forms a protective layer. 
Thermal properties 
For more details about Aluminium thermal properties see Table 12.a. 

Melting point 475-677°C 
Maximum service temperature 120-210°C 
Thermal conductor or insulator Good conductor 
Thermal conductivity 76-235 W/m C 
Specific heat capacity 857-990 J/kg °C 
Thermal expansion coefficient 21-24 µstrain/°C 

Table12.a Thermal properties of Aluminium 

Stainless steel 
Stainless steel metal is durable and corrosion resistant in most environments. The 
surfaces can be easily cleaned and it also has good form / treatment characteristics. 
corrosion resistance, cost, availability, high mechanical properties for the temperatures 
ranges and fabrication  variety characteristics such as effective corrosion resistant , 
maintain strength at high temperatures, and  easy to  maintain. See table 12.b 

Table 12.b Thermal properties of Stainless steel 

Density 
(kg/m3 

Elastic 
Modulus 
(GPa) 

Mean Co-eff of Thermal 
Expansion (µm/m/°C) 

Thermal Conductivity 
(W/m.K) 

Specific 
Heat 0-
100°C 
(J/kg.K) 

Elec 
Resistivity 
(nΩ.m) 

8000 193 0-100°C 0-315°C 0-538°C AT100°C At 500°C 500 740 
15,9 16,2 17,5 16,3 21,5 
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Appendix 14 

Supplier Designation Material Quantity 
(St) 

Art.nr Price/set 

GGM Gastro 
AB 

Work table Stainless 
steel 

1 ATS207A 3633 

OANA AB Tank Stainless 
steel 

5 mx90080 896,5 

I MAB AB T-fitting Stainless 
steel 

3 X 300 

I MAB AB Process pipe Stainless 
steel 

1 X 126/m 

I MAB AB Seal washer  Stainless 
steel 

9 X 15 

Biltema   Jeepdunk Steel 5 39161 199/set 

IHP AB Heating Incoloy 825 5 X 2650 

Alu fluex 
Group AB 

Angel Hinge 
Brackets 

bright zinc-
plated 

16 0.0.457.76 50 

Alu fluex 
Group AB 

T-Slot Nuts 
St with 2 
Threads 

bright zinc-
plated 

4 0.0.404.21 20 

Alu fluex 
Group AB 

Stand foot Aluminium  2 0.0.419.03 450 

I MAB AB Cupboard Stainless 
steel 

3 X 1156 

I MAB AB M8x12mm Stainless 
steel, A4-70 

8 79844 8 12 2,75 
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The table above illustrates the purchase list of the product. 
The total direct costs estimation without taxes are 38662 SEK, we must add to this 
the welding costs (500 SEK/hr.) and the assembly costs (350SEK/hr.).  
In case of full automation of the process the costs will be approximately 85000 
SEK. 
For more safety precaution for the users to avoid any inhalation of manganese 
phosphate vapour, it is highly recommended to buy fume cupboard. 

Supplier Designation Material Quantity (St) Art.nr Price/set 

Ahlsell Valve Stainless steel 5 4508324 244 

Ahlsell Bushing Stainless steel 5 1237008 50 

I MAB AB M6M Hex nut Stainless steel 24 093448 6 0,39 

I MAB AB M8 x20mm Stainless steel, 
A4-70 

5 79844 8 20 2,75 

I MAB AB M8x16mm Stainless steel, 
A4-70 

31 79844 8 16 2,75 

I MAB AB M6M Hex nut Stainless steel 5 093448 8 0,76 

Igus AB Linear Carriage  Aluminium 1 WHKA-16 241,5 

Igus AB Rail profile Aluminium 1 WS-16-60 
UNGEBOHRT 

1600 

Firgelli MB with pin Steel 2 MB1 60 

Firgelli Actuator Aluminium 1 FA-S-150-12-12 910 

Firgelli Remote Control 
Systems 

Aluminium 1 4CH-RC 455 

Optimera 
Byyhandel for 
proffs 

Window frame Aluminium 1 X 2000 

Sjöstensglassmäs
teri AB 

Window Plexiglass 1 X 2400 

I MAB AB M6x12 Stainless steel 32 X 1,5 
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Tabel 15 Risk assesment FMEA 
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Safety precaution during the process: 

When you are working with phosphating you need to know and understand the 
following: 

1. Your responsibility is to keep health and safety requirements of the area in
which the phosphating activity is to take place, as well as you must follow
safety precautions during the phosphating process and the effects on you
and others.

2. You must use the personal protective equipment and clothing that must be
worn during the phosphating activity

3. You must have sufficient information about hazards associated with
carrying out phosphating activities.

4. You must know about the basic principles of the operation phosphating
equipment.

5. You must keep the working area clean and tidy
6. Visual checks to be made prior phosphating
7. You must use the personal protective equipment and clothing during the

phosphating activity.

8. You must have visual check to the components prior to phosphating
9. You must keep the processing plant and equipment clean
10. Report any problems that you cannot resolve to the administration
11. Always confirm with authorized person when carrying out the phosphating

process
12. Leave the work area in clean and safe condition.
13. Carry out cleaning ,de-greasing ,activation and phosphating
14. You must carry out the place of the component s in the specified container

/tank.
15. Clean the tools and equipment (such as de-sludge phosphating tanks)
16. Process solutions to be disposed safely.
17. You must work safely at all the times, and follow the regulations and

guidelines of   health and safety
18. Make sure that the material surface  suitably prepared for the finishing

operations to be carried out
19. Ensure the satisfactory operating conditions of the finishing equipment

and treatment solution.
20. Wastes and excess materials to be disposed by the university.
21. Make sure to Shut down the  equipment to a safe condition
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