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Abstract 
 
The project aims at designing an interior washing system for freight containers in a 

completely automatic way. The project just deals with the mechanical development of 

the system, leaving out aspects such as electrical wiring, electronics and system 

programming. In this thesis the work focuses initially on the analysis of the major 

existing methods within the field of design and development of new products. 

Subsequently a methodology applicable to the project is created, as a basis to support 

the generation and development of ideas for the design of the product. Finally a detailed 

design is made for the parts of the process that do not exist in the market today, with 

their correspondent Computer Aided Design (CAD) models, structural analysis using 

the finite element method as well as some dynamic simulations. 

 

The project concludes with a discussion of the methodology used analyzing which 

aspects can be improved and which have worked well. 
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1. Introduction 
1.1. Framework of the project 

This Master Thesis has been conducted in collaboration with the Norwegian Company 

Clean Cargo AS. The work has been conducted as part of collaboration between Luleå 

University of Technology (LTU) and Narvik University College (HiN) within the 

Intereag IV a Nord project “Digital Integrated Manufacturing”.  

 

The persons responsible for each of the institutions mentioned are: 

- Peter Törlind, head of the division for Innovation and Design, Luleå University 

of Technology, Examiner of this thesis. 

- Henrik Nergard, researcher at the division for Innovation and Design, Lulea 

University of Technology, supervisor of the project in Sweden. 

- Bjørn Solvang, professor of Narvik University College, collaborating partner 

within the Interreg IVa Nord project.  

- Oddbjorn Iversen, owner of Clean & Cargo AS Company. 

 

1.2. Background 
 

The number of products carried by ISO containers is increasing. To be able to reuse 

these containers it is necessary to perform a cleaning operation. Nowadays, in most 

cases, the cleaning process for shipping containers is conducted in a manual way. The 

process is conducted with an operator wearing rubber boots provided with a high 

pressure washer and, spray the water to the container's walls.  

 

In the last years several regulations have appeared from the different organizations, such 

as World Health Organization or European Union, to set the specifications needed to 

perform the cleaning correct way. Specifically, these specifications are strict when fruit, 

meat or fish, that is, food in general is loaded. 

 

 The manual way to perform the cleaning task breaks the regulations in some aspects 

because the operator is in contact with the container with the same boots that he sets 

foot on the ground outside the container as well as within other containers, which can be 

a source for infections. Besides, the drying operation is performed keeping the doors 

opened for a while, which is dangerous since some insect can enter and nest inside. 

Another aspect is that the manual way of cleaning takes much time, so it is common that 

the containers are placed in some area waiting to be cleaned. This means that companies 

lose money since they cannot reuse the containers until they are cleaned. 

 

For these reasons it is thought that an automated cleaning system provided with a dryer 

system can be a good solution to meet the regulation, also making the cleaning task and 

more effective and environmental friendly. 

 

In an attempt to meet these challenges this thesis aims to develop and analyze an 

automated washing system for the ISO containers. 
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1.3. Project objective 
The project aims to design a system, suitable and realizable, of Internal Container 

Cleaning System from a mechanical point of view. This project pretends to be the start 

point to develop the final product by the company Clean & Cargo AS. 

 

To achieve the goal, the existing methods of "Product design and development" from 

relevant authors in this field, will be analyzed and then they will be combine to fit a 

good method for this design. 

 

1.4. Project situation 
 

The meeting was facilitated by Henrik Nergård. In order to provide an open view of the 

problem and to help the company Clean Cargo AS in the development of the new 

cleaning system, a structured method that facilitated the generation of new ideas, 

concepts and solutions to the problem was used. 

 

The method used is called "NOW-WOW-HOW and is developed by personnel affiliated 

with the research subject Functional Product Development and the division of 

Innovation and Design at Lulea University of Technology. The theme to start the 

meeting in a general way was "Cleaning containers". The meeting was started with the 

phase called "NOW", in which each one of the participants tried to show their vision (or 

ideas) about the “cleaning of containers” topic. For this an exercise called "The 

Challenge" was used, which enables each person to write down reflections about the 

believed challenges that can arise when cleaning container. Then each participant 

showed and explained their challenges to the other participants. Once all ideas were 

exposed, each of the visions was examined and trying to get the most relevant ideas 

from each one. These ideas were classified into different categories: Reach, Clean 

Water, Energy, Business, Safety, Rules, Process, and System Facilities. 

 

The meeting proceeded to select the relevant categories in the development of the 

project, these were: Reach, Business, Safety, Process, System Facilities. Then we 

proceeded to perform an exercise called "Word Association" to bring new issues to 

consider in each of the categories. With this last exercise the stage NOW was ended and 

the WOW phase started, whose purpose was to provide a priori crazy ideas but which 

could lead to other ideas workable. We performed an exercise called "A day in heaven". 

As in the other exercises a time was given for each participant to create his own 

paradise, and then proceed to the present each one of the ideas. 

After that, the phase HOW began, with which it was intended to provide technical 

solutions for the ideas gathered in the previous tasks. This phase consisted of various 

exercises: the first was to conduct a "brainstorming" with which each participant 

provided a possible solution to the problem. Once all ideas was exposed, the best one 

was to be selected with the use of another exercise called "The solution" ("The 

Solution").  In this exercise, from a personal perspective of each participant, an attempt 

to combine ideas to get possible solutions was performed. 

 

As a result of this meeting several concepts were obtained, which are used as a starting 

point in this project, with the aim to make a further analysis about them, studying either 

its execution or its feasibility. 
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2. Theoretical Aspect: Product Design and Development 
Since the focus of this project is to design parts of a new product, the theoretical aspects 

to consider are those that refer to the Product design and development. Here are some of 

the most significant models that exist today and they are taken as a reference to the 

development of the project. Because it is not the objective of this project to analyze the 

process itself, the procedures are simply outlined as follows, mentioning some of their 

advantages and disadvantages. 

 

2.1. Pahl and Beitz Method 
 

The method of Pahl and Beitz (Pahl et al., 2007), presents the task of design as a 

sequential work consisting of several phases: planning and clarifying the problem, 

conceptual design, embodiment design and detailed design. This method uses the theory 

of systems to support the proposal to work across functions, which combine the 

physical with the geometrical characteristics and materials for the emergence of the 

principle of solution. 

 

The method focuses on the so-called "embodiment design", but it proposes a 

development project by separate functional modules, which has the advantage of 

simplifying the analysis, but the disadvantage that it can reach a very complex joint 

proposal . It is one of the most widely used in mechanical design and its structure is 

shown in Figure 1: 
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Figure 1: Steps of the planning and design process. Source: (Pahl et al., 2007) 

 
2.2. Ullman Method 

Ullman states that the process of designing new products also consists of several phases 

presented in sequence, similar with the Pahl and Beitz model, but with the difference 

that it has a certain degree of iteration within each, as we see in Figure 2: 
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Figure 2: The mechanical design process. Source: (Ullman, 2010) 

For Ullman the process of designing a new product starts with the definition and 

product planning, e.g., forming a team, performing tasks, investigating the market and 

estimating time and budget costs. 

 

 

This author gives great importance to developing a set of specifications, as in the 

previous model, which meets the requirements set by the customer and serve as a guide 

to the designers to develop the next creative phase. Contrary to the Pahl and Beitz 

method, setting the specifications are understood as an interactive process of several 

parts. To facilitate this, the method called QFD (Quality Function Deployment) is used, 

whereby you try to compare all available information such as identifying the customers, 

what are their requirements, evaluating it according to their importance, analyzing 

existing products and how they meet customer requirements and finally developing the 

technical specifications. 

 

Once the technical specifications are established, the process continues with the 

conceptual design through certain functions and sub-functions, similar to the previous 

method, with the already mentioned difference of the possibility to use iteration. 

 

With concepts established, the detail design can start, taking into account issues such as 

economic, manufacturing and performance. 
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2.3. Eppinger and Ulrich Method 
As previously presented methods, for these authors, the design process also contains 

several phases to be considered such as planning, conceptual development, system-level 

Design, detailed design, testing and refinement and finally production ramp-up. In this 

method as with the previous, Ullman-method, this phase is not only a sequential 

process, but there are also iterations and even some phases overlap each other. 

 

This method gives great importance to the stage of conceptual development, 

understanding it as a fully iterative process in which at any time you can go back to 

make changes..The method can be seen in Figure 3: 

 

 
Figure 3: The concept Development process. Source:(Eppinger & Ulrich, ) 

By understanding the whole process in a globalized way, the set of specifications is 

constructed based on a comparative analysis of products, economic analysis and 

building and testing concept models in each stage. 
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3. Methodology   
After analyzing each of the design method outlined in chapter 2 we can conclude that 

despite the differences that may exist between them, they show some similarities and 

common steps. As an example, all methods establish the need to set certain design 

specifications agreed between the customer and market requirements.  

 

So in this part of the project, the methodology used in the product design is detailed 

with the purpose to facilitate the development and to understand what and how work 

has been performed in this project. 

 

3.1. Methodology applied 
In view of the main currents of thought in the development of products, two aspects are 

clear. On the one hand it is necessary to divide the process into several stages, so that at 

the beginning it is easier to address the design task but without losing the overall 

picture, therefore the process should be iterative. Therefore, the project begins to be 

sequential at first, appearing smaller iterations and increasing the degree of these as 

project progresses. That is, the previous stages are updated and are modified when next 

stages are performed. 

Therefore, as we see in Figure 4, in product development process used in this thesis 

there will be four main sections: Product Planning, Product Definition, Concept 

Development and Design in detail: 

 
Figure 4: The mechanical design process chart adapted from (Ullman, 2010) 

3.1.1. Product Planning 
In this first stage, there are two sub-stages. The first sub-stage is in charge for 

performing any documentation to understand the problem at hand, the framework of the 

product and analyze the market in which the product will be part. The second sub-stage 

seeks to analyze the information collected in the previous step to find opportunities for 

our product. By conducting both parts in an iterative process, each one may be updated 

or expanded at any time during project development 

 

Therefore, the first sub-stage starts with the definition of what a container is, what it is 

made of, what parts does it have and what types exist. Then the current regulations 
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required regarding hygiene and containers are analyzed. Later, inspections that a 

container has to pass in terms of cleanliness until it can be reused, are discussed and 

finally an analysis of the market is carried out to see the current offers of this service. 

 

The first stage finishes with an analysis of the opportunities that may be useful for 

product development. As shown in the Figure 4, if they don‟t exist, the previous stages 

would have to be performed in a more comprehensive way or the process proceed to the 

cancellation of product development if there is no business opportunity. 

 

3.1.2. Product Definition 
At the product definition stage a set of requirements, based on several aspects of the 

information discussed in the previous stage and with the expressed needs of the 

customer, are developed.,  This set of requirements must be taken into account during 

the concept generation and during the detailed design stage. 

 

The development of these specifications starts including the wider aspects taken from 

the analysis of legislation, the process, market and the needs expressed by the client. 

Later as we advance in the concept generation process, these specifications will be 

refined to have clear goals to be achieved during the detailed design. 

 

3.1.3. Concept Development 
In the concept development stage conceptual design, to help find the ultimate solution, 

are developed from the specifications, previously completed. This will be done 

primarily by generating ideas from a general point of view in order to go deeper as it 

moves the process towards more specific aspects. The process of this step has a high 

degree of iteration, as we can see in the procedure as follow: 

- Concept generation starts with generating concepts for the whole system. The 

different alternatives are assessed and those considered most appropriate are 

selected. 

- After selecting a number of concepts in the previous stage, on a slightly more 

specific level, a new process for generating ideas is opened finding new 

alternatives and proposing new principles of solutions.  

- The concepts from the previous stages are always the starting point and define 

the scope of the development of new ones. 

- With the evolution of this process, the specifications list is updated with new 

aspects that were not initially considered. 

- In the whole process the option of combining concepts to create stronger 

alternatives that provide better solutions is always considered. 

- The process ends when one considers that it has deepened enough and the 

selected concept is approved as a possible solution to be further developed 

within the Detail Design phase. 

 

Therefore, this stage begins with the generation of concepts for the whole system. Once 

one is selected, the level of depth is increased for each one of them, proposing various 

alternatives to help understand, in an overview, how the system behaves. 

 

In based on the ideas generated in the previous section, for a greater refinement and a 

better solution, we proceed to divide the system into several parts, performing  for each 

one a task of generating concepts with corresponding selection. Finally all the parts are 
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put together, identifying those parts that can match with products or technologies 

existing, and proceed to perform the detailed design of those that do not exist. 

 
3.1.4. Detail Design 

When the final specifications are established, the phase of Detailed Design can start. 

The goal of this stage is to refine the concepts already generated into quality products. 

In this phase technical solutions will be designed to meet the specifications that  to the 

concept selected. In this task, CAD models, FE-analysis will be accomplished, selecting 

the materials that fit better with the solution selected. 

 

This refinement is an iterative process of generating product designs and evaluating 

them to verify their ability to meet the requirements. The knowledge gained making the 

transformation from concept to product can be used to iterate back to the concept phase, 

adding new specifications and, if necessary, generate new concepts or even come back 

to Product Definition phase to define new needs. 

 

3.2. Delimitations 
Only the mechanical design and properties of some parts of the system will be designed 

and examined. It will only be evaluated in terms of mechanical and physical powers that 

are needed.  No control logic or electronics are considered in great detail. 
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4. Project Development  
4.1. Product planning 

This section of the project, as part of the planning phase of the product, documentation 

is done about the subject at hand: cleaning inside cargo containers. It starts by making a 

presentation of what a container is, which are its parts, how is it made and what types 

exist. 

 

4.1.1.  Container 
4.1.1.1. Definition 

Across the board, the container can be defined as a recipient or box of standard 

dimensions of standard construction which carry all kinds of goods to be transported in 

one or more modes of transportation (sea, air, rail and road), this is known as 

multimodal transport. (Marí Sagarra, 2003) 

 

4.1.1.2. Composition and manufacture  
The container can be divided into three parts: structure, walls and floor. 

 

The structure, which is the part responsible for carrying and withstanding loads, is made 

of a special steel alloy and the other parts are made of aluminum, plastic, steel, wood or 

a combination thereof. 

 

With the use of aluminum, the weight of the container is reduced 1/3 compared to steel 

and high corrosion resistance is also gained, albeit as a whole it is more vulnerable to 

shocks and the initial price is more expensive. 

 

The wood floor is specially treated with fungicide, suitable for use in wood, applied 

through autoclaves. 

 

The paints used in the containers are of special quality, with guarantees for a certain 

time of exposure to the harshest conditions. The most common paints used for the 

protection of metal containers, including procedures for application and drying 

according to their origin, are: 

· Acrylic paints: high strength and flexibility. 

· Epoxy paint, high degree of resistance to weathering. 

· Alkyd Paints: quick-drying by application of heat, very hard. 

· Chlorinated Rubber Paints, strength corrosion and abrasion, dry with air. 

(Marí Sagarra, 2003) 

 

4.1.1.3. Container parts 
There are containers of many types, but they all have some general features, which are 

shown in Figure 5 and then explained. 
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Figure 5: Container parts. Source: (CCNI, 2011) 

Corner Post: Vertical frame components located in the corners of cargo containers and 

they are integrated with corner and floor structures.  

Corner Castings: Trim located at the corners of the cargo container that provides a 

means for lifting, handling, stacking and lashing the container. 

Header and Sill: In way of door entrance with overhead horizontal header frame and 

similar floor level threshold sill.  

Front-End Frame: The structure at the front end of the container (opposite the door 

end) consisting of top and bottom rails attached to the front corner posts and the corner 

castings.  

Top Rail: Longitudinal structural members located at the top edge on either side of the 

freight container.  

Bottom Rail: Longitudinal structural members located at the bottom edge on either side 

of the freight container.  

Cross-members: A series of transverse beams at approximately 12 inch centers 

attached to the bottom side rail and an integral part of the floor frame support.  

Floor: The floor may be hard or soft laminated wood, planks or plywood.  

Roof: Roof bows are the undermost structure of the roof and are usually placed at 18 or 

24 inch centers. Modern steel GP (general purpose) containers (except open top 

containers) are not fitted with roof bows but will have corrugated or flat steel sheet 

roofs welded to the frame members.  

Aluminum containers have aluminum sheathing, bonded with adhesive to the roof bows 

and riveted to the top rails and headers. GRP (glass reinforced plastic) containers have 

fiberglass reinforced plywood panels fastened to the rail and headers. The roof is the 

part of the container most vulnerable to damage.  

Sides & Front: Modern steel GP containers will have corrugated steel panels. 

Aluminum containers have aluminum sheathing on the sides and front of the container 

which are affixed to aluminum stringers which are in turn bolted to the top and bottom 

rails and also to the front end frame. The stringers may be on the outside or inside of the 

sheathing. GRP containers do not use stringers for supporting the fiberglass reinforced 
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plywood panels. The side and the front of steel containers are made of corrugated steel 

sheets eliminating stringers.  

Doors: Doors may be ply-metal (plywood core with steel or aluminum facings), 

corrugated, or combinations with fiberglass. The hinged doors have plastic or rubber 

lined door gaskets as seals against water ingress.  

Security seal: Used in conjunction with locking mechanism in order to seal the 

containers for security purposes. These seals are numbered and often color coded.  

(CCNI, 2011) 

 

4.1.1.4. Types  
In principle, within the limits of its dimensions, the container can receive any type of 

load. There are a huge variety of types, the most important are analyzed. It should be 

mentioned, since the container is an intermodal transport way, the characteristics of 

each container are not affected by the transport means with the exception of the 

maximum load, which varies depending on whether it is by land or sea. 

 

a) 20 ' Dry Van Container: 

The standard 20' (which corresponds to 6,096 meters), is the most widely used 

container worldwide. You can carry almost any type of load, thanks to its 

versatility. This container has a capacity of Maximum Gross Weight (MGW) 24 

t. However, some are built to withstand a MGW of 30t, extending its range of 

possibilities. 

 

 
Figure 6: 20‟ Dry Van Container.(Herrera DKP, 2004) 

EXTERIOR INTERIOR OPEN DOOR CAPACITY TARE MAX 

LOAD 

Length 6.06 m Length 5.89 m Width 2.34 m 1171 fft
3 

4960 

lb 
Sea 28t 

Width 2.43 m Width 2.35 m Height 2.27 m 33.1 m
3 

2250 

kg 
Land 22t 

Height 2.59 m Height 2.38 m       

Table 1: Measures. Source (Herrera DKP, 2004) and (Almaviva, 2010) 

b) 40 ' Dry Van Container: 

This unit was created to enable full capacity utilization when large MGW loads 

are carried. 40' Dry Van can be made of steel or aluminum, which does not alter 

its purpose or capacity. 

 
Figure 7: 40‟ Dry Van Container.(Herrera DKP, 2004) 
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EXTERIOR INTERIOR OPEN DOOR CAPACITY TARE MAX 

LOAD 

Length 12.19 m  Length 12.03 m Width 2.34 m 2390  fft
3
 8200 

lb 
Sea 27t 

Width 2.43 m Width 2.35 m Height 2.27 m 67.6 m
3 

3720 

kg 
Land 27t 

Height 2.59 m Height 2.38 m       

Table 2: Measures. Source (Herrera DKP, 2004) and (Almaviva, 2010) 

c) High-cube container 40': 

The container high cube 40' is a standard container 40' with an extra foot in 

height. The standard 40' has a height of 8.5', the high cube 40' measured 9.5' 

height; it is an increase of 13% of its internal cubic capacity. 

 
Figure 8: High-Cube container 40‟.(Herrera DKP, 2004) 

 
EXTERIOR INTERIOR OPEN DOOR CAPACITY TARE MAX 

LOAD 

Length 12.19 m  Length 12.03 m Width 2.34 m 2687  fft
3
 8600 

lb 
Sea 27t 

Width 2.43 m Width 2.35 m Height 2.58 m 76.3 m
3 

3900 

kg 
Land 29t 

Height 2.89 m Height 2.69 m       

Table 3: Measures. Source (Herrera DKP, 2004) and (Almaviva, 2010) 

 

d) Open top: 

Open top containers were developed for certain loads that are not fit to be 

entered by the door. In roofless containers the load is placed through the roof. A 

tarp secured by hook covers protects the load. The open-top container is built on 

two basic dimensions: 20 'and 40'. 

 
Figure 9: Open Top container. (Air Parcel EXpress, 2010) 
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EXTERIOR INTERIOR OPEN DOOR CAPACITY TARE MAX 

LOAD 

20‟ 

Length 6.03 m  Length 5.89 m Width 2.29 m 1171 fft
3
 4407 

lb 
Sea 30t 

Width 2.43 m Width 2.34 m Height 2.25 m 33.1 m
3  

 
2150 

kg 

 

Land 22t 

Height 2.60 m Height 2.26 m       

40‟ 

Length 12.19 m  Length 12.03 m Width 2.34 m 2262 fft
3
 8270 

lb 
Sea 27t 

Width 2.43 m Width 2.35 m Height 2.58 m 64 m
3
 

 
3750 

kg 
Land 27t 

Height 2.60 m Height 2.26 m       

Table 4: Measures. Source (Herrera DKP, 2004) and (Almaviva, 2010) 

e) Thermal 

Container used for carrying perishable goods and can be heated or cooled. The 

thermal container may be reefer (reefridge or heater) or Conair (conditioned air) 

type in any of the standard measures discussed above: 20', 40' and high cube 40'. 

 

o Reefer: 

It carries its own cold generation. It is designed to carry cargo that requires 

constant temperatures below zero. Example: meat, fish, fruits, etc. 

 
Figure 10: Reefer container.(A.T.E.B, 2010) 

 
EXTERIOR INTERIOR OPEN DOOR CAPACITY TARE MAX 

LOAD 

20‟ 

Length 6.06 m  Length 5.44 m Width 2.27 m 992 fft
3
 3080 

kg 
Sea 27t 

Width 2.43 m Width 2.27 m Height 2.26 m 28.1 m
3  

 
6790 

lb 
Land 22t 

Height 2.60 m Height 2.27 m       

40‟ 

Length 12.19 m  Length 11.56 m Width 2.29 m 59.3 m
3
 4800 

kg 
Sea 28t 

Width 2.43 m Width 2.27 m Height 2.12 m 2075 fft
3 10580 

lb 
Land 25t 

Height 2.60 m Height 2.25 m       

40 „ High Cube 

Length 12.19 m  Length 11.56 m Width 2.29 m 67 m
3 

4850 

kg 
Sea 29t 

Width 2.43 m Width 2.28 m Height 2.46 m 2366 fft
3 10690 

lb 
Land 28t 

Height 2.89 m Height 2.55 m       

Table 5: Measures. Source (Affari Group, 2011) and (Almaviva, 2010) 
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o Conair: 

It doesn't have cold refrigerating. It is prepared for the transportation of 

cargo that requires constant temperatures. Example: apples, fruit, etc. 

 
Figure 11: Conair container. (Dietrich Logistics, 2005) 

 
EXTERIOR INTERIOR OPEN DOOR CAPACITY TARE MAX 

LOAD 

20‟ 

Length 6.03 m  Length 5.75 m Width 2.3 m 27.4 m
3 

2650 

kg 
Sea 21t 

Width 2.43 m Width 2.26 m Height 2.21 m 970 fft
3 5840 

lb 
  

Height 2.60 m Height 2.11 m       

40‟ 

Length 12.19 m  Length 11.84 m Width 2.25 m 59.3 m
3
 5350 

kg 
Sea 25t 

Width 2.43 m Width 2.26 m Height 2.19 m 2075 fft
3 11795 

lb 
  

Height 2.60 m Height 2.26 m       

Table 6: Measures. Sources (Dietrich Logistics, 2005) and (Affari Group, 2011) 

f) Flat Rack 

Flat rack containers are designed for loads with irregular borders, with 

dimensions that extend beyond internal measures dry containers. There are three 

different models: fixed front panels, no front panels, and folding front panels. 

The latter may vary in their methods of raising and bending their front panels 

through the use of special springs and locking devices. 

 
Figure 12: Flat Rack container. (Air Parcel EXpress, 2010) 

EXTERIOR INTERIOR OPEN DOOR CAPACITY TARE MAX 

LOAD 

20‟ 

Length 6.03 m  Length 5.89 m Width  Flexible
 

2000 

kg 
Sea 28t 

Width 2.43 m Width 2.39 m Height  4100 

lb 
Land 21t 

Height 2.60 m Height 1.96 m       

40‟ 

Length 12.19 m  Length 11.86 m Width  Flexible 
 

3630 

kg 
Sea 25t 

Width 2.43 m Width 2.39 m Height  8000 

lb 
Land 25t 

Height 2.60 m Height 1.96 m       

Table 7: Measures. Source (Herrera DKP, 2004) y (Almaviva, 2010) 
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g) Tank 

It is designed for transport of bulk liquids. It is a tank contained in a series of 

steel beams that define a parallelepiped whose dimensions are equivalent to 

those of a "Dry van". Thus, the tank has the advantages inherent in a container, 

can be stacked and travel in any of the typical transport of intermodal transport. 

 
Figure 13: Tank container. (Interfreight, 2010) 

h) Open side: 

Its greatest feature is that it is open on one side, measurements are 20 'or 40 '. It 

is used for larger loads in length that cannot be charged for the container door. 

 
Figure 14: Open side container. (HIWTC, 2011) 

i) Ventilated container20‟: 

Ventilated container was designed for specific loads that can not suffer abrupt 

changes in temperature due to humidity. With two sets of fans on each side of 

the container, roof and floor and acting throughout the container, warm humid 

air flows through vents ceiling while cool air flows in through the vents below. 

Also, some loads need to be transported in ventilated to prevent accumulation of 

gases. 

 

 
Figure 15: Ventilated container 20‟.(Herrera DKP, 2004) 
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EXTERIOR INTERIOR OPEN DOOR CAPACITY TARE MAX 

LOAD 

Length 6.06 m Length 5.89 m Width 2.34 m 1169 fft
3 

4960 lb Sea 28t 

Width 2.43 m Width 2.35 m Height 2.27 m 32.9 m
3 

2250 

kg 
Land 22t 

Height 2.60 m Height 2.38 m       

Table 8: Measures. Source (Herrera DKP, 2004) 

j) Bulk container 20': 

A shipment of grain is usually carried by truck from the exporter's silo to the 

port. So the cargo is exposed to loss and damages. This container allows the load 

to take the direct exporter to the consignee without any extra handling. They 

have roof hatches for filling and gates on the front panels for emptying. It also 

has doors as the standard 20 ', which makes it possible for general cargo use. 

 
Figure 16: Bulk container 20‟.(Herrera DKP, 2004) 

EXTERIOR INTERIOR OPEN DOOR CAPACITY TARE MAX 

LOAD 

Length 6.06 m Length 5.89 m Width 2.34 m 1169 fft
3 

4960 lb Sea 28t 

Width 2.43 m Width 2.35 m Height 2.27 m 32.9 m
3 

2250 

kg 
Land 22t 

Height 2.60 m Height 2.38 m       

Table 9: Measures. Source (Herrera DKP, 2004) 

k) Platform 

It is designed to carry cargo large or extra weight. It is available in the form of 

20 'and 40'. Example: rolling machinery, etc. 

 
Figure 17: Platform container. (Bonvoyageshipping, 2011) 

 

l) Livestock 

It is a container for transporting live animals, usually cage, widely ventilated, 

easy to clean and accessible to the maintenance of animals. 

 
Figure 18: Livestock container.(North Links Ferries, 2006) 
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m) Special type: Trailer 

A trailer load is a non-motorized vehicle which has at least the chassis, wheels, 

cargo area, and depending on weight and dimensions, it has brakes themselves. 

It cannot move on its own but is driven and directed by another vehicle such as 

truck-trailer. They exist in several dimensions: 

 
Figure 19: Trailer. (Modelmotor-Unión Hidráulica, 2011) 

 
EXTERIOR INTERIOR OPEN DOOR CAPACITY TARE MAX 

LOAD 

45‟ 

Length 13.72 m  Length 13.56 m Width 2.34 m 86.4 m
3
 4200 

kg 

33 t 

Width 2.44 m Width 2.35 m Height 2.60 m 

Height 2.91 m Height 2.71 m     

48 

Length 14.63 m  Length 14.48 m Width 2.49 m 86.4 m
3 

 
4200 

kg 

30 t 

Width 2.59 m Width 2.49 m Height 2.60 m 

Height 2.91 m Height 2.71 m     

53 

Length 16.15 m  Length 15.95 m Width 2.49 m 108.5 m
3 

4880 

kg 
30 t 

Width 2.59 m Width 2.49 m Height 2.60 m 

Height 2.91 m Height 2.70 m    

Table 10: Measures. Source: (American Logistic, 2011) 

4.1.2. Current regulation concerning the cleaning of container 
There are numerous organizations which make reference in their regulations about the 

transport of goods by container and the conditions that must be met, particularly with 

regard to cleaning to prevent the spread of pests and food contamination. 

 

4.1.2.1. WHO (World Health Organization) 
The World Health Organization establishes in its Revision of the International Health 

Regulations, WHA 58.3 WHO (WHO, 2005), several aspects to consider regarding the 

carriage of goods by container. They are: 

 
“Article 22 Role of competent authorities 

1. The competent authorities shall: 

(a) be responsible for monitoring baggage, cargo, containers, conveyances, 

goods, postal parcels and human remains departing and arriving from affected 

areas, so that they are maintained in such a condition that they are free of 

sources of infection or contamination, including vectors and reservoirs; 

 

(c) be responsible for the supervision of any deratting, disinfection, disinfection 

or decontamination of baggage, cargo, containers, conveyances, goods, postal 

parcels and human remains or sanitary measures for persons, as appropriate 

under these Regulations; 
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(e) be responsible for the supervision of the removal and safe disposal of any 

contaminated water or food, human or animal dejecta, wastewater and any 

other contaminated matter from a conveyance; 

(f) take all practicable measures consistent with these Regulations to monitor 

and control the discharge by ships of sewage, refuse, ballast water and other 

potentially disease-causing matter which might contaminate the waters of a port, 

river, canal, strait, lake or other international waterway; 

2. Health measures recommended by WHO for travelers, baggage, cargo, 

containers, conveyances, goods, postal parcels and human remains arriving from an 

affected area may be reapplied on arrival, if there are verifiable indications and/or 

evidence that the measures applied on departure from the affected area were 

unsuccessful. 

3. Disinfection, deratting, decontamination and other sanitary procedures shall be 

carried out so as to avoid injury and as far as possible discomfort to persons, or 

damage to the environment in a way which impacts on public health, or damage to 

baggage, cargo, containers, conveyances, goods and postal parcels.” 

 

“Chapter IV – Special provisions for goods, containers and container loading areas 
Article 34 Container and container loading areas 

1. States Parties shall ensure, as far as practicable, that container shippers use 

international traffic containers that are kept free from sources of infection or 

contamination, including vectors and reservoirs, particularly during the course of 

packing. 

2. States Parties shall ensure, as far as practicable, that container loading areas are 

kept free from sources of infection or contamination, including vectors and 

reservoirs. 

3. Whenever, in the opinion of a State Party, the volume of international container 

traffic is sufficiently large, the competent authorities shall take all practicable 

measures consistent with these Regulations, including carrying out inspections, to 

assess the sanitary condition of container loading areas and containers in order to 

ensure that the obligations contained in these Regulations are implemented. 

4. Facilities for the inspection and isolation of containers shall, as far as practicable, 

be available at container loading areas. 

5. Container consignees and consignors shall make every effort to avoid cross-

contamination when multiple-use loading of containers is employed.” 
 

4.1.2.2. European Union 
The European Union establishes in Regulation (EC) No 852/2004 OF THE 

EUROPEAN PARLIAMENT AND OF THE COUNCIL of 29 April 2004 on the 

hygiene of foodstuffs(European Parliament, 2004) following: 
 

CHAPTER IV: TRANSPORT 

1. Conveyances and/or containers used for transporting foodstuffs are to be kept 

clean and maintained in good repair and condition to protect foodstuffs from 

contamination and are, where necessary, to be designed and constructed to permit 

adequate cleaning and/or disinfection. 

2. Receptacles in vehicles and/or containers are not to be used for transporting 

anything other than foodstuffs where this may result in contamination. 
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3. Where conveyances and/or containers are used for transporting anything in 

addition to foodstuffs or for transporting different foodstuffs at the same time, there 

is, where necessary, to be effective separation of products. 

4. Bulk foodstuffs in liquid, granulate or powder form are to be transported in 

receptacles and/or containers/tankers reserved for the transport of foodstuffs. Such 

containers are to be marked in a clearly visible and indelible fashion, in one or more 

Community languages, to show that they are used for the transport of foodstuffs, or 

are to be marked "for foodstuffs only". 

5. Where conveyances and/or containers have been used for transporting anything 

other than foodstuffs or for transporting different foodstuffs, there is to be effective 

cleaning between loads to avoid the risk of contamination. 

. 
CHAPTER V EQUIPMENT REQUIREMENTS 

1. All articles, fittings and equipment with which food comes into contact are to: 

(a) be effectively cleaned and, where necessary, disinfected. Cleaning and 

disinfection are to take place at a frequency sufficient to avoid any risk of 

contamination; 

(b) be so constructed, be of such materials and be kept in such good order, repair 

and condition as to minimize any risk of contamination; 

(c) with the exception of non-returnable containers and packaging, be so 

constructed, be of such materials and be kept in such good order, repair and 

condition as to enable them to be kept clean and, where necessary, to be 

disinfected; and 

(d) be installed in such a manner as to allow adequate cleaning of the equipment 

and the surrounding area. 

2. Where necessary, equipment is to be fitted with any appropriate control device to 

guarantee fulfillment of this Regulation's objectives. 

3. Where chemical additives have to be used to prevent corrosion of equipment and 

containers, they are to be used in accordance with good practice. 

 

4.1.3. Cleaning Container 
After analyzing the above policy the need for a cleaning task in the containers before 

use becomes clear. As established by EFTCO (European Federation of Tank Cleaning 

Organization), a container is described as clean when no visible marks or smell of the 

last product carried or agents used for cleaning is left after an inspection, (EFTCO, 

2009). To achieve this it there is a need for exterior and interior cleaning of the 

container. 

 

4.1.3.1. Inspection 
4.1.3.1.1. Exterior 

Before a container can pass an external inspection and may be re-used, it must: stay 

clean, be loaded on a firm surface and sealed, and be free of the following pests 

(Ministry of Agriculture and Forestry of New Zeeland, 2011): 

- eggs of insects 

- grass  

- insects  

- nests 

- seeds 

- snails 

- land and cobwebs 
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4.1.3.1.2. Interior 
For a container to pass an internal inspection so that it can be re-used it must meet the 

following requirements: Before loading, the exporter or packer must completely empty 

the container, make sure it is clean. Also check carefully that there is nothing present of 

any of the following contaminants: 

- Animals 

- Insects and other invertebrates 

- Wraps, facing or insect eggs. 

- Any material of animal origin, such as blood, bone, flesh, hair, feathers. 

- Plants and plant products such as fruits, seeds, leaves, twigs, roots and / or bark 

- Water and / or land. 

 

During loading, ensure that the container will not be contaminated with dirt from the 

wheels of the truck or footwear. It should also be taken into account: 

- Never leave the container doors open for long, or at night, since pests can enter. 

- Never use prohibited packaging, such as straw, used tires or moss. 

- If you use lower quality wood or wood packaging material (such as boxes and 

pallets) it is imperative that the wood is new and clean, dry and free of insects 

(or sample of such attacks), bark, fungi, or rotting putrefaction. 

- Ensure that the loading area of container is free of pests. 

(Ministry of Agriculture and Forestry of New Zeeland, 2011) 

 

4.1.3.2. Current Cleaning Systems. Benchmarking 
4.1.3.2.1. Exterior 

To pass these inspections, there are companies offering to clean the outside of 

containers. Most of them perform the task manually with the presence of an operator 

equipped with a water hose at high pressure in the way as we can see in the image:  

 
Several companies that are responsible for this work are mentioned below: 

- Luckensfumigationservices. (Lukens Fumigation Service, 2011)  

- 2wglobal. (Wallenius Wilhelmsen, 2011) 

- Rensia. (Rensia Storbilvask AS, 2011) 

 

Prices for cleaning containers of 20 and 40 feet, indicated by the Australian company 

Fumigation Service Lukens, are Australian $95/hour. 

 

But nowadays there are automatic devices as well, such as developed by the Australian 

company AWH Logistics, to make this work: 
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Figure 20: Sea container washing system reached by AWH Logistics.(Reed Bussiness Information, 2011) 

This system use recycled water to clean 20-foot container in less than 5 minutes, about 

four times faster than by hand and in a more effective way since it cleans the six sides 

simultaneously. 

 

The system consists of a set of rotator nozzles that send more than 250 liters of water 

per minute during the wash cycle. This water is collected in tanks of water to wash the 

lower part, filtrate and degrease it for reuse. The system storage capacity is over 200000 

liters, enough to do without running water every time it is used.(Reed Bussiness 

Information, 2011) 

 

4.1.3.2.2. Interior 
The current procedure for conducting internal cleaning is in most cases performed 

totally manual with the presence of an operator equipped with a high pressure washer as 

we can see in the picture: 

 
Figure 21: Operator cleaning a container in a manual way. (Dynajet, 2010) 

The cleaning process usually takes one to two hours per container and the price is 

usually about $ 190 for 20 'containers and $ 220 for 40 'containers.(Grupo Cice, 2010) 

Examples of companies which perform this task are mentioned as follow: 

- Grupocice. (Grupo Cice, 2010) 

- Hapag Lloyd. (Hapag Lloyd, 2011) 

 

Recently it has appeared a Swedish company, IB cleaning AB, which performs the 

cleaning process in automatic way without use of water. They have a tool that performs 
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mobile cleaning of containers using dry ice and industrial robotics. The surface to be 

cleaned is blasted with small pellets of frozen CO2. When the pellets hit the surface at 

high speed a thermal shock occurs, the ice sublimates and the dirt is broken down to 

small particles that has to be removed with a vacuum cleaner. (IB cleaning AB, 2010) 

 

 
Figure 22: Automated blasting performed by IB cleaning AB. (IB cleaning AB, 2010) 

4.1.4. Identify Opportunities 
As it was discussed in the section of the legislation, section 4.1.2, there is an urgent 

need to clean the container after cargo transportation. Analyzing the market, we have 

seen that for cleaning the exterior there are products that make it effectively and 

automatically, but not for cleaning the interior, where most cases are manual. Although 

it already exist an automated system, this system requires other tools such as the 

vacuum cleaner. So this system is not able to accomplish the whole cleaning process 

fully automatic. Therefore there is a market opportunity if it is possible to develop a 

product which doesn't need any manual process. 

 

Therefore it is believed that there is a great business opportunity for the system to be 

developed in this thesis, since according to the Danish shipping company Maersk, about 

500 million TEUs (equivalent unit container of 20 foot) are moved annually around the 

world and this number is increasing. Therefore the possibility of developing an 

automated process for this high volume market that reduces cleaning time and increase 

efficiency, suggests that the product will be successful. 

 

The product discussed in this thesis may be offered to companies responsible for 

transporting goods that want to meet with the requirements  established by each of the 

Port Authority. However the Port itself, can offer the cleaning service instead, so they 

ensure that all its container fleet meets their standards of cleanliness, since they are the 

ultimate responsible, as we dictate the WHO in its Article 22: Role of competent 

authorities of the International Health Regulations. 

 

 

4.2. Product Definition 
In order to define the product, at the outset it should be clarified how the cleaning 

process is performed inside the container. This is done to see what tasks the system has 

to perform and when it has to act. Therefore, this section begins and subsequently the 

requirements that the product must meet are described. 
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4.2.1. Process: Interior Cleaning protocol 
As reflected the Montevideo Port Authority (ANP, 2011), the interior cleaning process 

of the container depending the load has been transported, it could be: 

a) Wash Common containers 

- Process of preparation: The containers to be washed, previously they are 

swept for the removal of large materials and they are disposed of as solid 

waste, in function of the material they are made of, thereby facilitating 

recycling. 

- After the previous step, they are washed with high pressure water, 

temperature can be utilized if necessary, thus facilitating a more thorough 

cleaning, especially in the corners. 

- The effluent is collected in a settling tank to allow separation of elements by 

density. Those decanted of higher density are disposed as solid waste. The 

water's tank returns to the collector, after examination of the history of 

washes performed, according to records and a random sampling of water 

quality. 

- Drying the container. 

b) Washing of containers which have transported products of animal origin 

without packaging 

- Process of preparation: The container is swept for the removal of large 

materials and they are disposed of as waste. Organic solids can be inspected. 

For the purposes of its disposal, they are contained in a locked tank with 

application of antiseptics and withheld until complete withdrawal volume. 

- Once completed, the container is washed with high pressure water at high 

temperature (55 ° C) with the addition of active agents and biodegradable 

disinfectants approved by the competent authority capable of neutralizing 

infectious agents. The staff boots and other implements, it should also be 

washed with the same solution. Their effluents are disposed of in a special 

tank for settling with the addition of chlorine to a concentration of 5 ppm with 

a minimum contact time of 24 hr, making a sampling water quality before to 

dispose in the collector. 

- Once the containers are washed, they are left to dry on the drainage channel 

leading to the corresponding collection tank. Once completed and in those 

cases in which the cargo may contain arthropods and insects, the process 

proceed to fumigation with insecticide agents approved by the competent 

authorities, leaving the container in ventilation. 

 

4.2.2. Requirements 
Prior to start the basic design it is necessary to analyze the general operating needs for 

completing the cleaning task inside the container. This includes generic specifications, 

i.e. the objectives to be met by the system to be considered fulfilling the task of cleaning 

the interior of the container. These requirements are conditions imposed by market 

conditions, legislation and the needs expressed by the client. 

 

4.2.2.1. Features 
As the main task, the system must be able to clean the inside of the container in an 

effective and efficient way, so that after its performance, the container can be used for 

transporting any type of load independently which load has previously been carried. In 
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this way, the goal of having a clean container will be met, to prevent the spread of pests 

as required by the rules of both WHO and the European Parliament. 

 

For reasons of manufacturing and transportation, it is expected that the system should 

be mobile, i.e. it is some transportation device that can pick the cleaning system up and 

transport it to some location where the cleaning system can be placed or the container 

cleaned can move to the cleaning system. The cleaning system should not be able to 

move by itself. Therefore, it is expected that the system as a whole can be divided into 

modules: one will be the mechanical system; another contains the water tank and the 

last module contains power supply. Each of these modules should be able to be 

introduced or installed in any standard container formats, e.g, its measures must be 

lower than the measures of standard container of 20 ', 40' or high cube. The total weight 

of each module must also be within the limits loadable for each type of container. 

 

In addition it would be good if the system could be versatile, that is, it would have to be 

possible to use it in the following versions of container:  

- Dry container 20 ' 

- Dry container 40‟ 

- High cube 20‟ and 40‟ 

- Thermal 

- Open side 

- Ventilation 

- Trailers of 45', 48 'and 53'. 

 

To be competitive in the market, the system is expected to perform cleaning work in 

less time than the time consumed via manual (1-2 hours) and slightly higher than the 

time used for automatic exterior cleaners (5-10 min). Thus agreeing with the client, it is 

understood that the automatic cleaning process should take approximately 15 minutes, 

taking into account that it will always be conditioned for prior loading (the last type of 

load carried and that nothing is still there) and degree of dirtiness, but for major cases 

the cleaning time should be close to that value. 

 

4.2.2.2. Environmental 
From the environmental point of view, the system must be environmentally friendly. 

For this reason the system should not consume too much water, or at least no potable 

(drinkable) water per use. It is expected that the cleaning process does not require a lot 

of chemicals so they can recycle water. Since it does not consider the option of using 

chemical agents, the solution for optimal cleaning is using high pressure high 

temperature water 

 

As agreed with the customer data it is believed that a temperature near 65° (or above) 

would be appropriate. Higher temperatures over this value can cause damage to the 

container structure. 

 

4.2.2.3. Electronics 
Since the system has to be an automatic process, it is expected that the system is able to 

recognize the type of container to be cleaned, run the task without human intervention 

(at least once the process is started) and learn to react to unforeseen events such as the 

presence of obstacles or collisions. Therefore it is expected that the system should be 

provided with sensors of some type. 
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4.2.2.4. Safety 
The system should be safe, ie, it must ensure both the integrity of the container itself as 

the system and the operators who are near or in direct contact with it. 

 

4.2.2.5. Process 
Based on the cleaning protocol mentioned above, the system should handle the tasks of 

pre-soak, washing, rinsing and drying, leaving out the stage of container preparation 

mentioned in the interior cleaning protocol section. 

 

In the process of cleaning, the need to clean the system itself has to be taken in account, 

since water- and detergent splashes as well as dirt will land on the system itself, which 

can act as a seed in the contamination of other containers in another washing process. 

Therefore the system must ensure non-contamination from one container to another. 

 

4.2.2.6. Materials 
Since the system will work in continuous contact with water in a humid atmosphere and 

high temperature, it will have to be considered the use of antioxidants and anti-corrosive 

materials. 

 

4.2.3. Design Criteria 
Once listed, the needs and requirements to be met by the system as a whole and as a 

summary they are grouped in the following table. In it, it's mentioned which 

requirement the system has to meet, what design criteria will be followed to meet it and 

the design of which part of the system must take this into account, understanding that 

the overall design of the product can be divided into: 

- Mechanical design 

- Electrical Design 

- Electronic design 

- Hydraulic design 

- System Programming 

 

Requirement Design Criteria System responsible 

The system moves into the 

container, not the container 

into the system. 

Transportable system Mechanical 

Device available for Trailers 

and containers in the following 

versions: Standard, Thermal, 

opening side and ventilated. 

Versatility: Dimensions of 

the system. 

Mechanical 

The system has to be 

compounded by modules in 

standard containers 

Modular Mechanical 

No contamination between 

containers. 

Auto-cleaning System Mechanical, 

Programming 

Effective cleaning High Pressure  Hydraulic, Mechanical 

Temperature ≤ 65ºC Hydraulic, Mechanical 

Low use of chemicals Hydraulic 

Keep system integrity, 

container and operators. 

Safety Mechanical, Electronic 

y Programming 
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Perform tasks of washing, 

rinsing and drying. 

Different functions Mechanical, 

Programming 

Intelligent System Recognition type of 

container. 

Programming 

Recognition of obstacles. Electronic, 

Programming 

Collision avoidance Electronic, 

Programming 

Environmental Friendly Amount of water used. Hydraulic 

Use of recycle water 

 Energy efficient  

Aggressive and humid 

environment 

Corrosive materials and 

antioxidants. 

Mechanical 

Competitive in the market Price of cleaning task ≈ 

200$ 

Mechanical, 

Programming, 

Electronic, Hydraulic 

Time max consuming 

cleaning ≈ 15 min 

Mechanical, 

Programming, 

Electronic, Hydraulic 
Table 11: Designs requirements 

As already mentioned in other parts of the report, the objective of this project is to 

design only the mechanical parts of the system, therefore the design criteria to be 

followed in the following paragraphs are those that refer to mechanics, obviously taking 

into account the rest when they interfere with the mechanical design since in most cases 

they are interrelated. 

 

Therefore the design criteria to consider and the expected value are defined: 

 

Design Criteria Value 

Transportable System  

Versatility Length 5.49 m < L < 15.95  m 

Width 2.26 m < W <   2.49 m 

 Height 2.25 m < H < 2.71 m 

Auto-cleaning System   

Effective cleaning Pressure  

Temperature > 65 º C 

 Time 15 min 

Different functions Washing System  

Drying System  

   

Materials Anticorrosive  

Antioxidant  

   

No big changes in the 

container to be cleaned 

  

Modular Fit dimensions and 

weight in a container of 

20', 40' or high cube 

 

Table 12: Design criteria 
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4.3. Concept Development 
Once we have the conditions to be met, the next task is to obtain an approximate design, 

the conceptual design. It analyzes the different requirements and it proposes a solution 

that is a priori feasible. 

 

4.3.1. Overview 
 

As mentioned in the project situation section, the project began after the results of the 

first meeting where several concept approaches were created:  

- Roof mounted: We consider the possibility of developing a system that can be 

installed in the roof of the containers, thereby facilitating a simple movement 

reducing the work of programming complex movement. 

- Floor mounted: A system that relies on the ground and can be guided by it, thus 

achieving greater stability and ease of programming task. 

- No touch: A system that enter the container without contact with it at any time, 

in order to avoid contamination and provide the system with greater mobility. 

 

4.3.1.1. Concept Generation 
Based on the above concepts are examined more in depth and possible alternatives for 

each of them are proposed. The proposed models and corresponding sketches are: 

 

A) ROOF MOUNTED: 

A.1)  Screw: 

 
Figure 23: Sketch of the first design proposed for the roof mounted concept 

 

This model consists of a structure with the contour shape of the container with a number 

of nozzles. These are expected to be activated depending on the situation of the 

structure, that is, if it is cleaning the sides, top and bottom, just the nozzles located on 

the circumference in the structure will be active. As the structure reaches the end and 

meet with the front wall, the nozzles located at the front of the structure will be 

activated. The structure may be adjustable, so it can accommodate different types of 

existing container and it works through a mechanism similar as produced in a screw 

without end. 
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A.2) Linear Guide: 

 

 
Figure 24: Sketch of the second design proposed for the roof mounted concept 

This model consists of a square structure provided with a series of nozzles, as in the 

previous model, but with the difference that the structure moves vertically in addition to 

longitudinally. The longitudinal motion would be carried out by a linear guide as can be 

seen in the following figures: 

          
Figure 25: Example of the different possible alternatives for the linear guide: Roller monorail guidance, linear 

recalculating ball bearing and guideways. (Schaeffler group, 2011) 

A.3) Rack and pinion system: 

 
Figure 26: Sketch of the second design proposed for the roof-mounted concept 

 

This model consists of two rotating cylinders fitted with nozzles, as in previous models, 

with the difference that the system uses the rotational motion (driven by the water jet 

forces) to move longitudinally. The mechanism is similar to a rack and pinion. 
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B) FLOOR MOUNTED 

B.1) Pneumatic wheels: 

 

 
Figure 27: Sketch of the first design proposed to the floor mounted concept 

 

This model consists of an articulated arm, supported on two pneumatic wheels that can 

turn on themselves, a mechanism similar to the landing gear of an aircraft. The model is 

completed with the presence of a small structure equipped with hoses. Due to the 

rotating movement of the wheels it is capable of reaching all the walls of the container. 

 

B.2) Rails: 

 
Figure 28: Sketch of the second design proposed to the floor mounted concept 

This model consists of a telescopic arm supported on metal wheels guided along two 

rails with the presence at the end of a rotating rectangular structure bearing nozzles. 
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C) NO TOUCH: 

C.1) Individual telescopic arm supported in a car: 

 

 
Figure 29: Sketch of the first design proposed to the No Touch concept 

 

This model consists of a telescopic arm with double rotation. One rotation axis on the 

axle of the arm itself and another in the joint axis between the support arm of the hose. 

This configuration has the degrees of freedom necessary to reach any part of the 

container. In addition the model adds a wheeled cart to be inserted into the bottom of 

the container allowing for greater stability and becoming a mobile system. 

 

C.2) Telescopic arm with rotator structure and cart support 

 
Figure 30: Sketch of the second design proposed to the No Touch concept. 

The model consists of a telescopic arm with a wheeled cart as the previous model, but 

with the difference that the structure responsible for cleaning is a rotating rectangular 

structure with series of nozzles. 
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C.3) Telescopic arm with several hoses and cart support 

 
 

 
Figure 31: Sketches of the third design proposed to the No Touch concept 

The model consists of a telescopic arm with a wheeled cart as in previous models, with 

the addition of a structure equipped with several hoses. This structure is articulated, so 

that the rotation of the arm itself and the rotation in the joint are able to reach all parts of 

the container. 

 

4.3.1.2. Concept Selection 
4.3.1.2.1. Methodology 

Once raised all models, to the process proceed to evaluate them for choosing the most 

useful model. It does so by the following methodology, which consists of several stages: 

- Stage 1: Each model will be analyzed individually trying to find the positives 

and negatives for each. 

- Stage 2: To contrast the results of the first stage a comparative analysis between 

all models is carried out, based on a range of aspects expressed in a matrix. For 

that, a reference model will be selected amongst the qualified models and the 

rest of them will be compared criterion by criterion as "better " (+), "same" (0) 

or worse (-) that the reference. 

After rating all the concepts, we sum the number of "better than", "same as" and 

"worse than" scores and enter the sum for each category in the lower rows of the 

matrix. Next, a net score will be calculated by subtracting the number of "worse 

than" ratings from the "better than" ratings. Once the summation is completed, 

we'll make rank-orders the concepts. 

Once this task, it is made a classification to see which models have had a better 

score and decide which one is going to further research, which one not or if it is 

necessary to combine some solutions to get better. 
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4.3.1.2.2. Results 
 In this section the results after a concept selection meeting is presented. In the 

meeting the models seen in the previous section was examined. The outcomes agreed by 

all parties attending the meeting are listed below: 

 

1
ST

 STAGE: PROS AND CONS 

 

PROS · Better process control, since the forward movement is guided. 

· Programming task easier.  

· If containers are stacked linear to each other you can wash 

many containers at the same time. 

CONS · The forward mechanism needs lubrication, which causes need 

to be clean after use 

· Low stability of the platform that rises and falls 

· The number of facilities required is very large compared with 

the existence of cleaning machines. 

· Often there are partitions within the container for transporting 

loads of various kinds, at different temperatures, installing the 

roof difficult this task. 

COMMENTS · With a custom-built container, cleaning would be easier. 

· Consider option to create rotation in the platform to use as a 

propellant for the forward mechanism  
Table 13: Pros and cons for Models A.1 (Screw) and A.2 (Linear Guides).   

Note: It was decided to analyze both models simultaneously because there are a large number of common 

characteristics between them. 

 

 

PROS · Better process control, since the forward movement is guided. 

· Programming task easier.  

· If containers are stacked linear to each other you can wash 

many containers at the same time. 

· Lets you use water as a self-propelling force for the advance 

mechanism 

CONS · The forward mechanism needs lubrication, which causes need 

to be clean after use 

· Less accuracy 

· The number of facilities required is very large compared with 

the existence of cleaning machines. 

· Often there are partitions within the container for transporting 

loads of various kinds, at different temperatures, installing the 

roof difficult this task. 

COMMENTS  
Table 14: Pros and cons for Model A.3 (rack-pinion system): 
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PROS · No changes in the container are needed. 

· Not such a rigid design is needed since it is supported. 

· Not as flimsy as a movement with motor at base. 

· Wheel solution a bit cheaper than only hydraulic arm. 

CONS · Task control and programming more complex. 

COMMENTS · The idea is good, but the scale of the sketch is too large, there 

should be more movement. 

· Systems with linear movements provide the ability to 

concentrate water at one point more dirty a feature not offered 

on systems with rotary motion. 
Table 15: Pros and cons for model B.1 (pneumatic wheels): 

 

 

PROS · It facilitates the programming task because forward 

movement is guided 

· Not such a rigid design is needed since it is supported. 

CONS · It requires changes in container 

· It can difficult the collection of water for reuse. 

COMMENTS · Replace the railway wheel with a cone-type of wheel. You get 

better grip when it touches the surface. Also you can use 

minimal grooves or rails in the floor. 
Table 16: Pros and cons for model B.2 (rails): 

 

PROS · Allows the system is mobile, therefore it can move between 

containers while they remain static. 

· It doesn't generate any extra dirt, prevents contamination 

between containers 

· Extract and retract may be regulated in height. 

CONS · Task control and programming more complex. 

· Since it's a mobile system, it can complicate the task of 

collecting wastewater 

COMMENTS · The cart can function as the supporting legs as in a mobile 

crane.  

· If it loses too much water, is it possible to have a tank with 

the necessary water?  

· At least 3000l is needed for a 20-foot container, of which only 

200 l will be new water for rinsing the container, 
Table 17: Pros and cons for model C.1 (telescopic arm individual supported in a cart) and C.3 (telescopic arm 

with several hoses supported in a cart). 

 Note: It was decided to analyze both models simultaneously because there are a large number of common 

characteristics between them. 
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PROS · Allows the system to be mobile, therefore the system can move 

between containers while the containers remain static. 

· It doesn't generate any extra dirt, prevents contamination between 

containers. 

· Extract and retract may be regulated in height. 

CONS · As mobile system, the task of collecting wastewater can be 

complicated. 

· It may appear serious stability problems with the rotational 

movement of the structure. 

COMMENTS · The cart can function as the supporting legs as in a mobile crane.  

· The structures with nozzles complete the process more quickly. 

 
Table 18: Pros and cons for model C.2 (telescopic arm with several hoses and cart support): 

2
nd

 STAGE: COMPARATIVE ANALYSIS 

 

 CONCEPTS 

CRITERIA A.1/A.

2 

A.3 B.1 B.2 C.1 C.2 C.3 

COMPLETION OF THE PROCESS 

- Time 

- Effectiveness 

- Stability 

- Accuracy 

 

0 

0 

- 

+ 

 

0 

0 

- 

+ 

 

0 

0 

+ 

+ 

 

+ 

- 

+ 

- 

R
E

F
E

R
E

N
C

E
 

 

+ 

- 

- 

- 

 

+ 

+ 

- 

0 

       

MANUFACTURING EASE 

- Possibility of light materials 

- Low complexity parts 

- Cost 

 

+ 

+ 

+ 

 

+ 

+ 

+ 

 

+ 

+ 

+ 

 

0 

- 

- 

 

- 

- 

- 

 

0 

+ 

+ 

       

EASY TO INSTALL ELECTRONIC 

DEVICE 

- Sensors 

- System programming 

 

 

+ 

+ 

 

 

+ 

+ 

 

 

- 

- 

 

 

0 

+ 

R
E

F
E

R
E

N
C

E
 

 

 

0 

+ 

 

 

0 

0 

       

SIDE EFFECTS 

- Geometric modifications of container 

- Need to clean the system itself 

- Control of machinery and overview 

(maintenance) 

 

- 

- 

- 

 

- 

- 

- 

 

+ 

0 

0 

 

- 

0 

- 

 

0 

0 

0 

 

0 

0 

0 

       

FUNCTIONALITY 

- Use in all types of containers 

- Incorporation drying system 

- Ease of connection to the container 

 

- 

0 

- 

 

- 

0 

- 

 

0 

0 

0 

 

- 

0 

- 

 

0 

0 

0 

 

0 

0 

0 

       

SCORE 
Sum +‟s 

Sum 0‟s 

Sum –„s 

NET SCORE 

 

6 

3 

6 

0 

 

6 

3 

6 

0 

 

6 

7 

2 

+4 

 

3 

4 

8 

-5 

 

2 

7 

6 

-4 

 

4 

10 

1 

+3 

       

CLASIFICATION 3 3 1 5 4 2 
Table 19: Comparative analysis of the different designs proposed. 
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3
th

STAGE: CONCLUSION 

After the analysis, we discard to use the options that include installing the system in the 

roof based on a number of reasons:  

- For the changes to be made in the container 

- Installation complexity 

- The need to clean the dirt created by the system. 

 

As for other solutions, the best qualified are the options including the pneumatic wheels 

(model B1) and a telescopic arm with several hoses (C2). But no solution fully satisfies 

all the requirements, although this possibility can be achieved by combining several of 

the concepts shown. It is therefore concluded the need for further refinement 

 

4.3.2. Split Vision 
Due to the wide range of combinations that the previous models of the entire 
system have, it's decided to split the whole system into several subsystems. So the 
concepts identification, from the existing models, is facilitated. In this way, the 
developing of new concepts to get a more satisfying and refined model to the stage 
Design in Detail are propitiated. 
 
For the division it is decided by selecting: 
1. How will be the cleaning mode. 
2. Cleaning head architecture 
3. Type of instruments installed on the cleaning head. 
4. Movement of the cleaning head 
5. Type of support structure. 
6. Lateral movement, vertical and forward. 
7. Auxiliary support system  
8. External support system 

 
Figure 32: Methodology used in the split vision 

As most of these aspects are interrelated, it follows the process shown in the figure 

above, which sets the order in which the concepts will be analyzed and adding new 

ideas for each one. As we can see it starts by addressing aspects of the system that are 

far from the base and the development continues with the other parts until coming to the 

base  part. It is understood that the development of one part affects the development of 

the next one, for that reason all the possibilities for each subsystem will be analyzed. 

Once all the concepts and ideas are explained, it will come back (dashed line) to select 

the best one of each category. Finally the concept selected are combined in one model 

that meet the requirements. 

 
4.3.2.1. Concept Generation 

This section refers to mention and explain the various alternatives identified for each 

part of the process. 
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4.3.2.1.1. Cleaning mode 
The cleaning system can make the task in different ways, the alternatives proposed are: 

- Wall by wall, that means, the system cleans one wall and when this one is 

finished it continues with the next one and so forth. 

 
Figure 33: Sketch about the “Wall by wall” concept 

- Areas. The container can be split in different regions and the system cleans 

region by region. This region can involve several walls. 

 

 
Figure 34: Sketch about the “Areas” concept 

- Several walls simultaneously. The system cleans areas of several walls at the 

same time. 

 
Figure 35: Sketch about the “Several wall simultaneously” concept 

 

4.3.2.1.2. Cleaning head architecture 
The cleaning head shape is highly related with the type of tool that it contains, but in 

general the cleaning head could be: 

- A platform with several cleaning tools in the same structure but in different 

positions. That is, there are several action lines. 
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Figure 36: Sketch about “platform” concept 

- Individual system with only one tool to meet the cleaning task. That is with just 

one action line. 

 
Figure 37: Sketch about the “Individual system” concept 

 
4.3.2.1.3. Type of cleaning head 

The type of tools used in the cleaning head it will be highly related with the architecture 

of the cleaning head. So in function of it and with the purpose to perform all the 

operations of the cleaning (pre-soak, washing, drying..), the tools will be able to set as: 

 

- Multi-tool: Having a head with several tools arranged along a single structure 

which would be rotated to select the right tool according to the needs of the 

process. 

 
Figure 38: Sketch about the “Multi-tool” concept 

With this concept the action line is just one and it is always in the same position. 

The tools change its position to be on the action line when they are working.  
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- Individual Tools. The system does not have to integrate all the tools in the same 

structure, different structures could be interchangeable for each of the work of 

the cleaning process. 

 
Figure 39: Sketch about the “Individual Tools” concept 

- Tools in series. The system could consist of a single structure with several tools 

arranged one after another, which are activated according to process 

requirements. 

 

 
Figure 40: Sketch about the “Tools in series” concept 

In this concept the tools are fixed in a position and the action line change the 

position (or is activated) in function of the process. 

 

4.3.2.1.4. Cleaning head motion 
This section refers to the possible moves that the cleaning head could perform. They are 

as follow: 

- Rotary. The cleaning head just rotates all the time spraying the washing 

components in all directions. 

 
Figure 41: Sketch about the “Rotary” concept 

 

An example of this concept, they are the models B2 and C2 shown in the section 

4.3.1.1 
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- Linear. The cleaning head is only moved by linear movement up and down and 

small rotations to change to the cleaning section. 

 
Figure 42: Sketch about the “Linear” concept 

An example of this concept, they are the models A1 and A2 shown in the section 

4.3.1.1 

 

4.3.2.1.5. Type of support structure 
This section refers to which kind of structure is going to support the cleaning head. 

Based on the results of the previous concept selection for the whole system, , mentioned 

in section 4.3.1.2.2, the support structure should be a telescopic arm.  However, there 

exist different alternatives for it: 

 

- Common telescopic arm. The system would be compound for a common 

telescopic arm, that is, a structure with several sections one inside the previous 

one and which can deploy using hydraulic pistons to move forwards and back. 

At the end of this arm the cleaning head will be assembled. 

 
Figure 43: Sketch about the “Common telescopic arm” concept 

 

- Telescopic arm split. The system would be a common telescopic arm but it 

would be split with a revolution joint between two sections of the arm to 

facilitate the moves of the cleaning head. 

 
Figure 44: Sketch about the “Telescopic arm split” concept 
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4.3.2.1.6. System Movements 
 

Regarding the movements that the system can realize, they depend on the cleaning head 

design and how to move it. So decision regarding cleaning head design will also affect 

which additional movements are required at a system level. In a general idea the system 

will look as follow: 

 
Figure 45: Rough sketch about the whole cleaning system  

Based on it, the possible movements and theirs alternatives are: 

 

- Lateral. The movement of right to left could be made: 

 

 From the base, that is, from where the telescopic arm is fixed trough a 

structure installed in the base which allow movement of the system 

laterally in a linear way. 

 
Figure 46: Sketch of the “From the base” concept from a top view of the system 

 

 

 

 

 In the arm, that is, the arm can rotate where it is fixed and move all the 

structure. 

 
Figure 47: Sketch of the “In the arm” concept from a top view of the system 
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 In joint revolution. The arm can't move and the lateral move is achieved 

pivoting the cleaning head and the split part of the arm over the joint 

revolution 

 
Figure 48: Sketch of the “In joint revolution” concept from a top view of the system 

. 

- Vertical. The up and down movement could be made: 

 From the base. The part where the telescopic is fixed can include an 

extra hydraulic piston to lift all the structure. 

 
Figure 49: Sketch of the “From the base” concept from a lateral point of view of system 

 In joint revolution. The arm can't move and the movement up and down 

is achieved pivoting the cleaning head and the split part of the arm over 

the joint revolution. 

 
Figure 50: Sketch of the “In joint revolution” concept from a lateral point of view of system 

- Horizontal. The movement forward and backward can be realized: 

 In the arm, that is, the only movement is the deployment of the different 

sections of the arm. 
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Figure 51: Sketches of the “In the arm” concept from a lateral point of view of system 

 From the base, the movements are the deployment of the sections of the 

arm and the base trough rails. 

 
Figure 52: Sketches of the “From the base” concept from a top point of view of system 

 A combination of the two sections mentioned above. 

 

4.3.2.1.7. Auxiliary support system 
In the case that it is necessary the arm could be supported using: 

- Wheels, that means, a structure with wheels to roll over the floor. An example of 

this concept is the model B1 in section 4.3.1.1. 

- Rails, that is, a structure with metal wheels guided along two rails installed on 

the floor of the container. An example of this concept is the model B2 in section 

4.3.1.1. 

 

4.3.2.1.8. External support system 
In the case that it is necessary to fix all the system and improve the stability the 

following could be used: 

- Folding legs outside the system similar to those used in cranes or trucks. 

- Cart, to be introduced below the container. 

- Fixation to the ground 

 

 



 

 

45 

Francisco Javier Rodríguez Pérez 

4.3.2.2. Concept Selection 
In this section the concepts for each category are analyzed searching pros and cons to 

select the best one. 

4.3.2.2.1. Cleaning mode 
 

WALL BY WALL 

PROS - Accuracy. If each wall is cleaned independently it is 

easier to focus the system in a particular area, which is 

dirtier. 
CONS - A lot of movements required and they will be repeated, 

since they will be the same in each wall, e.g., forward 

and backward. 

- Slowest method, due of the amount of movements.  

- Cleaning up a wall is affected to cleaning the following 

since when the system sprays the cleaning products 

splash will appear in the rest of the walls. 
  

AREAS 

PROS - Balance between accuracy and speed. That is, as the 

system cleans region of several walls, less movements it 

will be necessary in compare with the method "Wall by 

wall" and also it will be easy to focus the system in one 

area if it is dirtier.  
CONS - As the previous method, the complete cleaning up one 

region affect the regions closest, since splash can appear. 

- Too many movements required and some of them are 

repeated. 

 

SEVERAL WALLS SIMULTANEOUSLY 

PROS - Quicker method than the previous one since the 

movements required is a few and none is repeated 

because when the system goes forward all the walls are 

cleaned. 

- A high uniform level of cleaning is achieved in the most 

parts of the container when cleaning all walls at the same 

time since all parts receive the same conditions of 

pressure, flow rate and cleaning time. While in the other 

methods the system can spray more time one area than 

the others, it causes different levels of cleaning.   

 
CONS - Higher specific consumption for the system (water, 

energy,…) 

 
Note: It is taken the assumption that the specific time required to clean each wall is always the 

same and it is independent the method used. So when it is cleaning two walls at the same time, 

the total cleaning time is half than if each wall is cleaned separately. 

Table 20: Analysis of alternatives cleaning mode 

The best solution is to clean as many walls as possible at once, because an important 

requirement of the system is the speed (or time for one cleaning), to be competitive in 
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the market, and this method is the quickest since the speed of the cleaning arm is the 

same when cleaning one side or several at the same time. Another important reason is 

the uniform level that could be achieved (since all sides are cleaned equally much). 

Regarding the water consumption, when it is cleaning all sides at the same time a larger 

amount of water is needed in a certain timeframe. Although the total amount of water 

will be the same as for cleaning single sides at a time (it is the same surface area that 

needs to be cleaned). However, the total cleaning time may affect the energy 

consumption. 

 

4.3.2.2.2. Cleaning head architecture 

PLATFORM 

PROS - Possibility to contain several tools since it has several 

action lines. 

- Decrease the time of cleaning avoiding the change of 

tools. 
CONS - Higher weight of the cleaning head than the individual 

solution. 

 

INDIVIDUAL 

PROS - Lightweight cleaning head. 

 
CONS - Increase the time of cleaning since it will need the change 

of tools to perform all the task of cleaning.  
Table 21: Analysis of alternatives cleaning head  

 

Since the time aspect is more important the platform solution will be selected since it 

will make the task quicker and enables the possibility to add different tools to it. 

Regarding the weight problem it can be avoided using lightweight materials. 

 
 

4.3.2.2.3. Type of cleaning head 
 

MULTI-TOOLS 

PROS - Quickness to change one cleaning task into another since all 

the tools needed are in the same cleaning head. 
CONS - High complexity of the system, since all the functions 

(washing, drying) are fitted in one piece. So the risk of mix 

the flow of water and air, exists while the system is changing 

the tool. 

- Increase size of cleaning head 

 

INDIVIDUAL TOOLS 

PROS - There is no contamination between processes since the tools 

for each function are completely separated.  
CONS - Increase the total time of cleaning while changing the tool. 

- Complexity of the system which perform the change of the 

structures 
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TOOLS IN SERIES 

PROS - Easy to assemble different structures responsible for 

different task on a single platform.  

- Quickness to change one cleaning task into another 
CONS - Increase the weight of the cleaning head 

Table 22: Analysis of alternatives of cleaning heads 

The option chosen is „tools in series‟ because it is the option that better combine the 

possibility to integrate the cleaning and drying tasks in the same structure avoiding loss 

of time while changing tasks. 

4.3.2.2.4. Cleaning head motion 

ROTARY 

PROS - The cleaning can be better than in the linear case since if the 

cleaning head is rotating, the water will impact with an 

angle, not perpendicular and it can facilitate to remove the 

dirtiness. 

 
CONS - Difficulty passing the water pipe to the rotary head. Need of 

complex mechanisms: Swivel connection. 

- If the design is similar as the model C2 shown in section 

4.3.1.1, a higher demand for pressure will be needed to get 

an acceptable level of cleanliness since the cleaning distance 

is larger than in linear solution to enable the turning of the 

cleaning head without crashing with the container walls. 

 

 

LINEAR 

PROS - Easy to drive the water 

- It doesn‟t require complex connections 
CONS - It can increase the time of cleaning if the cleaning head 

requires a lot of movements. 
Table 23: Analysis of alternatives cleaning head motion 

The choice in this section is the linear movements for the cleaning head mainly due to 

the reduction of complex parts for transporting fluid when rotating.  

4.3.2.2.5. Type of support structure 

COMMON ARM 

PROS - It is an existing technology 

- It can be bought 
CONS - Less ability to move 

 

TELESCOPIC ARM SPLIT 

PROS - Decrease the movements necessary in the cleaning head or it 

can complement it. 
CONS - High cost, it is a technology that need to be developed 

- Depending of the weight of the cleaning head there might 

occur problems in the revolution joint to achieve the 

movements. 
Table 24: Analysis of alternatives of type of support structure 
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A common arm is selected because it is an existing technology that can be bought; so 

that the total cost of the product will be less than if it is necessary to develop a new 

technology. 

 

 

4.3.2.2.6. Movements 
As mentioned in the previous section, the movements is highly related with the final 

architecture of the cleaning head, but in general it can be said that to reduce the 

complexity of the system, and therefore decrease the final price of the product, complex 

movements should be avoided. That is, up and down movements in joints, as shown in 

the model C3 section 4.3.1.1, are discarded for the problems (high torques) that can 

appear due to the weight of cleaning head..  

 

4.3.2.2.7. Auxiliary support system 
As discussed in the previous section for the whole system, section 4.3.1.2.2, in the case 

that an auxiliary support is necessary, due to stability, wheels are better than rails 

because they don‟t add any change in the container. 

 

4.3.2.2.8. External support system 
The decision about what alternative should be used will be taken when the whole 

system is developed. In that moment the system will be analyzed to discover if it is 

necessary to add an external support. The alternatives proposed will be evaluated to 

figure out which one will fit better. 

 

4.3.3. Putting together all the parts 
As a summary and with the selection performed in the previous section, it can be 

concluded that a good solution has to meet the followings requirements:  

• The cleaning system has to be one; such it is possible to clean several walls 

simultaneously. To achieve this, it is considered that it should be a platform or a 

kind of structure in which it is possible to fit nozzles to spray the cleaning 

product (chemicals, water, and air) towards the walls of the container.  

• Also to make the product more complete the system should be compounded by 

different structures willing one after another to perform the cleaning and drying 

task.  

• The way to reach this should be trough linear movements of the cleaning head or 

little rotations where the water is not involved.  

• It would also be beneficial that the cleaning head can be fitted too the telescopic 

arm with a commonly available interface. Regarding the movements that the 

whole system can make there is big freedom, but it should try to avoid difficult 

movements that require a complex systems, therefore the sort of movements that 

the arm could perform should be such as turning over the base and lift on it 

where the telescopic arm is placed.  

• In the case that it is necessary to use more support systems, for internal solutions 

pneumatic wheels should be used and for external solutions a cart or folding legs 

could be used depending how the system looks. 

 

According with these requirements it is decided to develop in the detail design the 

model concept shown in Figure 53: 
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Figure 53: Sketch about the concept selected to the detail design 

This model consists in a cleaning head structure with a rectangular shape provided with 

nozzles around all the structure over the lateral, upper and lower edges. Three action 

lines compose the structure. The front most position contains the water distribution 

structure, in the position closet to the arm the structure providing air for drying is 

located and between them is the detergent structure. All structures are split in halves 

along the vertical center axis, one on the right and the other one on the left. This is done 

to achieve to cleaning of the containers front wall at the end of the cleaning path with 

simple movements. The structures are held by a common telescopic arm, which will be 

installed inside at standard shipping container. All the structure has to be possible to be 

stored inside of the shipping container.  

 

The system operation is as follow: In an initial position, the telescopic arm is positioned 

in the storage container with the cleaning head open in a rectangular shape. When the 

process of cleaning starts, the telescopic arm deploys its sections and the cleaning head 

moves towards the inside of the container to be cleaned. The process starts spraying 

water and detergent. When the cleaning head is close to the frontal wall, a mechanism, 

inside the cleaning head, starts to fold the cleaning head halves until they reach a 

parallel position, in this way it is possible to reach the corners and the front wall. In the 

bottom of the sketch shown in Figure 53, it is possible to see the movements that the 

mechanism should perform. Then the cleaning head is going back just spraying water to 

remove the detergent. At the end, the cleaning head repeats the process but just spraying 

air to dry the container. 

 

This design is selected to further development in the detail design for several reasons: 

- It meets the requirement to clean as many walls as possible at the same time. 
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- It is a quicker method since it has all the tools in one structure. So there is no 

need for exchanging tools at the storage container or have complex mechanics to 

rotate single tools into operating position. 

- It is a simple solution with few moveable parts, so it won't need a complex 

programming neither complex mechanism. 

- It is compatible with the idea to use a common telescopic arm. 

 

To design the cleaning head it is important to not exceed load limits for this kind of 

arm. To account for this light materials have to be considered. However, in case that it 

is not possible to make it as lightweight due to stability in the arm during the cleaning 

process the idea to add an additional support structure with wheels can be considered as 

an option. Also using antioxidants and anti-corrosive materials compatible with the 

work environment needs to be considered. 

 

4.3.4. Identification of existing products 
As in the previous section, the system will be composed by; a telescopic arm, a base and 

a cleaning head mounted inside a shipping container. Regarding the telescopic arm there 

is a big range in the market that can be useful for this design with little changes to fit 

with our needs.   

 

I present a few examples of possible solutions: 

 

 Cranes: HIAB XS 111 E-5 HiDuo 

 
Figure 54: Specifications of HIAB XS 111 E-5. Source (HIAB, ) 
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In the specifications (outreach, lifting capacity) there are several models that can be 

used in this design in function of the scope desired. But in the worst case, that we want 

to have large scope the model E-5 HiDuo is valid since it has a horizontal scope of 14 m 

and it's able to hold 480 kg, enough for our pretensions. Also the dimensions of the 

product are inside of the range of measures of standard containers, as we can see in the 

next picture:  

 
Figure 55: Measures of the HIAB XS 111. (HIAB, ) 

 Telescopic arms in platforms: 

 
Figure 56: Specifications for telescopic arm BT 210. Source (Lavedon, ) 

 

There is also a big range of models useful of that kind of machines. I mention here one 

as an example. This kind of technology can be used with some changes: it would be 

necessary to remove the basket to lighten the weight of the system and to assemble the 

cleaning head. The wheels can be removed and the base of the crane could be fixed on 

the container floor keeping the possibility of rotating it. That solution is valid because 

although as we can see in the specifications its height (3m) and its width (2.49m) are 

higher than the height (2.89m) and width (2.43) of a high cube container, however these 

measures are with the wheels included. Therefore it is assumed that the height and the 

width will be inside the range allowed if wheels are removed. Besides its weight, even 

being heavy, it's inside the range of loadable values (40‟high cube: 29t). Also it is able 

to hold a big load in a large horizontal scope.   

 

4.3.5. Selection of parts to design 
To realize the system it will be necessary to make detailed design and analysis about the 

cleaning head since there is no existing design for internal cleaning and also that it was 

shown in the previous section that it is possible to use an existing telescopic arm to 

solve the movement in and out of the container cleaned. For that reason the detail 
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design is going to be focused on the cleaning head part to develop a feasible structure 

compatible with the specifications of the arms and the dimensions of the standard 

containers. 

 

4.4. Detail Design of Selected parts 
This section aims to describe the design process followed starting from the pre-defined 

concept model.  

 

Based on the concept model idea the cleaning head can be divided in the following 

subsystems:  

- Cleaning arc: This part is composed by the systems responsible to spray the 

water and the detergent. 

- Dryer system: This part is responsible to perform the drying operation. 

- Support Structure: This part contains the structure where the cleaning arc and 

dryer system is going to be attached to as well as a shaft to which the 

movements are transmitted. 

-  Mechanical system: This aims to perform the movements between both halves 

of the cleaning arc structure. 

- Joint: It is the part that supports the mechanical system and connects the support 

structure with the telescopic arm. 

 

4.4.1. Cleaning arc 
The cleaning arc should meet the tasks: 

· Pre-soak 

· Wash 

· Rinse 

Analyzing existing cleaning systems for other similar applications, it was thought that a 

similar cleaning arch from a tunnel car wash, could meet the task above mentioned in a 

correct way. However, instead of putting the arch outside the product to be cleaned, it 

was thought to be set inside the container. Therefore in a similar way, the system can be 

composed by one pipe for water and another pipe for the detergent with nozzles 

attached in each one. To decide what kind of nozzles that fit for each function there are 

several theoretical aspects that should be considered since the spray nozzles are 

precision components designed to work at specific performance with specific 

conditions. 

 

4.4.1.1. Theoretical aspects of nozzles 
- Spray patterns: 

In function of the spray pattern, the nozzles can be useful for specific types of work. In 

the next chart it's shown some of the range that exists: 

 
TYPE SPRAY 

PATTERNS 

SPRAYING 

ANGLE 

COMMENTS 

Hollow Cone 

(Whirlchamber-

Type) 

 

40º to 165º A good interface between air 

and drop surface is 

provided. Its use is 

recommended in 

applications where it is 

required a combination of 

small drop size and capacity. 



 

 

53 

Francisco Javier Rodríguez Pérez 

is required. 

Hollow Cone  

(Deflected-

Type) 

 

100º to 

180º 

An "umbrella" hollow cone 

from spray pattern is 

achieved with the use of a 

deflector cap. 

Hollow Cone 

(Spiral-Type) 

 

 

50º to 180º Provides a high flow of 

liquid. 

Full Cone 

 

 

15º to 125º A full spray pattern 

coverage is provided with 

medium-to-large flow rates . 

Full Cone 

(Spiral-Type) 

 

 

50º to 170º Provides relatively thick 

drops with a spray pattern 

cone filled with a minimum 

flow obstruction. 

Flat Spray 

(Tapered) 

 

 

15º to 110º Used in header for uniform, 

overall coverage across the 

impact area. 

Flat (even) 

 

25º to 65º A uniform distribution 

throughout the spray pattern 

is provided. 

Flat Spray 

(Deflected-

Type) 
 

15º to 150º The spray pattern is formed 

when the liquid out 

by a round hole and collide 

with deflector surface. 
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Solid Stream 

 

 

0º Provides the greatest impact 

per unit area. 

Atomizing 

(Hydraulic, 

Fine Mist) 
 

 

35º to 165º Used to produce sprays 

finely atomized in 

applications where it is not 

recommend to use 

compressed air. 

Air atomizing 

and Air 

Assisted 

 

 

 Produced by atomization 

combination of air pressure 

liquid. 

Table 25: Spray patterns. Source (Spraying System Co, ) 

- Capacity: 

Spraying pressure influences nozzle capacity. In general flow rate and pressure 

are related as follow (Spraying System Co, ) 

: 

  

  
 

    
 

    
 

 

Equation 1: Relationship between flow rate and pressure. (Spraying System Co, ) 

Q: Flow rate (in gpm or l/min)  

Pi: Liquid pressure (in psi or bar)  

n: Exponent applying to the specific nozzle type 

- Specific Gravity: 

As mentioned by Spraying System Co in the brochure "Spraying performance 

consideration" (Spraying System Co, ): 

 Specific gravity is the ratio of the mass of a given volume of liquid to the mass of the 

same volume of water. In spraying, the main effect of the specific gravity of a liquid 

(other than water) is on the capacity of the spray nozzle. To determine the nozzle 

capacity when is used a liquid other than water it can be used the Equation 2: 
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Equation 2: Capacity of a liquid different of water. (Spraying System Co, ) 

 

- Spraying angle and coverage: 

As mentioned by Spraying System Co in the brochure "Spraying performance 

consideration" (Spraying System Co, ): 

In actual spraying, the effective spray angle varies with spray distance. Liquids more 

viscous than water form relatively smaller spray angles (or even a solid stream), 

depending upon viscosity, nozzle capacity and spraying pressure. Liquids with surface 

tensions lower than water will produce relatively wider spray angles than those listed 

for water. 

 

To get an estimate of the theoretical coverage of spray patterns, it's possible to take the 

assumption that the spray angle remains the same throughout the entire spray distance. 

In actual practice, the spray angle does not hold for long spray distance, so for that 

reason the nozzle should be a bit over dimensioned. 

(Spraying System Co, ) 

 
Figure 57: Spray parameters 

 

- Spray Drop Size: 

As mentioned by Spraying System Co in the brochure "Spraying performance 

consideration” (Spraying System Co, ): 

Accurate drop size information is an important factor in the overall effectiveness of 

spray nozzle. Drop size refers to the size of the individual spray drops that comprise a 

nozzle‟s spray pattern. Each spray provides a range of drop sizes; this range is referred 

to as drop size distribution. Drop size distribution is dependent on the spray pattern 

type and varies significantly from one type to another. The smallest drop sizes are 

achieved by air atomizing nozzles while the largest drops are produced by full cone 

hydraulic spray nozzles. 

Liquid properties, nozzle capacity, spraying pressure and spray angle also affect drop 

size. Lower spraying pressures provide larger drop sizes. Conversely, higher spraying 

pressures yield smaller drop sizes. Within each type of spray pattern the smallest 

capacities produce the smallest spray drops, and the largest capacities produce the 

largest spray drops. 

(Spraying System Co, ) 

 

- Impact: 

The impact is a good measure to evaluate the effectiveness to a spray nozzle 

performance. It can be expressed in several ways, but the most useful impact value with 

regard to spray nozzle performance is the impact per square cm. The main factors that 
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affect its value are spray angle, spray pattern distribution and spray distance. The 

theoretical total impact value can be calculated with Equation 3: 

         
Equation 3: Impact of the impingement of spray onto the target surface. (Spraying System Co, ) 

I: Total theoretical spray impact (kg/cm
2
) 

K: Constant (It's calculated by experimental testing and it's function of the spray 

distance) 

Q: Flow rate (l/min)  

P: Liquid pressure (kg(cm
2
) 

 

To obtain the real impact per square cm [kg-force per square cm] of a given nozzle it's 

necessary multiply the theoretical value by a percentage which is function of the spray 

pattern, spray angle and the distance. 

(Spraying System Co, ) 

 
4.4.1.2. Design of Water pipe 

To be able to decide the dimensions of the water pipe, it is necessary to figure out some 

critical values of different aspects that were described in the previous section. These 

values will affect the effectiveness of the cleaning system. Most of these values are 

calculated by experimental testing in function of  the kind of dirtiness and the level of 

cleaning desired, but following the similarity with the car wash arch and following 

some recommendations, as the spray distance, pressure or spray angle, from Spraying 

System Co, a specialized in nozzles manufacturing, they can be estimated for this 

design.  

 

Spraying System Co recommends the following this kind of cleaning: 

 

· high pressure should be used.  

· Medium flow rate. 

· High impact. 

· Narrow spray angles. 

· Large drop size 

Based on the brochure about the "Spray Products for Wash Car Industry" (Spraying 

Systems Co, ), values for each one will be decided. 

  

The first step is to select the spray distance and according with the recommendations 

given by Spraying System Co, it's decided that 8 inch (d1= 203,2 mm) can provide a 

good value of impact. Then with the purpose to know how many nozzles are needed, it 

is decided to use a α1 =50º as spray angle. With this data it's possible to design the 

nozzle distribution as can be seen in the next figure (Figure 58): 



 

 

57 

Francisco Javier Rodríguez Pérez 

 
Figure 58: Nozzles distribution of water pipe 

Therefore, according with the distribution n1=29 nozzles will be necessary for each half 

of the water cleaning structure. Once the amount of nozzles used is known it is 

necessary to decide the flow rate and the pressure at work to figure out the 

characteristics needed for the pipe. These values should be estimated by tests however, 

as it was mentioned, following the expert recommendations about the values used in the 

car wash arch, an assumption is made that the pressure work is Pw1= 100 bar and the 

flow rate it is Qc1= 8 l/min. The impact is a function of the flow rate and pressure 

(Equation 3), but it depends more on the flow rate (directly proportional) than the 

pressure (directly proportional to its square root). Therefore, to get a similar impact 

value in the corners where the spray distance is bigger, it is decided to use a nozzles 

with big flow rate, QS1= 6.5 l/min. So taking into consideration that there are in total 

nc1= 6 nozzles positioned on the corners, the total flow rate needed in the pipe it will be: 

 

               
Equation 4: Total flow rate in function of nozzle number and type 

Where 

QT: Total flow rate 

QS: Flow rate of the nozzles that are not in the corners 

QC: Flow rate of the nozzles that are in the corners 

nS: number of nozzles that are not in the corners 

nc: number of nozzles that they are in the corners 

                                                                      

 

According with all of this data it's necessary that the pipe used in the design resist, at 

least 100 bar of pressure and whose cross-section is such to carry a flow rate of 200 

l/min without too much pressure drop. 
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4.4.1.2.1. Selection of components for water nozzles 
Regarding the nozzle, after a benchmarking of this sector, it is decided to use nozzles 

from the company Spraying System Co for several reasons, although similar designs 

from other companies could be used. Because it is the worldwide leader in the spray 

technology, it has a wide range of nozzles and it is present in Sweden besides in other 

many countries. 

 

From the catalogue 70 about the Industrial Sprays Products (Spraying System Co, 

2011), it is decided to use the Flat Spray nozzle type and in particular the model 

WASHJET IMEG because it is the model that fits the parameters required since its use  

is recommended for: 

 

 Recommended Demanded 

Pressure (bars) 20-275 100 

Spray angle (º) 0-80 50º 

Table 26: Comparison between recommended and demanded values for pressure and spray angle in nozzle 

WASHJET IMEG.(Spraying System Co, 2011) 

More details in appendix B. 

 

The size of the nozzle is based on the spray angle, flow rate and pressure values. So as it 

can see in the table of the Appendix C, the models that fit to our requirements are 035 

for the corners and 03 for the rest since they provide a flow rate of Qs1c=6.8 l/min and 

Qc1c= 8 l/min respectively. Therefore the real value of the total flow rate needed in the 

pipe will be: 

                                                          
             

 

To select a pipe several aspects have to be taken in consideration. 

· On one side, the pipe must resist higher values of pressure than the value 

selected (100 bars), this affects the wall thickness in the pipe. For all pipe sizes 

the outside diameter (O.D.) remains relatively constant. The variations in wall 

thickness affects only the inside diameter (I.D.). A schedule number indicates 

the approximate value of  

 

Sch. = 1000 P/S 
Equation 5: Schedule of a pipe 

where P = service pressure (psi); S = allowable stress (psi) 

The higher the schedule number is, the thicker the pipe is. Since the outside 

diameter of each pipe size is standardized, a particular nominal pipe size will 

have different inside pipe diameter depending on the schedule specified. 

(The Engineering Too box, 2011) 

 

· On the other side to get the flow rate desired the speed of the flow in the pipe 

and the diameter of the section has to be considered since the flow rate depends 

on them according Equation 6: 

    
   

 
   

Equation 6: Flow rate 

Q: Flow rate (l/min) 
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ID: Inside diameter of pipeline section (dm) 

v: flow speed (dm/min
2
) 

 

Selecting a big value of the flow speed (v) causes the diameter of the pipe to become 

smaller therefore reducing the weight of the pipe, which is good since one requirement 

of the design is to get a system as light as possible. However, if a high value of flow 

speed is chosen it affects the amount of power needed for the pump as well as that the 

pressure drop will increase, it is not recommended since it will affect to the performance 

of the whole system.  The opposite it will happen if it is selected a big value of the 

pipe's diameter, since the weight will increase but the power needed from the pump it 

will be less and the pressure drops will decrease. 

So in base of these reasoning and trying to get a balance of all these factors and 

following the recommendations shown in the brochure called "Spraying Performance 

consideration" (Spraying System Co, ), a standard pipe 1-1/2" (OD1= 48.3 mm) sch 40s 

of steel stainless AISI 304 is selected because its characteristics are enough for our 

pretensions, as shown in the following table, (Table 27): 

 

Maximum service pressure for schedule 40S at 93º C, Pmax1 158 bar 

Outside diameter, OD1 48.3 mm 

Inside diameter, ID1 40.89 mm 

Thickness, P1 3.68 mm 
Table 27: Characteristics of Pipe 40S AISI 304. Source: (Tubinox, ) 

More details about the properties of AISI 304 are shown in the appendix D, its 

mechanical properties in the appendix E and about maximum service pressure for the 

pipe selected is in the appendix F. 

 

So with this pipe the flow speed will be: 

  
     

     
 

Equation 7: Flow speed on pipe 

Where, 

QTc: Corrected flow rate 

ID: Inside diameter 

 

   
      

     
   

     
   

     

              
                         

This flow speed has to be considered when the pump is selected. 

 

With that sort of pipe and to get the profile shown in the nozzles distribution it is 

necessary to assemble elbows in the corners since it is not possible to bend directly that 

kind of pipe due its wall thickness (P1= 3,68mm) is higher than the maximum 

recommended (2.77 mm).(Acero Inoxidable, 2011). The elbows dimensions are the 

next: 
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Thickness, P1 3.68 mm 

Radius, R1 57.2 mm 

Outside Diameter, OD1 48.3 mm 
Table 28: Dimensions of the water elbow pipe. (Tubinox, ) 

More details about the elbow selected are shown in the appendix G. 

 

Since the system is going to be working at a high pressure (100 bar), all the components 

(nozzles and elbows) have to be welded on the pipe(Spraying System Co, 2011) 

 

 

4.4.1.2.2. CAD Models: 
The CAD models of each part are shown in the following section: 

- Pipe (detailed drawings can be seen in the Appendix - H ): 

   
Figure 59: CAD models for the water pipe 

 

- Nozzle WashJet IMEG: 

 
Figure 60: CAD models for the nozzle WashJet IMEG 

 Details about the dimensions of the WashJet nozzle are shown in the appendix I. 

  

- Assembled pipe and waterjets: 

   
Figure 61: CAD models for the set of the water system 
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4.4.1.3. Design of Detergent pipe 
As for the sprinkling of water, the detergent spray system shall consist of a pipe with 

nozzles. As stated in the design criteria section (section 4.2.3), the system has to be 

environmental friendly. The main factors responsible on the effectiveness of the 

cleaning will be the impact and the temperature of the water. This is good since it means 

that the use of chemical products will be kept to a minimum. Based on this information 

it's decided to use the same spray distance as in the spray water 8" (d2=203,2 mm) but 

with a wider value for the spray angle (α2=80º) since a high impact is not needed. The 

nozzles distribution is shown in the next figure: 

 

 
Figure 62: Nozzle distribution in the detergent pipe 

Therefore, according with the distribution n2=17 nozzles will be necessary, for each half 

of the cleaning head. According to Spraying System Co it is recommended to use 

Pw2=20 bar as work pressure and a flow rate value around Qc2=0.6 l/min in the nozzles 

placed on the corners and Qs2=0.5 l/min for the rest. So following the same reasoning as 

in the water pipe, the total flow rate needed in the pipe will be: 

 

                                                                      
 

4.4.1.3.1. Selection of components for detergent nozzles 
The nozzles in this part are from the same company as the water nozzles for the reasons 

mentioned in section 4.4.1.2.1 and also to simplify the task to order the pieces for the 

system. It is also expected that ordering larger the amounts of products from the same 

company will give a reduction in price. 

 

Between all the ranges of the nozzles offered in the catalog 70 of Spraying System Co 

(Spraying System Co, 2011), the nozzle model VeeJet H-VV is chosen due to the 

following reasons: 

• Flat spray pattern distributes the liquid as a flat- or sheet-type spray. 
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• Small- to medium-sized drops. 

• Uniform distribution over a wide range of flow rates and pressures. 

• Unobstructed flow passages minimize clogging. 

 

With a spray angle of 80º and 20 bar of pressure from the catalog 70 section C (more 

details in the appendix J), the sizes 0067 for the nozzles placed in the corners and 0050 

for the rest of the nozzles are selected. They are chosen, since they are the nozzles that 

provide the flow rate immediately higher at the expected values (Qc2=0.6 l/min; Qs2=0.5 

l/min)  in the previous section with Qc2c= 0.68 l/min for the corners and Qs2c= 0.51 l/min 

for the rest. Therefore the real value of the total flow rate needed in the pipe will be: 

 

                                                               
            

 

In base of the reasoning followed to select the water pipe and consulting the brochure 

"Pipe and stainless steel properties" (Tubinox, ) the pipe which resist the pressure, at a 

reasonable flow speed, is a 3/8" (OD2=17.15mm)  sch 10s stainless steel AISI 304. 

Because of the thickness of this pipe it is possible to bend it with a bending radius of R2 

= 13.84 mm (Acero Inoxidable, 2011) and the pipe could be built in one piece. 

However, as it will be shown in the FEM analysis section, this pipe doesn't resist the 

stress of the reaction force of the nozzles. Therefore it is decided to use a larger wall 

thickness value, so the same pipe but with a bigger schedule, 40s is selected. Caused by 

this increase it is not possible to insert the nozzles, so then it is decided to select the next 

size of pipe indicated by the NSP ( nominal standard pipe), this is the 1/2" (OD3=21.3) 

with a sch 5s however this pipe doesn't resist the forces. Finally the pipe 1/2" sch 40s 

AISI 304 is selected, which has a good behavior as is possible to see in the FEM 

analysis section.  

 

Outside diameter, OD3 21.3 mm 

Thickness, P3 2.77 mm 

Inside diameter, ID3 15.8 mm 
Table 29: Characteristics of Pipe 1/2” 10S AISI 304 sch 40s. Source:(Tubinox, ) 

Details about the maximum service pressure for the pipe selected are shown in the 

appendix F. 

 

For this pipe it will be necessary to weld elbows in the corners. Its data are the 

followings: 

 

 
Outside Diameter, OD3 21.3 mm 

Thickness, P3 2.77 mm 

Radius, R3 38.1 mm 
Table 30:  Dimensions of the detergent elbow pipe. Source: (Tubinox, ) 

More details about the elbow selected are shown in the appendix G. 
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So with this pipe the flow speed will be: 

 

   
      

     
   

    
   

     

             
                        

 

This flow speed has to be considered when the pump is selected. 

 

4.4.1.3.2. CAD models 
The CAD models of each part are shown in the following section: 

- Pipe (detailed drawings can be seen in the Appendix - K): 

   
Figure 63: CAD models of the detergent pipe 

- Nozzle VeeJet H-VV: 

 
Figure 64: CAD model of the nozzle VeeJet H-VV 

Details about the dimensions of the VeeJet H-VV nozzle are shown in the appendix L. 

 

 

- Assembled pipe and detergent jets: 

   
Figure 65: CAD model of the set of detergent system 
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4.4.2. Dryer system 
In reference with the dryer system a benchmarking was made to investigate possible 

technologies that could be used. After that, it was decided to perform the drying task 

with compressed air trough nozzles since it is a technology recommended for this use 

and because it will facilitate its assembly in the system since it is the same that used in 

water and detergent tubes and some of the knowledge learned on them can be applied. 

 

4.4.2.1.1. Theoretical aspects for air nozzles 
The variables to take into account in the use of air nozzles are similar as when water is 

used, but it's good clarifying some aspects since there are four main characteristics that 

should be considered when selecting an air nozzle: 

 

As is mentioned by Spraying System Co in "A guide to improving the performance of 

your air control application"(Spraying System Co, ): 

 

- Effective spray coverage 

Spray coverage is described as the width of the spray pattern for a flat fan air nozzle. 

Effective spray coverage is the width of the fan, which comprises a minimum spray 

force measurement. This coverage can be used as a guide for spacing nozzles. Effective 

spray coverage varies for different types of air nozzles. While effective coverage is 

relatively consistent above 40 psig (2.8 bars), it may decrease at lower pressures. In 

general, effective coverage increases as distance from the nozzle increases. 

 

- Sound level 

Capacity and nozzle design both affect noise levels. In general, higher flow rates 

increase noise levels. Other factors include air pressure and obstructions in the nozzle‟s 

path. Spraying the nozzle against objects will increase sound levels. 

 

- Lineal and specific Impact Force: 

There are two types of impact to consider when selecting air control nozzles: lineal 

impact and maximum specific impact. Both lineal and specific impact increase with 

pressure. When capacities are the same, a nozzle with a smaller coverage will have 

greater impact than one with a wider coverage. Lineal impact indicates relative force 

per unit distance across the spray width. Flat spray patterns have fairly uniform impact 

distribution across the effective spray coverage. Spacing of nozzles in a header 

according to the effective spray coverage will provide consistent lineal impact across 

the entire length of the target surface. Maximum specific impact is a direct indication of 

spray intensity applied to a surface. It provides maximum force per unit area 

information, which can be used to compare spray effectiveness under various 

conditions. 

 

4.4.2.1.2. Design of Drying Pipe 
For lack of precise data on the variables that influence the selection of design 

parameters some assumptions based on opinions  drawn from the consultations with 

experts from Spraying System Co have been made. The drying operation shouldn't need 

a high value of impact. Therefore the drying system won't need a high value of pressure 

or flow rate. However, it is necessary to reach all the surface desired to dry thus the 

coverage will be an important parameter for the design. As stated in the section of 

effective spray coverage, an effective coverage is relatively consistent above 40 psig 

(2.8 bar), but may decrease at lower pressures. Thus, Pw3=2.8 bar, is the work pressure 
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in this design. To keep the geometry of the system uniform the same spray distance as 

in the water and detergent process, 8" (d3=203.2 mm), is used. As a basis of these 

criteria a nozzle that provides a good coverage is needed. 

 

4.4.2.1.3. Selection of components for drying nozzles 
As in previous design the nozzles are requested from the company Spraying System Co. 

With a work pressure Pw3=2.8bars and a spray distance at 203.2 mm consulting the 

catalog 20c (Spraying System Co, ) and between the nozzles recommended to get an 

effective coverage (see appendix M) the model 1/4 k20 FloodJet is selected. This nozzle 

is recommended for drying operations as well. This nozzle with the conditions 

mentioned provides coverage of c1=300 mm. So with this data it is possible to design 

the nozzles distribution as see in the next figure (Figure 66): 

 
Figure 66: Nozzle distribution for Dryer pipe 

Therefore, according with the distribution n3=19 nozzles will be necessary for each half 

of the cleaning head. 

The next step is to select the pipe dimension. According to the catalog c20b (Spraying 

System Co, 2005) the nozzle selected provides an air flow of Q3=512 Nl/min therefore 

the total air flow required will be: 

       
Equation 8: Total air flow. 

Where, 

QT: Total air flow 

Q: Air flow of nozzle 

n: number of nozzles 

 

                                              
 

According with the table "Air flow through schedule 40 Steel pipes" (it can seen in 

appendix M) from the catalog c20b, the pipe diameter recommended for this air flow at 

2.8 bars is 2". So the pipe selected is the 2" (OD4= 60.3 mm)  sch 40s stainless steel 

AISI 304. 
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Outside diameter, OD4 60.3 mm 

Thickness, P4 3.91 mm 

Inside diameter, ID4 52.5 mm 
Table 31: Characteristics of Pipe 40S AISI 304. Source: (Tubinox, ) 

Details about the maximum service pressure are shown in the appendix F. 

 

With that sort of pipe and to get the profile shown in the nozzles distribution it is 

necessary to assemble elbows in the corners since it is not possible to bend that kind of 

pipe due its wall thickness (P4= 3,91mm) is higher than the maximum recommended 

(2.77 mm)(Acero Inoxidable, 2011). The elbows dimensions are given in Table 32: 

 
Thickness, P4 3.91 mm 

Radius, R4 76.2 mm 

Outside Diameter, OD4 60.3 mm 
Table 32: Dimensions of the dryer elbow pipe. (Tubinox, ) 

More details about the elbow selected are shown in the appendix G. 

4.4.2.1.4. CAD models 
The CAD models of each part are shown in the following section: 

- Air-Pipe (detailed drawings can be seen in the Appendix N): 

   
Figure 67: CAD models of the dryer pipe. 

 

- Air-Nozzle FloodJet: 

 
Figure 68: CAD model of the FloodJet nozzle. 

Details about the dimensions of the FloodJet nozzle are shown in the appendix O. 
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- Assembly of pipe and Air-nozzles: 

     
 Figure 69: CAD model of the set of the dryer system 

4.4.3. Support Structure 
The support structure is the part of the system responsible to hold the water pipe, 

detergent pipe and dryer pipe in the right position and receive the motion from the 

mechanical system. So this part will be composed by an anchor structure and a shaft to 

provide rotational movement. 

 

4.4.3.1. Anchor structure 
The first design of this part is shown in the next picture: 

 
Figure 70: First version of the CAD model of the anchor structure 

In this design the pipes would be placed around the structure (built in a steel material) 

and welded on it. When conducting the FE with the pipes and structure it was 

discovered that the pipes are rigid enough to hold it's own weight as well as that the 

steel design will be too heavy.  

The next design is shown in Figure 71: 
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Figure 71: Second version of the CAD model of the anchor structure 

This design is much lighter than the previous one since the weight of the first one was 

533kg and for the second one is 103kg. In this design the pipes are inserted in the top 

part and they are fixed with clamps in the bottom part, as shown in Figure 72 : 

 

 
Figure 72: Water pipe clamp to anchor the pipe to the anchor structure.  

 

 Similar pieces are used to anchor the detergent pipe and drying pipe to the 

structure..Based on this design it several changes was performed with the purpose to 

lighten it as much as possible. These changes were checked by FE-analysis as shown in 

the section 4.5.1.2.4. The final design is shown in Figure 73 (detailed drawings can be 

seen in the Appendix P): 

 

 
Figure 73: Final version of the CAD model of the anchor system 

1 

1 

1 2 

2 

2 
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In this design the pipes are inserted in the top right side in the holes enabled to them and 

they are fixed with clamps in the bottom part. The holes numbered 1 are designed to 

hold the shaft (detailed drawing of the clamps can be seen in the Appendix Q). These 

holes like the holes numbered 2 are split to facilitate the assembly (detailed drawings of 

the water, detergent and drying clamps can be seen in the Appendix R). Some of the 

components will be welded, it involves the structure and the shaft. The clamps can be 

bolted together but may as well be welded if needed. 

 

 

4.4.3.2. Shaft 
This axle connects the support structure with the revolute joint structure. It receives the 

motion from the mechanical system and transmits it to the support structure.  The design 

is shown in the next picture (detailed design can be seen in the Appendix S):  

 
Figure 74: CAD model of the shaft 

This piece, as it will see in FE-analysis section 4.5.1.2.5, supports high stress caused by 

the loads on the pipes. To reduce this effect the central section is thicker since it is the 

part that transmits the loads and momentums to the joint. Its diameter is conditioned by 

the inside diameter of the bearings which are installed on it. The bearings are designed 

to hold the shaft and transmit the movements from the mechanical system to the support 

structure and cleaning arch. In the mechanical system section 4.4.4.3, more details about 

the bearings used are given. 

 

4.4.4. Mechanical system 
The mechanical system provides movement to the cleaning head. Each half of the 

cleaning arch has an independent mechanical system. This is in order to control the two 

halves independently (if needed).  This mechanical system is composed by: an electric 

motor, belt with its corresponding pulleys and a couple of bearings installed on the shaft 

to hold the cleaning structure and allow for smooth movement between the different 

parts. 
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The first step in the design of this mechanism is to figure out the torque needed to move 

each half of the system. For this a dynamic analysis will be performed (there is more 

details in section 4.5.2.1). From this analysis the values of the torque necessary to 

accelerate the structure to an angular velocity of w1=5 degree per sec and stop it are 

obtained. The result it is shown in Figure 75: Torque in Z directionFigure 75: 

 

 
Figure 75: Torque in Z direction, being Z positioned in the same direction of the shaft axis, with an opposite 

sense as the gravity. 

In the plot is possible to see the torques needed to accelerate the structure and stop it. 

The positive torque are produced when the structure is accelerating, it is always 

followed by a negative that aims to stabilize the movement in a steady speed. The big 

negative value is produced when the structure is stopping. This behavior is repeated 

several times as the product is programmed to move according to Table 39. 

 

According with this it is necessary to provide a torque with at least a value of T1=5.81 

Nm to move one half of the cleaning arch. This value has to be considered when the 

electric motor is selected. 

 

4.4.4.1. Belt: 
Because of the space available the first step in the design of the belt is to decide the 

bigger diameter for the pulley installed on the shaft. It has to be below 140 mm to avoid 

possible collisions between the support structure and the revolute joint. This 

information in combination with the results of the dynamic analysis gives the data 

needed to design the belt, as follow: 

 Diameter of large pulley, Dlp = 140 mm  

 Rotational speed of the load, nDlp = 1.11 rpm 

 Speed motor rotation: ndsp = 2 rpm 

It is assumed that the motor rotation speed is 2 rpm since the structure moves slow and 

there isn't space to make a large reduction.  Based on this assumption a compatible 

motor will be chosen, thus the reduction value will be: 

 

  
    

    
  

   

   
 

Equation 9: Belt Reduction 
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Where, 

i: reduction 

ndsp: rotational speed of small pulley 

nDlp: rotational speed of large pulley 

Dlp: Diameter of large pulley 

dsp: Diameter of small pulley 

  
    

    
 

 

    
     

So the diameter of the small pulley has to be: 

  
   

   
     

    
   

 
 

   

   
       

 

As the structure moves slow and with the value of the torque needed, it is decided that 

the pitch of the belt has to be L (p=9.525mm) according with the "Belt pitch selection 

chart"(Talleres auxiliares del motor S A, ).  

Due to that the belt engages with the pulleys, these must have the same module: 

  
 

 
 

Equation 10: Belt module 

where, 

m: module 

p: belt pitch 

  
 

 
 

     

 
   

The teeth for each pulleys are calculated as follow: 

  
  

 
 

where, 

Z: number of pulley teeth 

Di: Diameter of corresponding pulley 

m: module 

 

- Large pulley: 

   
   

 
  

   

 
                      

- Small pulley: 

   
   

 
  

  

 
          

 

The approximate distance between axes it will be: 

   
        

 
      

Equation 11: Approximate distance between axes of pulleys 

where, 

l: approximate distance between axes 

i:reduction 

dsp: diameter of small pulley 
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The pitch length: 

 

                      
         

 

   
 

Equation 12: Pitch length of the belt. (Pirelli, 1981) 

where, 

Lp: Pitch length 

l: approximate distance between axes 

Dlp: Diameter of large pulley 

dsp: Diameter of small pulley 

 

                         
         

       
           

 

The type of belt suitable for these conditions is an OPTIBELT ZR from OPTIBELT. 

According to the Optibelt brochure (Optibelt, 2011) the standard pith length more close 

to the calculated value is the model 285 L (details are shown in the appendix T), with 

pitch length is LPN = 723.90 mm. With this data it is necessary to refine the axes 

distance and it will be: 

      
      

 
 

Equation 13: Corrected distance between axes 

Where, 

lc: Corrected distance between axes 

l: Approximate distance between axes 

LPN: Standard length pitch 

LP: Length pitch 

          
             

 
           

 

 
Figure 76: CAD models of the large pulley and small pulley 
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Figure 77: CAD model of the belt 

 

4.4.4.2. Electric motor: 
With this data it is necessary to select an electric motor able to supply the maximum 

torque that is the torque necessary to start and to stop. Considering the belt and pulley 

system, the torque that the motor should supply in the large pulley is: 

       
   

 
 

Equation 14: Momentum of the large pulley 

where 

M2: Momentum in large pulley 

Dlp: Diameter of large pulley 

F2: Force at the large belt 

 

And the momentum in the small pulley can be expressed as: 

      
   

 
 

Equation 15: Momentum of the small pulley 

M1: Momentum in small pulley  

dsp: Diameter of small pulley 

F1: Force at the large belt 

 

As the forces in the belt are the same, F1=F2, the momentum that the motor should 

supply in the large pulley can be calculated as: 

   
    

   
 
   

 
 

   
       

     
                

Therefore the electric motor needed should supply a maximum torque at least of 

M1=3.24 Nm, to start and to stop the structure and working at low rotation speeds. 

Therefore it is thought that a gearmotor can be a good solution since they aren't too big 

and not too heavy. After a benchmarking it is decided to use the motor VWDIR 

013Q227-0250, the characteristics are shown in the appendix U. This motor work at 7 

rpm and it can provide a maximum torque of 12.77 Nm (113 in-lbs). To get the 

expected values of torque and speed it is suggested to control it by electronics, e.g., 

using the technique of Pulse-Width-Modulation (PWM). 
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Figure 78: CAD model of the  gearmotor VWDIR 013Q227-0250 

 

4.4.4.3. Bearings: 
As stated before it will be necessary to use bearings to perform the movements. By the 

characteristic of the geometry it is decided to use Spherical roller thrust bearings since 

they are recommended where it exist axial and radial loads simultaneously as is 

mentioned by (SKF, 2011b):  

 

In spherical roller thrust bearings the load is transmitted from one raceway to the other 

at an angle to the bearing axis. The bearings are therefore suitable to accommodate 

radial loads in addition to simultaneously acting axial loads. Another important 

characteristic of spherical roller thrust bearings is their self-aligning capability. This 

makes the bearings insensitive to shaft deflection and misalignment of the shaft relative 

to the housing. 

 

To select the right bearing it is needed to estimate the loads over the axis, either radial 

or axial. This is performed by the dynamic analysis. In the Figure 79,Figure 80 and 

Figure 81, , the values reached in the simulations can be seen: 

 

 
Figure 79 Axial force in the shaft 
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Figure 80: Radial force in X direction in the shaft 

 
Figure 81: Radial force in Y direction in the shaft 

As shown the axial force is steady in a value of Fa=524 N much higher than the highest 

value for the radial component, Fr=7.7 N. Therefore it is the correct assumption to select 

the Spherical roller thrust bearings. 

 

The bearing size to be used for an application can be initially selected on the basis of its 

load ratings (dynamic, C, and static, C0,) in relation to the applied loads and the 

requirements regarding service life and reliability. 

 

According to the SKF selection guide (SKF, 2011a) they explain the following about 

choosing the correct spherical roller thrust bearings:  

 

- The basic dynamic load rating C is used for calculations involving dynamically 

stressed bearings, i.e. a bearing that rotates under load. It expresses the bearing 

load that will give an ISO 281:1990 basic rating life of 1 000 000 revolutions. It 

is assumed that the load is constant in magnitude and direction and is radial for 

radial bearings and axial, centrically acting, for thrust bearings.(SKF, 2011a) 
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- The basic static load rating as defined in ISO 76:1987 corresponds to a 

calculated contact stress at the centre of the most heavily loaded rolling 

element/raceway contact of 

   4 600 MPa for self-aligning ball bearings 

   4 200 MPa for all other ball bearings 

   4 000 MPa for all roller bearings. 

This stress produces a total permanent deformation of the rolling element and 

raceway, which is approximately 0,0001 of the rolling element diameter. The 

loads are purely radial for radial bearings and centrically acting axial loads for 

thrust bearings. The basic static load rating C0 is used in calculations when the 

bearings are to: rotate at very slow speeds ( n< 10 r/min), perform very slow 

oscillating movements or be stationary under load for certain extended periods. 

It is also most important to check the safety factor of short duration loads, such 

as shock or heavy peak loads that act on a bearing, whether it is rotating 

(dynamically stressed) or at rest.  

 

As the expected speed on the shaft is 1,11 rpm, the criteria to select the bearing size will 

be based on the static rating load, C0. Taking in consideration the static safety factor, s0, 

the static rating load can be expressed as: 

          
Equation 16: Static rating load 

where P0 is the equivalent static bearing load. This one is the equivalent load for static 

loads comprising radial and axial components. This is defined as that hypothetical load, 

(radial for radial bearings and axial for thrust bearings) which, if applied, would cause 

the same permanent deformations in the bearing as the actual loads to which the bearing 

is subjected. It is obtained from the general equation: 

              
Equation 17: Equivalent static bearing load (SKF, 2011a) 

Where 

P0  = equivalent static bearing load [kN] 

Fr  = actual radial bearing load (see below) [kN] 

Fa  = actual axial bearing load (see below) [kN] 

X0  = radial load factor for the bearing 

Y0  = axial load factor for the bearing 

 

As the bearings selected are spherical roller thrust bearings and the Fr<0.55 ·Fa, the 

equivalent static bearing load can be expressed as: 

             
Equation 18: Equivalent static for spherical roller thrust (SKF, 2011a) 

So the value of P0 in our case it will be: 

                        
With this results and the recommended value for s0 = 4 (SKF, ) the criteria to select the 

bearing size it will be: 

                      
It is decided to select bearing from the company SKF. So searching inside of the 

spherical roller thrust bearing catalogue (online catalogue) the smallest model is 

selected, in particular the model 29412 E which resists a static rating load of 915 kN 
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widely above than the value required for our design. More details are shown in the 

appendix V. 

 
Figure 82: CAD model of the bearing SKF 29412 E. Provided by SKF. 

 
Figure 83: Section of the CAD model of the bearing SKF 29412 E. Provided by SKF. 

- Assembly of mechanical system with motor, pulley, belt, bearings and axle: 

Once all the elements are selected it is possible to show how the mechanical 

system looks: 

  
  Figure 84: CAD models of the set of the mechanical systems from different points of view. 

4.4.5. Joint 
The revolute joint connects the cleaning head with the telescopic arm and carries the 

mechanical system. For this the design has to take account a place for the electric motor, 

bearings, belts and pulleys. With these considerations taken into account the design of 

the joint looks as follows: 
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Figure 85: CAD model of the set of the joint 

To make the assembly possible and facilitate the maintance of the mechanical 

system,this component is split in three parts: joint base (1), top joint (2) and front top 

joint (3)  as it can see in Figure 86: 

 

 
Figure 86: Exploded vision of the CAD model of the joint 

The joint base has a hole to host the electric motors, which are linked to it through bolts. 

Also the joint base has space for the pulleys, bearings and belt. 

 

2 

1 

3 
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Figure 87: CAD models of the joint base from different points of view 

The top joint looks as follow with the hollows for the shaft, pulleys and bearings: 

 
Figure 88: CAD models of the top joint from different points of view. 

Finally the last part, the frontal top joint look as follow provided with several holes 

threaded in the middle and on the sides to join the three parts through screws: 

 
Figure 89: CAD model of the frontal joint from different points of view 

Detailed drawings of the all pieces of the joint structure are shown in the Appendix W. 

 

4.4.6. CAD models of all 
In Figure 90 is shown the complete assembly of the parts of which the cleaning 
head is composed from a front point of view and back. 
 

 
Figure 90: CAD models of the set of the cleaning head 

In Figure 91 is shown in the right side, a detail of the CAD model with the pipes used 

with their respective nozzles installed in each one. In the left side is shown a detail with 

the mechanical system inserted on the joint structure. To facilitate the view of the 

mechanical system, the top joint and the front top joint were removed in the picture. 
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Figure 91: Details of the CAD models of the pipes with the nozzles installed and the mechanical system 

inserted on the joint structure. 

 

 

4.5. Simulations 
In this section the structural strength simulations performed to analyze the parts 

designed in the detail design are explained. There are two types of simulations: finite 

elements analysis and motion simulations. The first one aims to study the pieces in 

function of the reaction force appeared when the nozzles are full operation. The second 

one aims to study the behavior of the joint while the cleaning head is moving and figure 

out the torque needed to reach it. 

 

4.5.1. FE-analysis 
4.5.1.1. Introduction 

Finite element analysis (FEA) is a computer simulation technique that, by applying the 

finite element method (FEM) can solve the forces and displacements in mechanical 

systems. (Siemens PLM, 2010a) 

The task of finite element analysis is performed using parts designed in 3D CAD 

(Computer Assisted Design) processed in a CAE software (Computer Assisted 

Engineering). In these applications the object or system is represented by a 

geometrically similar model consisting of multiple discrete regions simplified and 

connected. Equilibrium equations with physical considerations applicable and 

constitutive relations are applied to each element, and built a system of several 

equations. The system of equations is solved for unknown values using techniques of 

linear algebra or nonlinear schemes, depending on the problem. Being an approximate 

method, the accuracy of FEA methods can be improved by refining the discretization in 

the model using more elements and nodes.(Siemens PLM, 2010a) 

 

To reach the solution it the following three steps must be followed (FEA Outsourcing, 

2011): 

• Pre-processing. Define the finite element model and environmental factors that 

influence it. 

• Solution analysis. Solving the finite element model. 

• Post-processing of results using tools visualization. 

 

The first step in FEA pre-processing, is to build a finite element model of the structure 

which it is going to be analyzed. In many FEA packages requires the input of a 

topological description of the geometric characteristics of the structure. In the case of 
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this project a 3D part previously made in NX 7.5 software was used. The main objective 

of the model is to realistically replicate the important parameters and features of the real 

model. Once you have created geometry, a procedure is used to define and divide the 

model into "small" elements. In general, a finite element model is defined by a mesh, 

which consists of elements and nodes. Nodes represent points at which we calculate the 

displacement (structural analysis). (Siemens PLM, 2010a) 

 

The FEA packages enumerate the nodes as an identification tool. The elements are 

determined by sets of nodes and properties defined localized mass and stiffness. The 

elements are also defined by the numbering of the mesh, which allows referencing the 

corresponding effort (in structural analysis) for specific location. In the next stage in the 

finite element analysis a series of computational processes that involve applied forces 

and the properties of the elements, which produce a model solution is carried out. This 

structural analysis allow the determination of certain mechanical effects, such as are the 

strains and stresses that are caused by a system of external forces (loads and pressures) 

and structural (gravity) applied to the body under study. (Siemens PLM, 2010a) 

 

These results can then be studied using visual tools within the FEA environment to see 

and fully identify implications of the analysis. 

 

4.5.1.2. Tests 
The main forces to consider in the simulation will be the reaction force produced by the 

impact of the flow in the nozzles and the gravity as well as torques needed to move the 

complete structure.  Based on this, each element of the system is analyzed. 

 

4.5.1.2.1. Water pipe: 
Based on the information of the impact tests performed by Spraying System Co for the 

nozzle WashJet IMEG the reaction force is estimated. The reaction force is selected, 

since it will be the same as the impact force but in opposite direction (it affects the 

structure). This test is performed in a nozzle with a narrow spray angle (α3=15º), at 

higher pressure (Pw4=138 bar) and at lower spray distance than the one used in our 

design (6 inch=152.4mm). This is not a problem for our analysis since it is expected the 

impact force will be lower in our design. So if the elements resist this force, they must 

resist the real impact force. The complete data of this test are in the appendix. 

So taking the following data from the test, the impact force is calculated as follow: 
• Highest Impact pressure, I1= 8.09 kg-f/cm

2 

• Spray angle, α3= 15º
 

• Spray distance, d4=152.4 mm
 

• Width pattern a1= 2mm
 

       
 

 
   

Equation 19: Spray coverage 

where, 

c: spray coverage 

α: spray angle 

d: spray distance 
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Equation 20: Impact area 

where, 

IA: Impact Area 

c: spray coverage 

a: width pattern 

                                         
 

        
Equation 21: Impact force 

where, 

IF: Impact force 

IA: Impact area 

                     
   

   
                             

  

This value is applied in each nozzle position in the normal direction. Also the gravity 

force is activated in the simulation to take the total weight into consideration. 

 

 
Figure 92: Force and initial conditions applied in the FEM analysis of the water pipe 

To account for the weight of the water within the pipe the density of the material was 

changed. The new density was calculated as follow: first the weight of the water inside 

the pipe was calculated and added to its own weight. Then, this weight was divided by 

the volume occupied -for the material of the pipe. Just the density of the material was 

changed, the rest of the parameters were kept steady. Inertia in the design should not be 

affected as it follows the shape of the pipe. The change was: 
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Yield strength, σy1 276 Mpa 

Ultimate tensile strength, TS1 572 Mpa 

Mass density,                 1.05 e-5 Kg/mm
3 

Table 33: Mechanical properties of AISI SS 304 Annealed + Water 

 

 
Figure 93: Result of the FEM analysis of the water pipe 

As it is shown in the picture the highest stress is σ1=68.11 N/mm2. This value is lower 

than the yield strength of the material AISI 304 Annealed which has a value on 

σy1=276 N/mm2. If safety is applied the safety factor recommended for steel structures 

(Arqui, 2011), γs1=1.15, the yield strength of the material it will be: 

    
  

  
 

Equation 22: Corrected yield strength material 

where, 

σy: Yield strength material 

 σyc: Corrected yield strength material 

γs: Safety factor 

 

     
   

   
 

         

    
           

 

Even this stress is higher than σ1, so the pipe resists the loads. 

 

4.5.1.2.2. Detergent pipe 
The calculation procedure for this pipe is the same as follow in the water pipe. For the 

nozzles used in the detergent pipe, VeeJet H-VV it was not possible to get the impact 

data test, so it was decided to use the same impact force as in the water pipe, IF1. It is 

assumed that the real impact force will be lower than IF1 since the parameters (spray 
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angle, pressure and flow rate) used in this nozzle are lower than the used in the water 

nozzle test: 

 

 Impact Test WashJet IMEG Work values for VeeJet H-VV 

Spray angle 15º 80º 

Pressure 138 bars 20 bars 

Spray distance 152.4 mm 203.2 mm 
Table 34: Spray angle, pressure and spray distance used in the Impact Test WashJet IMEG and in VeeJet H-

VV nozzle. 

Anyway it takes IF as impact force for this simulation since it is the only one available 

and thus ensures the pipe resists the real impact force, although it will be over 

dimensioned. In this simulation the weight of the liquid is considered negligible and 

thus not considered. So the unique loads applied are the impact reaction and the gravity. 

The model is applied to the pipe 3/8” AISI 304 sch 10s: 

 

 
Figure 94: Force and initial conditions applied in the FEM analysis of the detergent pipe. 

 

Yield strength, σy1 276 Mpa 

Ultimate tensile strength, TS1 572 Mpa 

Mass density,          7.9 e-6 Kg/mm
3 

Table 35: Mechanical properties of AISI SS 304 Annealed 

The result of the simulation can be seen in Figure 95: 
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Figure 95: Result of the FEM analysis for the detergent pipe 3/8” AISI 304 sch 10s  

 

As it is shown the pipe selected does not resist the loads since the highest value, σ2=732 

N/mm2 is very over the σy1. So it is necessary to change the pipe. 

As it was said in the detail design a thicker pipe with the same diameter was selected, 

3/8” sch 40s, however in this pipe it was impossible to install the nozzles. So the next 

pipe selected was 1/2" AISI 304 40s. The result of the simulation is shown Figure 96: 

 
Figure 96: Result of FEM analysis for the detergent pipe 1/2" AISI 304 40s. 

 

As can be seen in the picture the highest stress, σ3=233 N/mm2, it is below to the yield 

strength σy1. If the safety factor γs1=1.15 is applied, following Equation 22, the new 

yield strength limit will be: 
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This value is very close to the highest stress σ3=233 N/mm2, however it has to be taken 

into consideration that the pipe is over loaded. So in practice the highest stress will be 

lower than the one obtained in the analysis. So the pipe is selected. 

 

4.5.1.2.3. Dryer pipe: 
The procedure is similar as in the previous pipes, but in this case the impact force 

change. The data extracted to the test (Spraying System Co, 2005) are: 

• Impact pressure, I2= 0.7 kPa 

• Spray coverage, c1= 300 mm 

• Spray distance d3= 203 mm 

• Width pattern a2= 2mm 

Therefore the impact force it will be: 

                             

                       
 

   
                  

This is the value applied in each nozzle in the simulation: 

 
Figure 97: Force and initial conditions applied in the FEM analysis of the dryer pipe 

The material selected is steel stainless AISI 304 SS annealed and the result it can see in 

Figure 98: 

 
Figure 98: Result of the FEM analysis for the dryer pipe 
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The highest stress value, σ4=10.02 N/mm
2
 is well below the yield strength of the 

material, σy1=260 N/mm
2
 and σy1c=240N/mm

2
 (safety factor γs1=1.15). So the pipe 

resists the loads and it has right behavior. 

 

4.5.1.2.4. Anchor structure: 
As this structure is holding the pipes, an analysis of it with the pipes and its respective 

loads was performed.  

 
Figure 99: Force and initial conditions applied in the anchor structure FEM analysis 

As this part was too heavy in the first design, several changes was performed on it with 

the purpose to lighten it. In the next pictures some results of the simulation after these 

changes are shown to get the final design shown in the previous figure. The result of the 

first simulation was: 

 

 
Figure 100: Result of the FEM analysis performed in first design of the anchor structure 

 



 

 

88 

Francisco Javier Rodríguez Pérez 

In the beginning the material selected was common steel, with the properties: 

 

Yield strength, σy2 138 MPa 

Ultimate tensile strength, TS2 276 Mpa 

Mass density, ρsteel 7.83e-6 kg/mm
3 

Table 36: Properties of Steel 

So as it can be seen in the results of the simulation the stress obtained, σ5=281 Mpa, it is 

over the yield strength. Therefore it was decided to increase the thickness structure from 

5 mm to 6 mm. The result it was the next: 

 

 
Figure 101: Result of the FEM analysis performed in second design of the anchor structure 

As can be seen this change didn't give any better results, since the stress value increased 

because its weight increased. For that reason it was decided to recover the previous 

thickness and increase the height of the structure: 

 
Figure 102: Result of the FEM analysis performed in third design of the anchor structure 

As it can be seen, this change made a positive result since the stress decreased 

significantly until σ6=140,87 Mpa.  Although this value is still not acceptable because it 
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is still over the yield stress. To overcome this problem, it was decided to reduce its 

weight decreasing the thickness structure from 5 mm to 4mm: 

 

 
Figure 103: Result of the FEM analysis performed in forth design of the anchor structure 

The result was worse than the previous one. So with the purpose to reduce its weight the 

support structure simulation was observed and it was discovered that the area in 

between the shaft clamps wasn‟t affected with high stresses. Due to this it was decided 

to open a box in it: 

 
Figure 104: Result of the FEM analysis performed in fifth design of the anchor structure 
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The weight was decreased significantly but the highest stress value was still over the 

yield strength. For that it was decided to change the material from the common steel to 

aluminum 5086 which has better mechanical properties, it is more light, it has good 

corrosion resistance and can also be welded.(Broncesval SL, ) 

 

Yield strength, σy3 217 MPa 

Ultimate tensile strength, TS3 290 Mpa 

Mass density, ρaluminum 5086 2.66e-6 kg/mm
3 

Table 37: Mechanical properties of Aluminum 5086 

With the Aluminum 5086 the weight decreased a lot and the result of simulations is 

within the limits, since the highest stress 152.4 N/mm
2
 is below the σy3=217 N/mm

2.
. 

Even if a safety factor of γs2=1.2 is applied the highest stress (152,4 N/mm
2
) is below 

since following the Equation 22, the corrected yield strength is: 

     
   

   
 

         

   
           

For geometric reasons, the last change was to move away the shaft clamps a bit more in 

the structure: 

 
Figure 105: Change performed on the shaft clamps position 

The result for the final solution is shown in the Figure 106: 

 

 
Figure 106: Result of the FEM analysis performed in the final design of the anchor structure 
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We can check that the higher value of the stress is below the yield strength σy3=217 

N/mm
2
 and σy3c=181N/mm

2
 (safety factor γs1=1.2). 

 

 

4.5.1.2.5. Shaft: 
The shaft is an important piece of the system since it is the responsible to transmit the 

effort caused by the loads over the pipes to the joint. This transmission is performed by 

the bearings. 

 

 
Figure 107: Force and initial conditions applied in the FEM analysis of the pipes, anchor structure and the 

shaft. 

This piece will be built in aluminum 5086 as the support structure. 

 

Yield strength, σy3 217 MPa 

Ultimate tensile strength, TS3  290 Mpa 

Mass density, ρaluminum 5086 2.66e-6 kg/mm
3 

Table 38: Mechanical characteristics of aluminum 5086. 

 

 In Figure 108  is possible to see the simulation of the system with this part included. 

 

 
Figure 108: Results of the FEM analysis of the cleaning arch system with the anchor structure and the shaft 
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As we can see the result is satisfactory since the highest stress value is below the yield 

strength σy3=217 N/mm
2
 and σy3c=181N/mm

2
 (safety factor γs1=1.2). 

 

4.5.1.2.6. Joint 
To evaluate the behavior of this part of the design an analysis for the whole system was 

performed with its load applied in the two more unfavorable positions, that is, when a 

half of the cleaning head is perpendicular to the telescopic arm and when it is in the 

same direction. In the Figure 109 and Figure 110 it can see each position with its 

corresponding loads: 

 

 
Figure 109: Forces and initial conditions applied in the FEM analysis when the cleaning head is perpendicular 

to the telescopic arm 

 
Figure 110: Forces and initial conditions applied in the FEM analysis when the cleaning head is in the same 

direction that the telescopic arm 

 

As the whole system is symmetric, the analysis was performed in one half of the joint. 

The results are shown Figure 111 and Figure 112: 
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Figure 111: Results of the FEM analysis when the cleaning head is perpendicular to the telescopic arm 

 
Figure 112: Results of the FEM analysis when the cleaning head is in the same direction of the telescopic arm. 

As we can see the result is acceptable since the highest stress value is under the yield 

strength of the aluminum 5086, σy3=217 N/mm
2
 and σy3c=181N/mm

2
 (safety factor 

γs1=1.2). 

 

4.5.2. Motion simulation 
A motion simulation is a computer simulation technique whereby it is possible to 

simulate and evaluate mechanical systems for such things as:  
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• Displacements, velocities, and accelerations. 

• Range of motion 

• Reaction forces, inertia forces and torques, and forces and moments transmitted 

between bodies.  

(Siemens PLM, 2010b) 

 

There are two kind of possible simulations: a kinematics and dynamics. A kinematics 

motion simulation shows the physical positions of all the parts of a mechanism, with 

respect to time, as the mechanism goes through a cycle. This type of analysis 

determines the range of values for displacement, velocity, acceleration, and the reaction 

forces on constraints. A dynamic simulation is like kinematics simulation but taking in 

consideration:  

• Gravity and mass properties.  

• The external loads, forces and torques which they can generate a motion.  

(Siemens PLM, 2010b) 

 

Motion simulations are usually created from existing 3D design in which each geometry 

of the design is associated with a link. So each link represents a rigid body. Then the 

motion of the links is constrained with joints and the mechanism is set into motion using 

motion drivers. (Siemens PLM, 2010b) 

 

Once the mechanism is created it performs the analysis, which is based on the time 

integration algorithm and Newton‟s equations of motion. Recursive formulation is used, 

which results in faster solve performance.(Siemens PLM, 2010b) 

 

As the purpose of our analysis is to figure out the torque necessary to move the structure 

and evaluate the forces that appear, it decided to use a dynamic analysis, which is 

explained in the next section. 

 

4.5.2.1.  Dynamic simulation 
From the 3D assembly with all pieces of the system assembled a dynamic simulation is 

performed. For it, each body of the assembly is associated as a link and the 

corresponding joint between each one are set. Most of the joints are fixed, except the 

joints set between the axes and structure that join the cleaning head with the telescopic 

arm, which are revolution joints.  
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Figure 113: Complete system with the links and the joints used in the motion simulation. 

 

To figure out the torque needed to turn each half of the system a programmed 

displacement of 5 degrees per second is set as an initial condition. The two halves are 

perpendicular to the telescopic arm and move until both halves are parallel with each 

other. Although the speed necessary to clean an area is unknown, it is assumed that the 

speed will be lower than the chosen value of 5 degrees per second, so the dynamic 

forces are satisfactory for our design. The movement simulated is the corresponding 

when the cleaning head is close to the frontal wall and it starts to clean it. The initial 

position of the cleaning head is when both halves of the cleaning head are perpendicular 

to the telescopic arm. From this position both halves starts to turn until they are parallel. 

As the nozzles are flat the spray patterns are parallel and a hole between both halves is 

kept without cleaning. To get this area cleaned movements are programmed from right 

to the left to cover the hole left between them in the first stage, as it is shown in Figure 

114: 
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Figure 114: Cleaning process for frontal wall. 

In Table 39, the displacement desired for the right half of the system can be seen: 

 

Time Displacement  Time Displacement 

0 0  31 80 

1 0  32 80 

2 0  33 85 

3 5  34 90 

4 10  35 90 

5 15  36 90 

6 20  37 85 

7 25  38 80 

8 30  39 75 

9 35  40 70 

10 40  41 65 

11 45  42 60 

12 50  43 55 

13 55  44 50 

14 60  45 45 

15 65  46 40 

16 70  47 35 

17 75  48 30 

18 80  49 25 

19 85  50 20 

20 90  51 15 

21 90  52 10 
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22 90  53 5 

23 95  54 0 

24 100  55 -5 

25 100  56 -10 

26 100  57 -10 

27 95  58 -10 

28 90    

29 85    

30 80    
Table 39: Displacement of the right half of cleaning head 

 

 

 
Figure 115: Z direction taken in the same direction of the shaft and in opposite sense to the gravity. 

In function of this displacement and taking the Z direction shown in Figure 115, the 

result of the simulation are as follow: 

 

- Displacement: 

 
Figure 116: Displacements of the right cleaning head 
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- Velocity: 

 
Figure 117: Velocity of the right cleaning head 

- Acceleration: 

 
Figure 118: Acceleration of the right cleaning head 

- Torque in z direction: 

 
Figure 119: Torque in z direction in the joint on right side 
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- Force in axial direction: 

 
Figure 120: Axial force in the joint on right side 

- Radial force: 

 
Figure 121: Radial force in Y direction in the joint on right side 

 

 
Figure 122: Radial force in X direction in the joint on right side 
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5. Discussion  
 

5.1. About the methodology used 
After to show the most significant models that exist today about the Product Design and 

Development mentioned in section 2. It was decided to analyze the advantages and 

disadvantages for each one with the purpose to develop a specific model, which fit 

better for our design purposes.   

 

Regarding the Pahl and Beitz method, mentioned in the section 2.1, it was concluded 

that this method has the disadvantage of making the design work as a sequential, orderly 

and too strict. This is not real since the design is a complex interaction between 

different people and those with the environment, so the design is considered as a 

variable and iterative process, as described in the methods mentioned in the sections 2.2 

and 2.3. 

 

Regarding the Ullman method it has the advantage that setting the specifications as an 

interactive process of several parts, to it used the method called QFD explained in the 

section 2.2. The difficulty to apply this technique lies in that it is not easy to get all the 

information needed to build the matrix, especially in case of the development of truly 

innovative products where it is impossible to make the comparison of existing products 

to customer requirements.  

 

 About the last method studied, the Eppinger and Ulrich Method mentioned in the 

section 2.3 . I can say that the main difference with previous model is its high capacity 

of iteration and easy adaptability to changes that may arise, as well as the continued 

development of specifications, which doesn't finish setting until the detail design start. 

 

In base of these reflections it was developed the methodology applied in this project 

which is explained in the section 3.1.  

Once the project it has been performed, I can conclude the next: 

- The documentation performed in the product planning phase it was helpful to 

understand the need to create this new product and to know the features that it had 

to have to be competitive in the market. About this phase I can say that it was 

constantly updated, so it was not possible to consider it as independent of the rest 

phases of the process, although the big part of it was performed in the beginning of 

the project. 

- As the methodology says in the section 3, the information obtained in the previous 

phase was useful as a start to set the design requirements and the design criteria. I 

can say about that, sometimes it was a hard task to clarify the customer need's since 

some of them induced to misunderstanding, for example the need to be portable. In 

a first moment it was understood that this requirement meant that the system had to 

be mobile itself. After a discussion with the customer it was understood that it 

meant that the system had to be carried in a truck or something similar, but it didn't 

have to move by itself. 

- Regarding the concept development phase, I can say it was a tricky task to get a 

satisfactory model to analyze in the detail design. To facilitate this task it was 

useful the technique to analyze the pros and cons for each concept since it did to 

come up new aspects and requirements to be considered. About this phase I can say 

as well that the idea to split the process in parts to develop concepts for each one it 

was useful to get the final concept but it was really difficult performed because the 
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most of them were related to each other. So in the practice it was not possible to 

give alternative solutions completely independent for each part. 

- Finally about the detail design I can say that it was very difficult to get right 

information about the technology desired to use for several aspects. First because I 

had to learn many theoretical aspects about it and then because data necessary just 

was not possible to obtain until consulting expert people from the different 

companies. 

 

5.2. About the  simulations results 
The result of these simulations is in base a rough calculation to evaluate the viability of 

the model since the most of the parameters used, they need to be established by tests, 

and it was impossible to get them in any other way. For it, it is necessary to clarify that 

it was taken some assumptions taken based on consulting with expert from the 

companies specialized in the sector and in relationship with values used in similar 

existing process. The assumptions taken were: 

 

- The suitable spray distances to the water is 8 inch (203.2 mm). 

- The suitable pressure is 100 bar to spray water. 

- The flow rate needed to spray water is around 6.5 l/min per nozzle. 

- The right spray angle for the water is 50º. 

- The right spray distance to the detergent it is 8 inch (203.2 mm) 

- The right pressure to spray detergent is 20 bars. 

- The right spray angle for the detergent is 80º. 

- The right coverage to dry the container is 300 mm. 

- The right pressure to dry the container is 2.8 bars. 

- The right air flow to dry the container it is 512 Nl/min per nozzle. 

 

In the case that it is decided to continue to develop this design, it will be necessary to 

perform the followings tests: 

- Test of impact, to figure out the right spray distance, pressure and flow rate 

needed to get the desired level of cleanliness in function of the amount of 

previous dirt inside the container. 

- Test of  speed, to figure out the right speed at which the system should move to 

obtain the desired degree of cleanliness. 

- Chemical test to figure out the kind of detergent needed and the amount in 

function of the pressure and temperature of the water. 

- Air test to figure out the right coverage, pressure and air flow to dry the 

container. 

 

 

5.3. About the design criteria 
In this section the design criteria established in the section 4.2.3 are revised to evaluate 

if the model developed meets them or not. In this section it was mentioned that the 

system should be: 

- Transportable: This feature will depend of how the rest of the whole system will 

look. But in reference to the design developed, it can be concluded that it won't be 

an obstacle since the weight of the whole cleaning head including the joint and the 

mechanical system isn't over the 160 kg. 
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- Effective cleaning: The design is perfectly compatible with the specifications 

established for it, since in the design of the system it was thought to work with high 

pressures (100 bars) and with high temperatures (65 ºC). 

- Different functions: The design meets this requirement since it is able to spray 

water, detergent and performs the drying operation. 

- Anticorrosive and antioxidant materials: The material selected for each component 

was mentioned in its corresponding section inside the FE analysis section. But as a 

summary it can be said that the material used are stainless steel AISI 304 annealed 

and aluminum 5086.  

The stainless steel is a kind of steel with a good behavior in corrosive environments 

and with good characteristics for the welding.(Sumitec, 2011) 

Also the aluminum 5086 behaves very good in corrosive environments and it is 

recommended when it is necessary to weld different parts.(Broncesbal, 2006) 

- No big changes in the container to be cleaned: This feature is totally met, since the 

design developed doesn‟t require any changes in the container.  

- Modular: The measures of the model are completely compatible with the capacity 

of the ISO container, so it can be installed in a 20', 40' or high cube container 

- Versatility: This feature is partially met, since in the theoretical idea the system 

should be used in trailers and in containers of the followings versions and possible 

sizes, that is: Standard, Thermal, opening side and ventilated in 20', 40' and high 

cube sizes.   

In practice, the design developed it is completely efficient for a container with the 

inside width and height shown in the next picture: 

 
Figure 123:  Optimal  external width and height of a container to the design selected 

The containers which have these measures are all mentioned above except the high 

cube and some types of trailers. To use this system in them, some recommendations 

are suggested in the next section. 

 

5.4. About futures developments 
If it is decided to develop this design, for the rest of components the following have to 

be taken in consideration: 

- If it is desired to meet with the design criteria of versatility, that is, it will be possible 

to use it in high cube container (which is higher than the standard ISO containers). It 

will be necessary to develop a system inside the container where all the system is 

going to be saved that is able to move the arm and cleaning head up and down to 

reach all parts of high cube container to be cleaned. With that kind of solution the 
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system will lose efficiency since some nozzles are in the correct distance (8 inches), 

another will be farther away , as it can see in the Figure 124: 

 
Figure 124: Position of the cleaning head when it is cleaning the top part of a high cube container. 

This problem could be avoided if it is possible to control when a nozzle is working. So 

that the nozzle will be switched on when it is at the correct distance as seen Figure 125: 

 
Figure 125: Aspect of the cleaning head when it is cleaning a high cube container with the nozzles in the 

bottom side turned off. 

- The fixation of the arm in the container where the system is stored should be 

able to resist the overturning moment caused by the weight of the cleaning head 

and the weight of the arm in its outer position. 

- Regarding the hydraulic system, it has to be considered with the purpose to not 

increase the weight of the cleaning head, that the pump is placed in the container 

where the whole system is saved. To transport the water from the pump along 

the arm and into the cleaning head hoses are needed that can be mounted on a 

reel. It was checked that it exists hoses able to resist ultra high pressure 

(USHOSECORPORATION, 2011) 

Taking this in consideration, the pump should be able to pump: 

 

o Water system: 

            
Equation 23: Total flow rate needed pumped by the pump for the water system 
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A flow rate of :                          at Pw1=100 bars and 

with a speed of v1= 2.59 m/s 

o Detergent system: 

            
Equation 24: Total flow rate needed pumped by the pump for the detergent system 

A flow rate of                        at Pw2= 20 bars with a 

flow speed of v2=0.79 m/s 

As the pump should be fitted in the container where the system is stored, it is 

likely that there is a high pressure drop since the travel of the flow will be long. 

So the power of the pump selected will have to be larger. 
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6. Conclusion 
This study has concluded that the idea to develop a fully automated system for internal 

container cleaning is a technically feasible solution to meet the regulations and improve 

the efficiency for this task.  

 

I believe that the design developed can be competitive in the market and interesting for 

the companies that provide containers since nothing similar exists. Just a single 

automated system exists, which was mentioned in section 4.1.3.2.2. However, I think 

our design can outperform it in two important aspects: 

- It is able to perform all process of cleaning without use of any other tools. 

- It takes less time since the movements required are more simple, so the 

containers will be less time waiting in line to be cleaned and therefore the 

companies will be able to use them sooner and in that way they will earn more 

money. 

 

The design can be considered as a success since as it was shown in the section 5.3 it 

meet with all the design criteria. 

 

This model is just a first design of what it can become. For it, nothing is fixed and all is 

possible to change it with the purpose to improve the system functionality in future 

versions. 
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Appendix A – Pressure Drop in bar 
for Various Pipe Diameters 
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Flow of Water Through Schedule 40 Steel Pipe

flow Pressure Drop in psi for Various Pipe Diameters
10 ft. Length Pipe flow Pressure Drop in bar for Various Pipe Diameters

10 m Length Pipe

gpm 1/8" 1/4" 3/8" 1/2" 3/4" 1" 1-1/4" 1-1/2" 2" 2-1/2" 3" 3-1/2" 4" 5" 6" 8" l/min 1/8" 1/4" 3/8" 1/2" 3/4" 1" 1-1/4" 1-1/2" 2" 2-1/2" 3" 3-1/2" 4" 5" 6" 8"

.3 .42 1 .07

.4 .70 .16 1.5 .16 .04

.5 1.1 .24 2 .26 .06

.6 1.5 .33 2.5 .40 .08

.8 2.5 .54 .13 3 .56 .12 .03

1.0 3.7 .83 .19 .06 4 .96 .21 .05 .02

1.5 8.0 1.8 .40 .12 6 2.0 .45 .10 .03

2.0 13.4 3.0 .66 .21 .05 8 3.5 .74 .17 .05 .01

2.5 4.5 1.0 .32 .08 10 1.2 .25 .08 .02

3.0 6.4 1.4 .43 .11 12 1.7 .35 .11 .03

4.0 11.1 2.4 .74 .18 .06 15 2.6 .54 .17 .04 .01

5.0 3.7 1.1 .28 .08 20 .92 .28 .07 .02

6.0 5.2 1.6 .38 .12 25 1.2 .45 .11 .03

8.0 9.1 2.8 .66 .20 .05 30 2.1 .62 .15 .04 .01

10 4.2 1.0 .30 .08 40 1.1 .25 .08 .02

15 2.2 .64 .16 .08 60 .54 .16 .04 .02 .006

20 3.8 1.1 .28 .13 .04 80 .93 .28 .07 .03 .009

25 1.7 .42 .19 .06 100 .43 .12 .05 .01

30 2.4 .59 .27 .08 115 .58 .14 .06 .015

35 3.2 .79 .36 .11 .04 130 .72 .18 .08 .02 .01

40 1.0 .47 .14 .06 150 .23 .10 .03 .012

45 1.3 .59 .17 .07 170 .29 .13 .04 .016

50 1.6 .72 .20 .08 190 .36 .16 .05 .02

60 2.2 1.0 .29 .12 .04 230 .50 .23 .07 .03 .009

70 1.4 .38 .16 .05 260 .32 .09 .04 .01

80 1.8 .50 .20 .07 300 .38 .11 .04 .02 .007

90 2.2 .62 .25 .09 .04 340 .50 .14 .06 .02 .009

100 2.7 .76 .31 .11 .05 380 .61 .18 .07 .03 .01

125 1.2 .47 .16 .08 .04 470 .28 .11 .04 .02 .009

150 1.7 .67 .22 .11 .06 570 .39 .15 .05 .03 .01

200 2.9 1.2 .39 .19 .10 750 .64 .26 .09 .04 .02 .007

250 .59 .28 .15 .05 950 .14 .06 .03 .01

300 .84 .40 .21 .07 1150 .19 .09 .05 .02

400 .70 .37 .12 .05 1500 .16 .08 .03 .01

500 .57 .18 .07 1900 .13 .04 .02

750 .39 .16 .04 2800 .09 .03 .009

1000 .68 .27 .07 3800 .16 .06 .02

2000 1.0 .26 7500 .23 .06

Recommended capacity range for each size is shown in outlined areas.

Spray Performance Considerations



 



 
 
 
 
 
 
 
 
 
 
Appendix B – Features and Benefits 
of WashJet Spray Nozzle 
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C41

Features and Benefits

• High pressure, high impact solid stream (0°) or flat fan spray pattern.

• Medium-sized drops.

• Spray angles of 5° to 65° at operating pressures from 300 to 4000 psi (20 to 275 bar).

• Uniform distribution by using internal guide vane to stabilize liquid turbulence.

• Quick visual reference for spray alignment with milled side flats.

• Longer wear life and flow control accuracy with especially hardened stainless steel construction.

• Key feature overview for WashJet nozzles:

– MEG – Spray angles of 0° to 65°.

– WEG – Spray angles of 0° to 65°.

– MEG-SSTC – Maximum erosion resistance with tungsten carbide orifice inserts and spray angles 
of 0° to 65°.

– 23990 – Additional exterior protection provided by a nylon outer covering. Spray angles of 0° to 80°.

– 48099 – Adjustable from 0° to 80° to 3000 psi (200 bar) and an orifice of hardened stainless steel for 
wear resistance and long life. Solid brass or stainless steel cap.

– 24055 – Adjustable high/low provides two pressure settings by sliding a valve and adjustable spray 
angles from up to 80° by rotating outer cover.

– IMEG® – Optimized fluid dynamics to minimize turbulence and maximize spray performance with 
our patented design and superior chemical/corrosion resistance provided by a hardened shield. 
Spray angles of 0° to  80°.

Spray Nozzles, High Impact Spray

1/8" to 1/4" NPT or BSPT (F)

2405523990 48099

MEG MEG-SSTCWEG

High 4000 psi (275 bar) 
max. pressure

1/8" to 1/4" NPT or BSPT (M)

IMEG

1/8" to 1/4" NPT or BSPT (F) Tungsten carbide orifice insert
1/4" NPT or BSPT (M)

1/8" to 1/4" NPT or BSPT (M)

1/8" to 1/4" NPT or BSPT (F)1/8" to 1/4" NPT or BSPT (F)

Fran
Óvalo



 



 
 
 
 
 
 
 
 
 
Appendix C – WashJet nozzle: 
Performance Data.   
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C44

Capacity
Low Pressure Setting*

bar l/min

3 8.3

7 12.6

10 15

20 21

*Capacity at low pressure 
setting is equivalent to a 
–20 capacity nozzle.

*At the stated pressure in bar.

Capacity
Size

Capacity
High Pressure Setting

(liters per minute)*

35 40 45 60 80 100 140

02 2.7 2.9 3.1 3.5 4.1 4.6 5.4

03 4.0 4.3 4.6 5.3 6.1 6.8 8.1

035 4.7 5.0 5.4 6.2 7.1 8.0 9.4

04 5.4 5.8 6.1 7.1 8.2 9.1 10.8

045 6.1 6.5 6.9 7.9 9.2 10.3 12.1

05 6.7 7.2 7.6 8.8 10.2 11.4 13.5

055 7.4 7.9 8.4 9.7 11.2 12.5 14.8

06 8.1 8.6 9.2 10.6 12.2 13.7 16.2

065 8.8 9.4 9.9 11.5 13.3 14.8 17.5

07 9.4 10.1 10.7 12.4 14.3 16.0 18.9

075 10.1 10.8 11.5 13.2 15.3 17.1 20

08 10.8 11.5 12.2 14.1 16.3 18.2 22

10 13.5 14.4 15.3 17.7 20 23 27

*At the stated pressure in bar.

Capacity
Size

Capacity
(liters per minute)*

20 35 45 60 80 100 140 170 200

02 2.0 2.7 3.1 3.5 4.1 4.6 5.4 5.9 6.4

03 3.1 4.0 4.6 5.3 6.1 6.8 8.1 8.9 9.7

035 3.6 4.7 5.4 6.2 7.1 8.0 9.4 10.4 11.3

04 4.1 5.4 6.1 7.1 8.2 9.1 10.8 11.9 12.9

045 4.6 6.1 6.9 7.9 9.2 10.3 12.1 13.4 14.5

05 5.1 6.7 7.6 8.8 10.2 11.4 13.5 14.9 16.1

055 5.6 7.4 8.4 9.7 11.2 12.5 14.8 16.3 17.7

06 6.1 8.1 9.2 10.6 12.2 13.7 16.2 17.8 19.3

065 6.6 8.8 9.9 11.5 13.3 14.8 17.5 19.3 21

07 7.1 9.4 10.7 12.4 14.3 16.0 18.9 21 23

075 7.6 10.1 11.5 13.2 15.3 17.1 20 22 24

08 8.2 10.8 12.2 14.1 16.3 18.2 22 24 26

085 8.7 11.5 13.0 15.0 17.3 19.4 23 25 27

09 9.2 12.1 13.8 15.9 18.3 21 24 27 29

095 9.7 12.8 14.5 16.8 19.4 22 26 28 31

10 10.2 13.5 15.3 17.7 20 23 27 30 32

11 11.2 14.8 16.8 19.4 22 25 30 33 35

12 12.2 16.2 18.3 21 24 27 32 36 39

14 14.3 18.9 21 25 29 32 38 42 45

16 16.3 22 24 28 33 36 43 48 52

18 18.3 24 28 32 37 41 49 53 58

20 20 27 31 35 41 46 54 59 64

22 22 30 34 39 45 50 59 65 71

*At the stated pressure in bar.

Inlet
Conn.
(in.)

Spray Angle
at 3 bar Capacity

Size

Capacity
(liters per minute)*

5° 10° 15° 25° 40° 50° 65° 80° 20 25 35 40 45 60 80 100 140 170 200 250 275

1/8, 1/4

l l l l l l l l 03 3.1 3.4 4.0 4.3 4.6 5.3 6.1 6.8 8.1 8.9 9.7 10.8 11.3

l l l l l l l l 035 3.6 4.0 4.7 5.0 5.4 6.2 7.1 8.0 9.4 10.4 11.3 12.6 13.2

l l l l l l l l 04 4.1 4.6 5.4 5.8 6.1 7.1 8.2 9.1 10.8 11.9 12.9 14.4 15.1

l l l l l l l l 045 4.6 5.1 6.1 6.5 6.9 7.9 9.2 10.3 12.1 13.4 14.5 16.2 17.0

l l l l l l l l 05 5.1 5.7 6.7 7.2 7.6 8.8 10.2 11.4 13.5 14.9 16.1 18.0 18.9

l l l l l l l l 055 5.6 6.3 7.4 7.9 8.4 9.7 11.2 12.5 14.8 16.3 17.7 19.8 21

l l l l l l l l 06 6.1 6.8 8.1 8.6 9.2 10.6 12.2 13.7 16.2 17.8 19.3 22 23

l l l l l l l l 065 6.6 7.4 8.8 9.4 9.9 11.5 13.3 14.8 17.5 19.3 21 23 25

l l l l l l l l 07 7.1 8.0 9.4 10.1 10.7 12.4 14.3 16.0 18.9 21 23 25 26

l l l l l l l l 075 7.6 8.5 10.1 10.8 11.5 13.2 15.3 17.1 20 22 24 27 28

l l l l l l l l 08 8.2 9.1 10.8 11.5 12.2 14.1 16.3 18.2 22 24 26 29 30

IMEG®

Performance Data

Spray Nozzles, High Impact Spray

23990 and 48099 24055
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Appendix D – Properties of most 
common stainless steels 
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Appendix E – Mechanical properties 
of most common stainless steels 

 

 

 

 

 

 

 

 

 

 

 

 



 





 



 
 
 
 
 
 
 
 
 
 
Appendix F – Maximum Service 
Pressure for Schedule 40S and 80S 
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Appendix G – Elbow 90º Long Radius 
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Appendix H – Water pipe drawings 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 







 
 
 
 
 
 
 
 
 
 
Appendix I – WashJet nozzle: 
Dimension and weight. 
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Standard Nozzle
Type

Inlet
Conn.
(in.)

Length
(mm)

Hex.
(mm)

Flats
(mm)

Dia.
(mm)

Net
Weight

(kg)

MEG
(M)

1/8 22 12.7 7.9 – .02

1/4 23 flat
26 solid 14.3 10.3 – .02

SS 1/8 25 14.3 – – .02

WEG
(F)

1/8 25 12.7 7.9 – .02

1/4 29 15.9 7.9 – .03

23990
(F)

1/8 48 22.2 – 30.2 .09

1/4 48 22.2 – 30.2 .09

48099
(F)

1/8 48 22.2 – 30.2 .14

1/4 48 22.2 – 30.2 .14

24055
(F)

1/8 97 22.2 – 34.9 .19

1/4 97 22.2 – 34.9 .19

IMEG®

(M)

1/8 22 12.7 7.9 – .02

1/4 23 14.3 10.3 – .02

Based on largest/heaviest version of each type.

Dimensions and Weights

Spray Nozzles, High Impact Spray

Standard Spray nozzle

23990 – 1/4 – 02
I I I

Nozzle
Type

Inlet
Conn.

Capacity
Size

Standard Spray nozzle

1/4 MeG – 15 04
I I I I

Inlet
Conn.

Nozzle
Type

Spray
Angle

Capacity
Size

Ordering Info

BSPT connections require the addition of a “B” prior to the 
inlet connection.

MeG WashJet nozzles used to wash 
heat exchanger tube bundle.
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Appendix J – Veejet H-VV nozzle. 
Performance Data 
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*At the stated pressure in bar.

Spray
Angle

at
3 bar

Nozzle Type/
Inlet Conn. (in.)

Capacity
Size

Equiv.
Orifice

Dia.
(mm)

Capacity
(liters per minute)*

Spray
Angle

(°)*H-VV H-VVL H-DT

1/8 1/4 1/8 1/4 1/8 1/4 0.4 0.7 1.5 2 3 4 6 7 15 20 35 1.5 3 6 15

110°

l l l l 01 .66 .14 .19 .28 .32 .39 .46 .56 .60 .88 1.0 1.3 94 110 121 124

l l l l 015 .81 .22 .29 .42 .48 .59 .68 .84 .90 1.3 1.5 2.0 97 110 121 124

l l l l l 02 .89 .29 .38 .56 .64 .79 .91 1.1 1.2 1.8 2.0 2.7 98 110 120 123

l l l l l 03 1.1 .43 .57 .84 .97 1.2 1.4 1.7 1.8 2.6 3.1 4.0 99 110 120 123

l l l l l l 04 1.3 .58 .76 1.1 1.3 1.6 1.8 2.2 2.4 3.5 4.1 5.4 100 110 119 122

l l l l l 05 1.4 .72 .95 1.4 1.6 2.0 2.3 2.8 3.0 4.4 5.1 6.7 100 110 118 122

l l l l l l 06 1.5 .86 1.1 1.7 1.9 2.4 2.7 3.4 3.6 5.3 6.1 8.1 101 110 117 122

l l l l l 08 1.8 1.2 1.5 2.2 2.6 3.2 3.6 4.5 4.8 7.1 8.2 10.8 102 110 117 121

l l l l l l 10 2.0 1.4 1.9 2.8 3.2 3.9 4.6 5.6 6.0 8.8 10.2 13.5 103 110 117 119

l l l l l 15 2.4 2.2 2.9 4.2 4.8 5.9 6.8 8.4 9.0 13.2 15.3 20 104 110 117 118

95°

l l l 0050 .46 – – .14 .16 .20 .23 .28 .30 .44 .51 .67 81 95 105 113

l l l l 01 .66 .14 .19 .28 .32 .39 .46 .56 .60 .88 1.0 1.3 81 95 105 113

l l l 015 .81 .22 .29 .42 .48 .59 .68 .84 .90 1.3 1.5 2.0 82 95 105 113

l l l l l l 02 .89 .29 .38 .56 .64 .79 .91 1.1 1.2 1.8 2.0 2.7 82 95 105 113

l l l l l 03 1.1 .43 .57 .84 .97 1.2 1.4 1.7 1.8 2.6 3.1 4.0 83 95 104 111

l l l l l l 04 1.3 .58 .76 1.1 1.3 1.6 1.8 2.2 2.4 3.5 4.1 5.4 84 95 103 108

l l l l l 05 1.4 .72 .95 1.4 1.6 2.0 2.3 2.8 3.0 4.4 5.1 6.7 84 95 102 107

l l l l l l 06 1.5 .86 1.1 1.7 1.9 2.4 2.7 3.4 3.6 5.3 6.1 8.1 86 95 101 106

l l 065 1.6 .94 1.2 1.8 2.1 2.6 3.0 3.6 3.9 5.7 6.6 8.8 86 95 101 106

l l l l l l 08 1.8 1.2 1.5 2.2 2.6 3.2 3.6 4.5 4.8 7.1 8.2 10.8 87 95 100 105

80°

l l l l 0050 .46 – – .14 .16 .20 .23 .28 .30 .44 .51 .67 61 80 95 101

l l l l 0067 .53 – .13 .19 .22 .26 .31 .37 .40 .59 .68 .90 67 80 94 99

l l l l l l 01 .66 – .19 .28 .32 .39 .46 .56 .60 .88 1.0 1.3 68 80 89 92

l l l l 015 .81 – .29 .42 .48 .59 .68 .84 .90 1.3 1.5 2.0 68 80 89 92

l l l l l l 02 .89 .29 .38 .56 .64 .79 .91 1.1 1.2 1.8 2.0 2.7 69 80 88 91

l l l l l l 03 1.1 .43 .57 .84 .97 1.2 1.4 1.7 1.8 2.6 3.1 4.0 70 80 87 90

l l l l l l 04 1.3 .58 .76 1.1 1.3 1.6 1.8 2.2 2.4 3.5 4.1 5.4 71 80 86 89

l l l l l l 05 1.4 .72 .95 1.4 1.6 2.0 2.3 2.8 3.0 4.4 5.1 6.7 71 80 86 89

l l l l l l 06 1.5 .86 1.1 1.7 1.9 2.4 2.7 3.4 3.6 5.3 6.1 8.1 72 80 85 88

l l l 07 1.7 1.0 1.3 2.0 2.3 2.8 3.2 3.9 4.2 6.2 7.1 9.4 72 80 85 88

l l l l l l 08 1.8 1.2 1.5 2.2 2.6 3.2 3.6 4.5 4.8 7.1 8.2 10.8 72 80 84 87

l l l l 09 1.9 1.3 1.7 2.5 2.9 3.6 4.1 5.0 5.4 7.9 9.2 12.1 73 80 84 87

73°

l l l l l 0077 .58 – .15 .21 .25 .30 .35 .43 .46 .68 .78 1.0 53 73 86 92

l l l l 0154 .81 .22 .29 .43 .50 .61 .70 .86 .93 1.4 1.6 2.1 55 73 84 88

l l 0231 .97 .33 .44 .64 .74 .91 1.1 1.3 1.4 2.0 2.4 3.1 56 73 83 87

l l l l 0308 1.2 .44 .59 .86 .99 1.2 1.4 1.7 1.9 2.7 3.1 4.2 58 73 82 86

l l 0462 1.4 .67 .88 1.3 1.5 1.8 2.1 2.6 2.8 4.1 4.7 6.2 60 73 80 84

l l 0770 1.8 1.1 1.5 2.1 2.5 3.0 3.5 4.3 4.6 6.8 7.8 10.4 64 73 77 82

Performance Data

Spray Nozzles, Standard Spray
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Appendix K – Detergent pipe 
drawings. 

 

 

 

 

 

 

 

 

 

 

 

 



 







 
 
 
 
 
 
 
 
 
 
Appendix L – VeeJet H-VV nozzle. 
Dimension and weight 
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C11

Dimensions and Weights

Mesh Selection Guide

Orifice
Dia.

in. (mm)

Recommended
Screen
Mesh

Up through
.018 (.46) 200

.019 (.47)
through
.031 (.79)

100

.032 (.80)
and larger 50

Materials

Material Material
Code

Nozzle Type

H-VV H-VVL H-DT H-U H-DU U

Brass (none) l l l l l l

Mild Steel l l l l

303 Stainless Steel SS l l l l l l

316 Stainless Steel 316SS l l l

Polyvinyl Chloride PVC l l

Other materials available upon request.

Spray Nozzles, Standard Spray

Ordering Info

Standard Spray nozzle

H 1/4 VV – SS 110 10
l l l l l l

Nozzle
Prefix

Inlet
Conn.

Nozzle
Type

Material
Code

Spray
Angle

Capacity
Size

Standard Spray nozzle

1 U – SS 50 500
I I I I I

Inlet
Conn.

Nozzle
Type

Material
Code

Spray
Angle

Capacity
Size

BSPT connections require the addition of a “B” prior to the inlet connection.

Standard Nozzle
Type

Inlet
Conn.
(in.)

Length
(mm)

Hex.
(mm)

Net
Weight

(kg)

H-VV
(M)

1/8 22 12.7 .02

1/4 23 14.3 .03

H-VVL
(M)

1/8 36 12.7 .02

1/4 38 14.3 .03

H-DT
(F)

1/8 19.1 12.7 .03

1/4 19.8 15.9 .04

H-U
(M)

1/8 22 12.7 .02

1/4 25 14.3 .03

3/8 32 17.5 .04

1/2 38 22.2 .06

3/4 51 27 .14

H-DU
(F)

1/8 28.6 12.7 .04

1/4 31.8 15.9 .06

U
(M)

1 64 33.3 dia. .26

1-1/4 95 42.9 dia. .57

2 127 60.3 dia. 1.9

Based on largest/heaviest version of each type.
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Appendix M – Key considerations for 
selecting air control nozzles. 
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Technical Data

Effective spray coverage
Spray coverage is described as the width of the spray 
pattern for a flat fan air control nozzle. Effective spray 
coverage is the width of the fan, which comprises 
a minimum spray force measurement. This coverage 
can be used as a guide for spacing nozzles. Effective 
spray coverage varies for different types of air control 
nozzles. The graph shows a selected variety from each 
of the families. While effective coverage is relatively 
consistent above 40 psi (2.8 bar), it may decrease 
at lower pressures. In general, effective coverage 
increases as distance from the nozzle increases.

Sound level
Capacity and nozzle design both affect noise levels. 
In general, higher flow rates increase noise levels. 
Other factors include air pressure and obstructions 
in the nozzle’s path. Sound level tests shown on the 
accompanying graph were conducted by blowing into 
an open space with no reverberation. Spraying the 
nozzle against objects will increase sound levels.

Key Considerations
for Selecting Air Control Nozzles
There are four main characteristics that should be considered when selecting an air control nozzle. 
They are effective spray coverage, sound level, lineal impact force, and specific impact force. 
Each characteristic plays a role in choosing the most effective nozzle for a given application.

Effective Spray Coverage at 40 psig (2.8 bar) 
Selected Air Control Nozzles

30

25
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15

10

5

0

Sp
ra

y 
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ge

0    5      10                    15             20                      25                 30

Distance from Orifice

0 130 250    380   510      640       760
inches
mm

760

640

510

380

250

130

0

inchesmm

3/8TT "U" Nozzle
1/4K 2 FloodJet® Nozzle
1/4K 20 FloodJet Nozzle
AA727-15 WindJet® Nozzle
57080-2 Air Amplifier (2" Outlet Dia.)

0 0.7 1.4 2.1 2.8 3.5 4.1 4.8 5.5 6.2 6.9

100

90

80

70
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50

So
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0         10         20         30          40        50         60         70         80         90      100  

Pressure

Sound Level at 3 feet (0.9 m) 
Selected Air Control Products 

psig
bar

dB(A)

AA727-15 WindJet Nozzle
AA707-15 WindJet Nozzle
3/8TT "U" Nozzle
1/4K 20 FloodJet Nozzle
57070-12 Low Flow Air Knife 
(12" long)
57080-2 Air Amplifier
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Technical Data

Lineal and Specific Impact Force
There are two types of impact to consider when selecting
air control nozzles: lineal impact and maximum specific
impact. Both lineal and specific impact increase with 
pressure. When capacities are the same, a nozzle with 
a smaller coverage will have greater impact than one 
with a wider coverage. Lineal impact indicates relative
force per unit distance across the spray width. Flat spray
patterns have fairly uniform impact distribution across 
the effective spray coverage. Spacing of nozzles in 
a header according to the effective spray coverage 
will provide consistent lineal impact across the entire 
length of the target surface. Maximum specific impact 
is a direct indication of spray intensity applied to a surface.
It provides maximum force per unit area information, 
which can be used to compare spray effectiveness 
under various conditions.

0 5 10 15 20 25 30 inches
0 130 250 380 510 640 760 mm

Distance from Orifice

Lineal Impact at 40 psig (2.8 bar)
Selected Air Control Products

0.56

0.45

0.34

0.22

0.11

0

lb/in

0.100

kg/cm

0.080

0.060

0.040

0.020

0.000
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AA727-15 WindJet® Nozzle
3/8TT "Q" Blow-off Nozzle
3/8TT "U" Blow-off Nozzle
3/8TT "V" Blow-off Nozzle
57070-12 Low Flow Air Knife
57080-2 Air Amplifier

Sp
ec
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c 
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Distance from Orifice

Maximum Specific Impact at 40 psig (2.8 bar) 
Selected Air Control Nozzles

0                            5                               10                             15                        20

1.0

0.8

0.6

0.4

0.2

0.0

0                          130                         250                         380                     510

6.9

5.5

4.1

2.8

1.4

0.0

kPa

inches

psig

mm

AA707-15 WindJet Nozzle
1/4K 20 FloodJet® Nozzle 

AA727-15 WindJet Nozzle

3/8TT "U" Blow-off Nozzle
57070-12 Low Flow Air Knife 
57080-2 Air Amplifier

5 (.3) .5 (.85) 1.2 (2.0) 2.7 (4.6) 4.9 (8.3) 6.6 (11.2) 13 (22) 27 (46) 40 (68) 80 (136) 135 (229) 240 (408)

10 (.7) .8 (1.4) 1.7 (2.9) 3.9 (6.6) 7.7 (13.1) 11.0 (18.7) 21 (36) 44 (75) 64 (109) 125 (212) 200 (340) 370 (628)

20 (1.4) 1.3 (2.2) 3.0 (5.1) 6.6 (11.2) 13.0 (22) 18.5 (31) 35 (59) 75 (127) 110 (187) 215 (365) 350 (594) 600 (1019)

40 (2.8) 2.5 (4.2) 5.5 (9.3) 12.0 (20) 23.0 (39) 34.0 (58) 62 (105) 135 (229) 200 (340) 385 (654) 640 (1087) 1100 (1868)

60 (4.1) 3.5 (5.9) 8.0 (13.6) 18.0 (31) 34.0 (58) 50.0 (85) 93 (158) 195 (331) 290 (492) 560 (951) 900 (1528) 1600 (2717)

80 (5.5) 4.7 (8.0) 10.5 (17.8) 23.0 (39) 44.0 (75) 65.0 (110) 120 (204) 255 (433) 380 (645) 720 (1223) 1200 (2038) 2100 (3566)

100 (6.9) 5.8 (9.8) 13.0 (22) 29.0 (49) 54.0 (92) 80.0 (136) 150 (255) 315 (535) 470 (798) 900 (1528) 1450 (2462) 2600 (4415)

Nominal Standard Pipe Size scfm (Nl/min)

1/8" 1/4" 3/8" 1/2" 3/4" 1" 1-1/4" 1-1/2" 2" 2-1/2" 3"
Applied Pressure 

PSIG (bar)

Air Flow Through Schedule 40 Steel Pipe
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Appendix N – Drying pipe drawings 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 







 
 
 
 
 
 
 
 
 
 
Appendix O – FloodJet nozzle. 
Dimension and weight and 
Performance Data 
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Air Control Nozzles
FloodJet® K

Dimensions & Weights

Based on largest/heaviest version of each type.

Inlet Conn.
NPT or BSPT

A
Inches (mm)

B
Inches (mm)

Weight 
oz (kg)

1/8 (M)

1/4 (M)

3/8 (M)

1-7/16 (37)

1-13/32 (36)

1-3/4 (45)

9/16 (14)

9/16 (14)

11/16 (18)

1 (.03)

1 (.03)

2 (.06)

B

A

B Denotes BSPT connection. No code is needed for NPT connection.

Ordering Information

FloodJet K Complete Nozzle

B 1 / 8  K  —  S S  —  1 0
| | | |

Inlet Nozzle Material Capacity
Conn. Type Code Size

Inlet Conn. 
NPT or BSPT

1/8 1/4 3/8

Capacity 
scfm (Nl/min)

10 psi (.7 bar) 30 psi (2 bar) 60 psi (4 bar)

Orifice Dia
Inches  (mm)

Capacity
Size

Coverage at 
6" (150 mm)

10 psi (.7 bar) 50 psi (3.5 bar)

Performance Data

.50 .024 (.61) .16 (4.5) .30 (8.1) .40 (12.0) 2 (51) 5 (127)

.75 .028 (.71) .22 (6.2) .40 (11.5) .60 (17.3) 2.5 (64) 5.5 (140)

1 .033 (.84) .34 (9.6) .60 (17.4) .90 (26) 3 (76) 6 (152)

1.5 .041 (1.0) .54 (15.3) 1.0 (28) 1.5 (41) 3.5 (89) 6.5 (165)

2 .046 (1.2) .68 (19.3) 1.2 (35) 1.9 (53) 4 (102) 7.5 (190)

2.5 .052 (1.3) .94 (27) 1.7 (48) 2.6 (74) 4 (102) 7.5 (190)

3 .057 (1.5) 1.1 (31) 2.1 (58) 3.1 (89) 5 (127) 8 (203)

4 .065 (1.7) 1.4 (40) 2.5 (71) 4.0 (113) 5 (127) 9 (228)

5 .073 (1.9) 1.9 (54) 3.4 (96) 5.1 (144) 6 (152) 10.5 (267)

7.5 .091 (2.3) 2.8 (79) 5.2 (146) 7.8 (220) 6 (152) 10.5 (267)

10 .104 (2.6) 3.9 (110) 7.1 (200) 10.6 (300) 7 (178) 11 (279)

15 .129 (3.3) 6.4 (181) 11.7 (330) 17.4 (493) 7 (178) 12 (305)

20 .148 (3.8) 7.9 (225) 14.5 (409) 21.7 (615) 8.5 (216) 14.5 (368)

30 .180 (4.6) 11.4 (320) 20.7 (586) 31.1 (881) 8.5 (216) 15.5 (394)

•

•

•

•

• •

• •

• •

•

• •

• •

• •

• •

• •

•

Connection Codes Material Codes

(none) Brass

SS 303 Stainless Steel

316SS 316 Stainless Steel

PVC Polyvinyl Chloride

NPT (none)

BSPT B

Fran
Rectángulo

Fran
Rectángulo



 



 
 
 
 
 
 
 
 
 
 
Appendix P – Anchor structure 
drawings 

 

 

 

 

 

 

 

 

 

 

 

 



 







 
 
 
 
 
 
 
 
 
Appendix Q – Clamps drawings to fix 
the shaft to the anchor structure. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 





 



 
 
 
 
 
 
 
 
 
 
Appendix R – Water, Detergent and 
Drying clamps drawings. 

 

 

 

 

 

 

 

 

 

 

 

 



 









 



 
 
 
 
 
 
 
 
 
 
 
Appendix S – Shaft drawings 

 

 

 

 

 

 

 

 

 

 

 

 



 







 
 
 
 
 
 
 
 
 
Appendix T – OPTIBELT ZR Timing 
belts 
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optibelt ZR / ZR D 

 Offi ce equipment  Copiers
 Data processing  Printers
 Household appliances  Mixers 
 Gardening equipment  Scarifi ers, aerators
 Film and photographic
  technology   Film cameras
 D. I.Y. tools  Planes 
 Packing machines   Measuring drives
 Conveying technology   Control unit drives

The most salient features of the Optibelt ZR timing belts 
are the high quality neoprene compounds, the
extremely fl exible tension cords made of glass fi bre and 
the abrasion-resistant protective fabric. A certain level 
of oil, heat and cold resistance are standard features of 
ZR timing belts.

Advantages
● Synchronous torque transmission
● Broad performance range
● Low bearing loading
● High level of fl exibility
● Extremely small pulley diameters

Customised versions tailored to a particular application 
can be provided on request.

Examples of Applications

Sections:
ZR: MXL; XL; L; H; XH; XXH
ZR D: D-XL; D-L; D-H
ZR: endless timing belts 
    XL; L; H

Dimensions:
ZR: 91 to 4 572 mm
ZR D: 381 to 4 318 mm
other sizes on request

Timing pulleys Optibelt ZRS:
standard timing pulleys for
cylindrical bores ZR: XL; L; H; XH
standard timing pulleys for taper 
bushes ZR: L; H; XH
special pulleys on request

ZR

ZR D



38

Profil Profile L – Teilung pitch 9,525 mm Profil Profile H – Teilung pitch 12,7 mm

Artikel- 
Bezeichnung 
Designation

Wirklänge Pitch length
Anzahl 

der Zähne 
Number 
of teeth

Artikel- 
Bezeichnung 
Designation

Wirklänge Pitch length
Anzahl 

der Zähne 
Number 
of teeth

(Zoll inch) (mm) (Zoll inch) (mm)

optibelt ZR  Zahnriemen 
Timing Belts

	 109	L	 10,88	 276,23	 29 
 124 L 12,38 314,33 33 
 150 L 15,00 381,00 40 
 165 L 16,50 419,10 44 
 169 L 16,88 428,63 45
	 173	L	 17,25	 438,15	 46 
	 187	L	 18,75	 476,25	 50 
 202 L 20,25 514,35 54 
 210 L 21,00 533,40 56 
	 225	L	 22,50	 571,50	 60
 232 L 23,25 590,55 62 
 236 L 23,63 600,08 63 
 240 L 24,00 609,60 64 
	 255	L	 25,50	 647,70	 68 
	 259	L•	 25,90	 657,23	 69
	 263	L•	 26,30	 666,75	 70 
	 270	L	 27,00	 685,80	 72 
	 285	L	 28,50	 723,90	 76 
	 300	L	 30,00	 762,00	 80 
 322 L 32,25 819,15 86
	 345	L	 34,50	 876,30	 92 
 360 L 36,00 914,40 96 
	 367	L	 36,75	 933,45	 98 
	 375	L	 37,50	 952,50	 100 
 390 L 39,00 990,60 104
	 405	L	 40,50	 1028,70	 108 
 420 L 42,00 1066,80 112 
	 424	L•	 42,38	 1076,33	 113 
	 427	L•	 42,75	 1085,85	 114 
 435 L 43,50 1104,90 116
 450 L 45,00 1143,00 120 
 454 L 45,38 1152,53 121 
 480 L 48,00 1219,20 128 
 510 L 51,00 1295,40 136 
 525 L 52,50 1333,50 140
	 540	L	 54,00	 1371,60	 144 
 600 L 60,00 1524,00 160 
 630 L 63,00 1600,20 168 
	 660	L	 66,00	 1676,40	 176 

Weitere Abmessungen auf Anfrage. Further sizes on request. • Keine Lagerware, Mindestabnahme: 2 Wickel. • Non stock items, minimum order quantity: 2 sleeves.

 230 H 23,00 584,20 46 
 240 H 24,00 609,60 48 
	 255	H	 25,50	 647,70	 51 
	 270	H	 27,00	 685,80	 54 
	 280	H	 28,00	 711,20	 56
	 300	H	 30,00	 762,00	 60 
	 310	H	 31,00	 787,40	 62 
 315 H 31,50 800,10 63 
 320 H 32,00 812,80 64 
 330 H 33,00 838,20 66
	 335	H	 33,50	 850,90	 67 
 340 H 34,00 863,60 68 
	 350	H	 35,00	 889,00	 70 
	 360	H	 36,00	 914,40	 72 
	 370	H	 37,00	 939,80	 74
	 375	H	 37,50	 952,50	 75 
	 390	H	 39,00	 990,60	 78 
 400 H 40,00 1016,00 80 
 410 H 41,00 1041,40 82 
 420 H 42,00 1066,80 84
 430 H 43,00 1092,20 86 
 450 H 45,00 1143,00 90 
 465 H 46,50 1181,10 93 
 480 H 48,00 1219,20 96 
 490 H 49,00 1244,60 98
 510 H 51,00 1295,40 102 
 520 H 52,00 1320,80 104 
 530 H 53,00 1346,20 106 
	 540	H	 54,00	 1371,60	 108 
 560 H 56,00 1422,40 112
	 570	H	 57,00	 1447,80	 114 
	 580	H	 58,00	 1473,20	 116 
 600 H 60,00 1524,00 120 
 630 H 63,00 1600,20 126 
 650 H 65,00 1651,00 130
	 660	H	 66,00	 1676,40	 132 
	 670	H	 67,00	 1701,80	 134 
	 680	H	 68,00	 1727,20	 136 
	 700	H	 70,00	 1778,00	 140 
	 720	H	 72,00	 1828,80	 144
	 730	H	 73,00	 1854,20	 146 
	 750	H	 75,00	 1905,00	 150 
	 770	H	 77,00	 1955,80	 154 
 800 H 80,00 2032,00 160 
	 810	H	 81,00	 2057,40	 162
 820 H 82,00 2082,80 164 
	 850	H	 85,00	 2159,00	 170 
	 860	H	 86,00	 2184,40	 172 
 900 H 90,00 2286,00 180 
 950 H 95,00 2413,00 190
 1000 H 100,00 2540,00 200 
	 1100	H	 110,00	 2794,00	 220 
 1120 H 112,00 2844,80 224 
 1140 H 114,00 2895,60 228 
 1150 H 115,00 2921,00 230
	 1250	H	 125,00	 3175,00	 250 
 1400 H 140,00 3556,00 280 
	 1700	H	 170,00	 4318,00	 340

Breite Standard widths: 
Profil Profile L: 1/2” – Code 050; 3/4” – Code 075; 1” – Code 100.

Breite Standard widths: 
Profil Profile H: 3/4” – Code 075; 1” – Code 100; 1 1/2” – Code 150; 2” – Code 200; 3” – Code 300.

(nur Mittelwerte nominal dimensions – mm) L H
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Appendix U- Electric Gearmotor 
VWDIR 013Q227-0250 

 

 

 

 

 

 

 

 

 

 

 

 



 



Please enter your zip code to
find your nearest Bison
Representative and
Distributors.

 VWDIR08 AND VWDIR88 AC
207 Series Shaded Pole Open Fan Cooled >
013Q227-0250

<< Back   Print this
Page

QUICK SPECS

OHL* 150  OHL* 150

Voltage 115  Voltage 115

Speed
(RPM)

7  Speed
(RPM)

7

Torque
(in-lbs)

113**  Torque
(in-lbs)

113**

Ratio:1 250:1  Ratio:1 250:1

Amps 2.6  Amps 2.6

Hz 60  Hz 60

Enclosure OFC  Enclosure OFC

HP Rating 1/10  HP Rating 1/10

* Maximum overhung load on center of
output shaft
** Output Torque is gear limited

CAD DRAWING

 WIRING DIAGRAM

SPECIFICATIONS
Gearhead Specifications

Gearing:: Plastic High Speed & Steel

Lubrication:: Grease Filled

Bearings:: Porous Bronze Sleeve on Gear Case, Ball Bearings on Motor

Castings:: Zinc Die Cast

Features

Mounting:: All Position

Rotation:: CW Facing Output Shaft

Seals:: Lip-type on output

 

Bison Gear & Engineering Corp. // Redefining Robusticity™ for Over ... https://www.bisongear.com/specs.asp_Q_catID_E_99_A_subCatID_E...

1 de 1 27/06/2011 15:57
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Appendix V – SKF Spherical Roller 
Thrust Bearings 
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Appendix W – Joint structure 
drawings. 

 



 










