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Abstract: Wet processing industries and laboratories were facing dyeing problems because of its 

unmanageable dye accessories and inadequate technology. Basically, there are a lot of laboratory 

materials or equipment’s in a laboratory such as beakers, stoves, thermometer, and stirrers which 

required to be maintained. In the laboratory as a common practice both the dyeing process and the 

washing process are done separately at different places. This process takes space, cost and time as 

well. The cost of equipment’s like stove is expensive and moreover very difficult to repair with 

inadequate supply of spares. Washing is done manually and due to the chemicals used during the 

dyeing process that causes hazardous to the experimenter, resulting in different skin diseases, 

breathing problem and so on. The other problem is the amount of MLR is limited, maximum up to 

20gm of fabric so it is difficult or might cause uncertainty how the dye reacts on and its evenness 

or difficult to see if shade variation occurs on that particularly limited small sample. In this study 

we tried to solve two issues namely high cost due to material such as beaker, thermometer and 

expensive stoves. The Space minimization and improvement of experimenter safety is the other 

objective of this project and the design and development of integrated dyeing and washing machine 

process. Manual washing system was completely eliminated in the new design and methods to 

increase the MLR of the fabric from to 20gr to 1 kg. The fabrication was conducted at EiTEX 

laboratory, Bahir Dar University, Bahir Dar. The trails on the effective working of the machine 

were studied. The designed lab model is robust, easy to operate, safety to experimenter and at 

affordable cost. 
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1. INTRODUCTION  

Most textile dyeing processes initially 

involve transfer of the colored chemical, 

from the aqueous solution onto the fiber 

surface. It can be applied in many three 

stages. Initially mass-coloration of the 

molten fibers. This method is for dyeing the 

molten fibers or plastic chips or textile 

polymers with pigment dyes. After that, the 

molten or polymers will extrude from a 

spinneret to form fibers. Normally, the 

synthetic fibers are added with white pigment 

in order to give a hiding power (non-see 

through fabrics). Followed by fiber dyeing  is 

the method of dyeing fibers before blending 

with other colors to give fancy yarns or 

fabrics. This is used for special purposes 
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only. Finally yarn dyeing is the method of 

dyeing yarns in forms of hanks or packages 

dyeing. Coloration processes produce the 

most visible results of all the finishing 

operations carried out during the preparation 

of textile goods. As such they reveal both the 

care taken with the coloration and the degree 

of control exercised during other stages of the 

manufacturing process (Arthur, 2001). Fabric 

Dyeing is the method after weaving, knitting, 

or non-woven to make fabrics.  This is very 

popular method of dyeing as the dyed fabrics 

will be processed further to garment industry  

Dyeing Machine is the device that is used by 

different industries for imparting colors. 

Dyeing machines come in all shapes and 

sizes to accommodate the various forms and 

quantities of textile materials. Therefore, the 

most important types of machines, and their 

problems, will be at the forefront. Dye house 

machinery represents a large capital 

investment. The correct choice of equipment, 

and its effective use and maintenance, are 

important factors influencing the success of a 

dye house. Modern machines often have 

programmable microprocessors for 

automatic control of the process variables, 

particularly the dyeing temperature.  

According to the need of each type of 

substrate, different set of machines are put to 

use. The applications of this dyeing machine 

give an impetus to the products related to 

dyeing. However, rising energy prices is 

having a knock-on effect on manufacturing 

expenditure for dyeing machinery. 

Therefore, there will be greater interest 

globally in machinery that has a lower energy 

consumption along with heat recovery 

systems that is able to preheat the incoming 

cold feed water. As the needs of customers 

are changing, for satisfying those different 

types of dyeing machine are manufactured.  

Basically, there are a lot of laboratory 

materials or equipment’s to be maintained in 

the laboratory. Materials such as beakers, 

stoves, thermometer, and stirrers so on. In the 

laboratory the experiment done most of the 

time involves the dyeing process and the 

washing process during removing the 

residual chemicals done separately at 

different place. This process takes space, cost 

and time as well. The stove takes a space and 

it is expensive to buy, very difficult to repair 

it or even it might be very difficult to find its 

spares in the market even if we do it might be 

expensive to buy. Washing is done by 

manually as a result the chemicals used 

during the dyeing process will be hazardous 

to the experimenter by causing different 

diseases for instant skin diseases, breathing 

problem and so on specially if the 

experimenter work on a daily basis or longer 
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hour it might cause a problem on his/ her 

health. The other problem is the amount of 

MLR is limited, maximum up to 20gm of 

fabric so it is difficult or might cause 

uncertainty how the dye reacts on and its 

evenness.  

General Considerations in Machine Design 

i. Type of load and stresses caused by 

the load: The load, on a machine 

component, may act in several ways 

due to which the internal stresses are 

set up.  

ii. Motion of the parts or kinematics of 

the machine: The successful 

operation of any machine depends 

largely upon the simplest 

arrangement of the parts which will 

give the motion required. The motion 

of the parts may be: 

✓ Rectilinear motion which includes 

unidirectional and reciprocating 

motions.  

✓ Curvilinear motion which includes 

rotary, oscillatory and simple 

harmonic. 

✓ Constant velocity. 

iii. Selection of materials:  It is essential 

that a designer should have a 

thorough knowledge of the properties 

of the materials and their behavior 

under working conditions. Some of 

the important characteristics of 

materials are: strength, durability, 

flexibility, weight, resistance to heat 

and corrosion, ability to cast, welded 

or hardened, machine ability, 

electrical conductivity, etc.  

iv. Form and size of the parts: The form 

and size are based on judgment. The 

smallest practicable cross-section 

may be used, but it may be checked 

that the stresses induced in the 

designed cross-section are reasonably 

safe. In order to design any machine 

part for form and size, it is necessary 

to know the forces which the part 

must sustain. It is also important to 

anticipate any suddenly applied or 

impact load which may cause failure. 

v. Frictional resistance and lubrication: 

There is always a loss of power due to 

frictional resistance and it should be 

noted that the friction of starting is 

higher than that of running friction. It 

is, therefore, essential that a careful 

attention must be given to the matter 

of lubrication of all surfaces which 

move in contact with others, whether 

in rotating, sliding, or rolling 

bearings. 

vi. Convenient and economical features: 

In designing, the operating features of 
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the machine should be carefully 

studied. The starting, controlling and 

stopping levers should be located on 

the basis of convenient handling. The 

adjustment for wear must be provided 

employing the various take up 

devices and arranging them so that 

the alignment of parts is preserved. If 

parts are to be changed for different 

products or replaced on account of 

wear or breakage, easy access should 

be provided and the necessity of 

removing other parts to accomplish 

this should be avoided if possible. 

The economical operation of a 

machine which is to be used for 

production or for the processing of 

material should be studied, in order to 

learn whether it has the maximum 

capacity consistent with the 

production of good work. 

vii. Use of standard parts: The use of 

standard parts is closely related to 

cost, because the cost of standard or 

stock parts is only a fraction of the 

cost of similar parts made to order. 

The standard or stock parts should be 

used whenever possible; parts for 

which patterns are already in 

existence such as gears, pulleys and 

bearings and parts which may be 

selected from regular shop stock such 

as screws, nuts and pins. Bolts and 

studs should be as few as possible to 

avoid the delay caused by changing 

drills, reamers and taps and also to 

decrease the number of wrenches 

required. 

viii. Safety of operation: Some machines 

are dangerous to operate, especially 

those which are speeded up to insure 

production at a maximum rate. 

Therefore, any moving part of a 

machine which is within the zone of a 

worker is considered an accident 

hazard and may be the cause of an 

injury. It is, therefore, necessary that 

a designer should always provide 

safety devices for the safety of the 

operator. The safety appliances 

should in no way interfere with 

operation of the machine. 

ix. Workshop facilities: A design 

engineer should be familiar with the 

limitations of his employer’s 

workshop, in order to avoid the 

necessity of having work done in 

some other workshop.   

x. Number of machines to be 

manufactured: The number of articles 

or machines to be manufactured 



Ethiopian Journal of Textile and Apparel (EJTA)                                                                                                        Vol. 3, 2021 

Design development and manufacture of novel dyeing/washing lab model machine 
5 

affects the design in a number of 

ways.  

xi. Cost of construction: The cost of 

construction of an article is the most 

important consideration involved in 

design.  

xii. Assembling: Every machine or 

structure must be assembled as a unit 

before it can function.  

2. METHODOLGY 

Data collection and analysis 

This means by observing the drawbacks in 

textile laboratory during dyeing process such 

as both cost of material and space wasted is 

major problems. In current laboratory 

condition the experiment has done most of 

the time superlatively, the dyeing process and 

the washing process during removing the 

residual chemicals done separately at 

different place or space. Such condition is 

undesirable in any case since the material 

cost is higher and space is wasted. Non 

uniform, poor dyeing effect this means shade 

variation or unevenness occurs. So that the 

basic design parameters were selected and 

collected as it is indicated in Table 1. 

 

 

 

Table 1. Material requirements and      

Specifications 

Material 

requirements  

Quantit

y  

Specifications  

Motor  1pieces   0.5 hp 

Metal sheet 

(galvanized) 

Meter length 1* 2m 

with thickness 

of 1mm and 

1.25 mm 

Faucet 2pieces ½ 

Hallow shaft 1pieces Length 1m   
{diameter – 

internal = 25 & 

External = 

30mm} 

On/off switch 1pieces 
 

Clay stove 

with coil 

1pieces d= 60 cm 

Timer 1pieces 
 

Paint 3pieces 
 

Water pipe 2pieces d= 25 mm 

Bearing  1pieces ball bearing 

model A625 

Stirrer (fiber 

glass)  

1pieces 
 

3. DESIGN ANALYSIS 

3.1 Mechanism or Geometry 

3.1.1 Stirrer 

Stirrer require in order mixing the fabric with 

the dye bath. It is desirable to have a larger 

angle in order to increase the stirring action 

due to centrifugal force between the dye bath 

and stirrer.  Based on our design of the stirrer 

we can calculate the angle and length of the 

stirrer as follows:  
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Figure 1: Stirrer angle 

L12 + L22 = L32…………………e.q (4.1) 

L3 = √450 = 21.213 cm 

Since sin x = L1/L3 = 15/21.213 = 0.7072 

x = sin -1 (0.7072) = 45.001 ≈ 45˚ 

Cos z = L1/ L3 = 15/ 21.213 = 0.7072 

z = cos -1 (0.7072) = 44.999 ≈ 45˚ 

※ Angle of triangle = 180˚ 

  X+ z + y = 180˚…………….e.q (4.2) 

               45+45+y = 180˚ 

                 Y = 90˚ 

❖ There for the angle of the stirrer should 

not be less than 45˚ for better stirring and 

uniform shading of the fabric. 

The length of the stirrer blade calculation 

 

Figure 2: Stirrer length 

Where L and H length and height of the 

stirrer respectively. 

Tan y= H/ 21.213 

H = 21.213 tan 45˚ 

H= 21.213 

L2 = H2+ 21.2132 

L= 29.999≈30 cm the total lengths of stirrer 

3.1.2 Shaft 

Shaft is rotating member usually of circular 

cross section which is used to transmit power 

and rotation motion and used to rotate stirrer.  

3.2 Force analysis 

Calculating force of on the shaft  

F=mg………………………………e.q (4.3)        

Where m= mass of the motor and top cover 

     g= gravity force (9.8m/s) 

      Let mass of the motor be 2kg so,  

      F = 2g * 9.8m/s = 19.6 ≈ 20N. 

4. Material selection and its 

specification 

The following considerations are important 

in material selection (Kurmi and Gupta, 

2005):  

✓ Elastic properties: stiffness and 

rigidity 

✓  Plastic properties: yield conditions, 

stress-strain relations, and hysteresis 
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✓ Time-dependent properties: elastic 

phenomenon (damping capacity), 

creep, relaxation, and strain-rate 

effect 

✓ Fracture phenomena: crack 

propagation, fatigue, and ductile-to-

brittle transition 

✓ Thermal properties: thermal 

expansion, thermal conductivity, and 

specific heat 

Chemical interactions with environment: 

oxidation, corrosion, and diffusion 

4.1 Selected materials 

I. Motor 

A motor is nothing but an electro-mechanical 

device that converts electrical energy to 

mechanical energy. In our case the motor use 

in order to transmit power is 0.5Hp or 

0.26Kw power. 

II. Shaft 

A shaft is a rotating member usually of 

circular cross-section (solid or hollow), 

which is used to transmit power and 

rotational motion. Types of shaft use for our 

manufacturing is hallow shaft its inner 

diameter is 25mm and its outer diameter is 

30mm. 

III. Metal sheet   

Lower carbon steels are softer and more 

easily formed, and steels with higher carbon 

content are harder and stronger, but less 

ductile, and they become more difficult to 

machine and weld.     

• Low Carbon Steel – Composition of 

0.05%-0.25% carbon and up to 0.4% 

manganese. Also known as mild steel, 

it is a low-cost material that is easy to 

shape.  

• While not as hard as higher-carbon 

steels, carburizing can increase its 

surface hardness. So that these 

carbons steel the most appropriate 

four our project.  

• Medium Carbon Steel – 

Composition of 0.29%-0.54% 

carbon, with 0.60%-1.65% 

manganese. Medium carbon steel is 

ductile and strong, with long-wearing 

properties. 

• High Carbon Steel – Composition of 

0.55%-0.95% carbon, with 0.30%-

0.90% manganese. It is very strong 

and holds shape memory well, 

making it ideal for springs and wire. 

• Very High Carbon Steel -

Composition of 0.96%-2.1% carbon. 

Its high carbon content makes it an 

extremely strong material. Due to its 

brittleness, this grade requires special 

handling. 

IV. Bearing -Ball bearings are the most 

common and most used type of bearing found 

http://www.hardwaremarketplace.com/mechanical-hardware/ball-bearings.html
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in a number of objects. Ball bearings are 

often used in individual cages to reduce 

friction in axle assemblies or in a series to 

absorb the weight placed on a moving part. A 

type of bearing use for our work is ball 

bearing model A625. The material selected 

for the machine is Low carbon steel since it 

is cheaper an easy to shape and more 

available in the market. Also, since we use 

ductile material rather than brittle materials it 

has a yield strength from the standard table 

the selected material yield strength value = 68 

psi (pound per square inch). It is defined, in 

general, as the ratio of the maximum stress to 

the working stress.  

Factor of safety   =   Maximum stress 

                   Working or Design stress 

In case of ductile materials e.g., mild steel, 

where the yield point is clearly defined, the 

factor of safety is based upon the yield point 

stress.  

Factor of safety =       Yield stress 

                              Working or Design stress 

4.2. Selection of Factor of Safety 

The selection of a proper factor of safety to 

be used in designing any machine component 

depends upon a number of considerations, 

such as the material, mode of manufacture, 

type of stress, general service conditions and 

shape of the parts (Kurmi and Gupta, 2005).  

 

Table 2:  Some Values of factor of safety 

Material  Steady 

Load  

Live 

Load 

Shock 

Load 

Cast iron  5-6 8-12 16-20 

Wrought 

iron  

4 7 10-15 

Steel 4 8 12-16 

❖ Based on the table value our machine 

material factor of safety is = 8 since the 

machine is live load. 

Factor of safety =       Yield stress                                   

                                     Working or Design stress 

From this; 

Working or Design stress =   Yield stress    

                                                    Factor of safety 

         =      68    =    8.5 Psi ………e.q (5.1) 

        8    

5. MACHINE DESIGN 

5.1 Manufacturing Process 

MANUFACTURING Prototype

casting, forging, extruding, rolling, 
drawing, bending, shearing

giving final shape to the machine
component, according to planned
dimensions. shaping, drilling, boring,
reaming, sawing, broaching, milling,
grinding, hobbing, etc.

polishing, buffing, honing, lapping, 
abrasive belt grinding, barrel 
tumbling, electroplating, super 
finishing, sheradizing

operations used for this process are 
welding, riveting, soldering, brazing, 
screw fastening, pressing, sintering, 
etc.

Primary shaping 
processes

Surface finishing 
processes

Machining 
processes

Joining processes
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Figure 3: Machine design 

5.2 Working principle of the machine                  

In the dyeing and washing process of our 

design machine their own motion 

transmission and working principle. In this 

process add MLR by using the inlet tube up 

to the required amount of recipe then the 

stove gives heat to the machine and start the 

motion from the motor buy using on/off 

switch and the motor gives to the shaft. The 

shaft and stirrer are engaged together, so 

when the shaft rotates the stirrer also rotate. 

During this time the stirrer stirs 

simultaneously the dye bath and sample of 

fabric, therefore the dyeing process are taken 

place uniformly by using the blade of the 

stirrer and the centrifugal force of the water 

that is pressurized by the stirrer rotation up to 

completed the setting time to dyeing process. 

After this switch off the motor and the stove 

then eliminate the dyeing waste by opening 

the derange tube then close the tube when all 

wastes remove and start the washing process 

continuously by adding water and detergent 

by a given MLR ratio and the washing 

process take place up to remove unfixed dye 

completely with required temperature and 

time.  

6. CONCLUSION AND 

RECOMMENDATION 

Generally, the present work is devoted to 

design and manufacturing of laboratory 

dying machine. Through experimenting 

different kinds of dying process in laboratory 

we often use beakers, stirrers, thermometer, 

stove and so on for the process. In the process 

it is recommended to stir well, controlling 
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temperature and washing very well to get the 

most effective even shade, but in the present 

condition of EiTEX textile dyeing laboratory 

since this is done manually it is difficult to 

see the full dying effect. But most 

importantly the cost to invest in purchasing 

all these materials and the cost to build the 

washing place is expensive and space is 

wasted. The new design will simplify this 

problem since it can be built by lower cost 

and took a small space. It is also can take up 

to 1kg of fabric and it is more durable 

because its body is made out of low carbon 

steel. The angle of the stirrer blade is at 45˚ 

so that it can stir effectively and efficiently as 

a result there will be better evenness on the 

fabric since the stirring action is continuous 

until the process ends. The machine will also 

have a digital temperature control system so 

that the process temperature can be 

controlled through the whole experiment. 

The machine can be done easily and it is 

possible to expand or increase its size even to 

dye a fabric for sale especially it can give and 

a beneficiary help for small Enterprise’s 

workers since it can be done easily without 

any complication. 
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