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ABSTRACT: Loam soil often sticks to fruit and vegetable, once they are harvested from the field in developing 
countries due mainly to agricultural farming habits. Subsequenly prior to be sold on the market and used by people, 
it is obligatory to clean soil particle from their surface. Although they can be washed by hand, this manner seems 
to be common only in family. For the medium-size businesses or restaurant, it is truly required to have a 
mechanical washer. Baring in mind the existing washing concepts, in this paper, a multi-functional fruit and 
vegetable washer was proposed. This new-type washer used a combination of horizontal shaking and rotation 
yielded by slider-crank mechanism with spring to clean the sample. The first prototype was successfully 
manufactured and its performance was evaluated by washing different types of vegetables including water 
spinatch, bok choy, and carrot. Indeed, these vegetable were visually free of soil particle, once they had been 
machined-washed. A positive outcome of the first prototype promises for commercial production in the near 
future. 

KEYWORDS: Design and development; Mechanical system; Automation and control; Fruit vegetables washer; 
Experimental data. 

INTRODUCTION 

Fruit and vegetable are indispensable daily products for human digestive system. In developing countries, 
including Vietnam, most of fruit and vegetable are planted on the ground and nurtured from loam soil and water 
[1]. Thus, once they are harvested, it is extremely necessary to clean soil particle from their surfaces, especially 
to remove chemical residues deposited on the leafy vegetable during growing process. Indeed, cleaning fruit and 
vegetable is really a crucial practice before sorting, grading, weighting and counting the samples, in order to 
protect consumer from unpredictable disease harzards [2].  

Hand-washed manner seems to be evidently the simplest cleaning method, but it is only family-oriented approach 
or very small-size businesses in foodservice industry. To industrialize the fruit and vegetable washing, according 
to Derwent Innovation [3] more than 1300 patents on this issue have been registerd at 30 countries lately. Most 
of those countries are from Asia about 69.3% and only 20.9% are from Europe. These figures indicate that the 
demand of washing equipment in Asia is quite high due to mainly agricultural habit.   

In term of washing technology, in the present moment there are some available on the maket such as such as ozone 
treatment [4], ultraviolet [5] and/or ultrasound [6]. On the one side, these technologies are rather costly. On the 
other side, they still present some drawback as follows:  

• Pasteurization by using ultraviolet might effect on flavour, taste and freshness of fruit and vegetable due 
mainly to high temperature and long processing time [7]; 

• Ozone treatment can adversely affect the preservation of product quality owing to the appearance of toxic 
symptoms. In addition, with the ozone generation, ozone treatment cannot be economically viable. Yet, 
application in food is its poor acceptability by consumers as it is believed to have toxicity properties [8]; 
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• Ultrasonic technology requires the design of the ultrasonic transducer [9], free radical formation, and 
heating of the material exposed to ultrasound [10]; 

• Above all, these technologies are improper for most of fruit and vegetable in tropical countries like 
Vietnam, especially when dealing with leafy vegetable with lots of loam soil sticked to it. 

On the other hand, machine-washed manner is truly needed in particular for the medium-size business such as a 
small vegetable producer or restaurant, but not enough to use a coutinous-flow industrial washer nor do they have 
space for many different kinds of washing machines with abovementioned costly technologies. These businesses 
need a single, medium size mechanical washer that will allow them to clean many types of fruits and vegetable 
quickly and effectively [11].  

Indeed, fruit and vegetable mechanical washer has attracted the interest of many engineers around the world to 
design and develop for many years. In the late 90s of the last century, Mendenhall and co-workers [12] developed 
an advanced washer based on the washing concept of home dishwasher, clothes washer and car washer, however 
it was not used effectively for the elliptical samples, for instance carrots. Afterward, Lewis [13] invented an 
apparatus with nozzles to eliminate detrimental bacteria such as Salmonella, E. coli and Listeria from fruit and 
vegetable. Besides, Hoye [14] created the washer with a drum covered by textile together with a series of top-
down spray nozzles that vegetables are rubbed to remove soil particle. Not only washer itself, many factors inside 
the washer were also research objectives, Magar et al. [15] studied the influence of drum velocity on washer 
efficiency for cleaning bulb-type vegetables. While, Oyeleke et al. [16] concened about water consumption of the 
washer, hence they suggested to set a washing system with nozzles spraying water directly onto vegetables along 
the conveyor belt to make the cleaning flow, and cleaning water was then recycled for other purposes. Besides, 
Kenghe et al. [17] studied chaotic flow yielded by propeller in the chamber to clean vegetables. It is noteworthy 
that most of existing mechanical washers are mono-functional, meaning that they are useful for fruit or vegetable 
only, or even one type of them for certain purposes [18].  

Although the demand for vegetable washing machines is quite large, the models on the market are mostly suitable 
for large usage needs, large space for use, or just for household needs. While small vegetable producers or 
restaurants need a versatile, medium-sized washing machine that meets the needs of cleaning a variety of fruits 
and vegetables quickly, efficiently, safely and economically. The line of pure vegetable washing machines that 
use mechanics now have certain limitations such as bulky, not saving water, control and automation are not high. 
This issue somehow limits the demand of end-users or customer. Therefore, in this paper, a multi-functional fruit 
and vegetable washer is presented with the aim to handle the disadvantages of the aforementioned costly 
technologies and to satisfy the need of medium size businesses.  

MATERIAL AND METHOD 

Concept principles 

Taking in consideration the existing washing concepts, a new-type fruit vegetable washer is proposed [19]. 
Concept principles of machine are illustrated in Figure 1. Main components of the washing system are motor (1), 
frequency converter (2), system of slider-crank (3) and spring (4), cardan (5), nozzles (6), drum (7), water tank 
(8), and chassis (9). 

During the washing process, the drum (7) rotates and foreign material or dirt is separated from the samples and 
unwinded to the water tank (8) through a series of holes on the drum surface. The dirt settles to the tank bottom 
and it is then pushed out through the drainage valve due to water flow. The main drive of the washer is carried 
out from the gear motor (1a) through the slider-crank mechanism (3). The second drive is conducted from the 
electric motor (1b) through a cardan (5). High-pressure water comes out from the nozzle (6), and water level in 
the tank is a half of the volume. The sample (vegetables and/or fruits) in the drum is subjected to the combination 
of horizontal shaking (created by the main drive) and rotating (created by the second drive) of a drum, causing 
the hydrodynamic action and impacts of falling samples on the surface of the water. The shaking amplitude of the 
drum is determined by the length of the crankshaft in the main transmission. The spring (4) plays the role of 
reducing vibration for the washer. Once visually there is an absence of foreign material or the sample is clean, the 
draining process starts. At this moment, the nozzle (6) is automatically locked, the drainage valve opens fully, the 
operation of the main transmission unit (horizontal movement) stops, and the rotation speed of the drum increases. 
Under the effect of centrifugal force, free water is detached from the sample surface and falls into the tank. When 
the washing process finishes, the sample is discharged from the drum. 
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Figure 1. Concept principles of the washer 

DEVELOPMENT OF THE FRUIT AND VEGETABLE WASHER 

Based on the abovementioned concept principles, the design is carried out together with a series of analyses such 
as dynamic, kinematic, structural, and finally the prototype is developed.  

Design stage 

Several issues need to be solved at the design stage as follows: 

• Washing quality: fruit and vegetable after washing need to be clean in accordance with the corresponding 
standard and guideline [20]. However, according to Barrett et al. [21], cleaniness of the sample can also be defined 
by color and appearance. Besides, cleaning process depends upon type and moisture of loam soil, cohesion force 
of soil and sample surface [22]. Soil removal is quite easy at the beginning, but the last thin layer attached to the 
sample surface is hard to clean, hence strong force needs to be applied at the end. From technical point of view, 
washing quality is analysed by the principle of momentum balance together with experimental data [23]. This 
results in time duration of washing process.  

• Selection of main transmission parameters: horizontal shaking motion caused by slider-crank mechanism 
is main action to clean the sample, but it causes machine vibration resulting in reduction of durability and 
life-service. To deal with it, spring is combined with this mechanism; besides according to preliminary 
studies, a low-capacity motor can be used with a certain spring stiffness, this would save electric energy 
properly [24, 25]. 

• Automation: the general process is developed to automate the washer design in accordance with various 
production contexts, meeting the expert requirements in product life cycle [26]. 

• Simulation and verification: computational simulation of washing process is done based on numerical 
methos in NX and Abaqus softwares. For instance, simulation of water flow in the tank during the washing 
process is illustrated in Figure 2. 

• Washing programme: in order to meet the automation and suitability of different types of fruits and 
vegetables. In this work, the authors carried out various experiments, and based on analytical outcomes a 
certain washing programme is set for a determined sample. The final design model of the washer can be 
seen in Figure 3.  
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Figure 2. Side labeled view with arrows simulating the water flow in the tank 
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Figure 3. Washer assembly drawing 

Assembly of the washer prototype 

The overall geometry of the first washer prototype in this work is 800 mm length, 1000 mm width and 1200 mm 
height, as shown in Figure 4, drum diameter is 450 mm, water tank volume is 30 litre, and washing capacity for 
this prototype is 2kg sample (fruit and/or vegetable). With the aim to clean various types of fruit and vegetable, 
several washing modes are established for the washer, and some details need to be modified in comparison with 
conventional drum-type washer. 

Drum with specific brushes to clean bulb-type samples: In comparison with leafy samples, the bulb-type has 
greater density and rubbing requirement. Hence, a series of brushes are mounted steadily inside the drum, as 
shown in Figure 5a, that would remove soil particle from sample peel thanks to abrasion of brush hair. 
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Rotary crankshaft with variable sliding length: The position of the joint with connecting rod can be adjusted, as 
shown in Figure 5b, that the end-users can modify the horizontal shaking amplitude within admissible range. This 
makes sense in creating different washing modes of the washer. 

Modified cardan mechanism: Cardan mechanism replaces traditional tracks with bearing system and rolling 
cylinders that significantly reduces friction, while still trasmiting toque to rotate the drum, as it can be seen in 
Figure 5c.  

 

Figure 4. New-type fruit and vegetable washer prototype  

  

 

(a) (b) (c) 

Figure 5. Modification of drum, slider-crank mechanism and cardan in the washer  

PERFORMANCE EVALUATION AND IMPROVEMENT  

Selection of the optimal washing mode based on experiments  

In this work, water spinach, bok choy and carrot are chosen to conduct the washing experiments. Washer 
performance is analyzed on the basis of visual evaluation of the sample after washing. Once washed, the 
mentioned vegetables need to be free of foreign material and without battering and/or crushing. Figure 6, Figure 
7 and Figure 8 show washing experimental results of water spinach, bok choy and carrot respectively. Looking 
into these figures, it is evident that the vegetables are visually free of soil particle after washing. For each of those 
three vegetables, various experiments have been carried out with the adjustment of water level in tank, water flow, 
slider-crank mechanism (SCM) speed, cardan speed and shaking amplitude, as it can be observed in figures. 
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Eventually, the optimal washing mode of water spinach, bok choy and carrot are derived and presented in Table 
1. This facilitates the process, if one desires to wash these types of vegetable. 
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Figure 6. Washing experiment on water spinach 
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Before After (experiment №4) 

Figure 7. Washing experiment on bok choy 

 

  

Before After (experiment №10) 

Figure 8. Washing experiment on carrot 
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Table 1. Optimal washing mode of water spinach, bok choy and carrot 

Input parameter Units 
Optimal washing mode 

Water spinach 
(Experiment №1) 

Bok choy 
(Experiment №4) 

Carrot  
(Experiment №10) 

Time s 90 90 45 
Water level in tank mm 60 60 45 

Water flow l/min 35 35 43 
SCM speed rpm 63 63 - 

Cardan speed rpm 10 15 57 
Shaking amplitude  mm 80 80 - 

Improvement for further commercial production 

In order to improve the first prototype washer for further commercial production, it needs to consider both of 
design and manufacture. Following is a summary of observations and the suggestions made by the washer tester: 

• Washing capacity: if one needs the washer with higher capacity, for instance upto 10 kg per discharge, 
which means five time that of the first prototype. In this case, geometry of drum, water tank, energy 
consumption, motor capacity also increases. Let us consider the main part affecting the washing capacity, 
i.e. drum, assumed that α and β are incremental coeficients of drum radius and length respectively, drum 
volume of the real-scale washer (Vnew) can be coorelated with the one of the prototype (Vold), as follows: 

2 2 2 2( ) ( ) ( )new oldV r h r h Vπ α β π α β α β= ⋅ ⋅ ⋅ ⋅ = ⋅ = ⋅  (1) 

Consider k is incremental coefficient of washing capacity, hence there is 2 k Cα β = ⋅ , where C = 2 kg - 
washing capacity of the first prototype  

• Water tank: despite of bigger water tank volume, the slope of tank bottom needs also to be increased to 
accelerate pushing the residue out without increment of water consumption.  

• Motor position: in order to make the washer more compact, motor of slider-crank mechanism is arranged 
underneath the chassis, while motor of cardan mechanism is lowered to change drive shaft inclination 
angle. 

Once the abovementioned issues are solved, an advanced fruit vegetable washer with capacity of 10 kg per 
discharge can be modelled and designed, as illustrated in Figure 9. 

 

Figure 9. An advanced fruit vegetable washer model 
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CONCLUSION 

A new-type fruit vegetable washer was introduced in this work. This washer differentiates from the existing 
commercial ones that its washing concept is based on the combination of horizontal shaking and rotating motion 
of the drum, caused by slider-crank mechanism with spring. Once a series of kinematic, dynamic and structural 
analyses were done, the first washer prototype was designed and successfully manufactured. The washer 
performance was evaluated by using different types of vegetables including water spinatch, bok choy, and carrot. 
Based on various experiments, the optimal washing mode was found for these samples. A positive outcome of the 
prototype washer promises to bring solution for commercial production, meeting the demand of medium-size 
businesses in the market. 
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