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Abstract. The paper presents the experimental installation, the 
methodology and measuring apparatus used for experimental research of 
qualitative indexes of impurities separation out of grain seeds for combined 
separating systems (according to specific weight and aerodynamic 
properties of seeds). The experimental installation used was composed of a 
gravimetric separator with mechanical shaker with unbalanced masses 
(mounted on the platform working surface) and an aspiration installation 
with fan. The experimental research has aimed at quantitative and 
qualitative influence on separation quality index of the following operating 
parameters: material flow rate of shaking separator, the air flow of 
aspiration installation, tilting work surface, work surface oscillation 
amplitude. Based on data obtained by measurements and qualitative 
indicators the separating process indexes have been determined, namely: 
degree of impurities separation, degree of good seeds loss, as well as, the 
separation quality index for different types of combinations of separation 
installation parameters.  

1 Introduction  
After the harvesting process, grain seeds cannot be used directly for different 

purposes (storage, consumption, industrialization, sowing, etc.) because they contain 
impurities of any kind (vegetal remains, foreign bodies, etc.) and injured products. Prior to 
receiving a particular destination, it is necessary and obligatory for the harvested products 
to undergo cleaning and sorting, called as primary processing operations. 

The preparation of cereal seeds before processing them is a technological process, 
which requires technical equipment and combined installations types to eliminate foreign 
bodies existing in the mass of harvested seeds, whose construction depends on the different 
types of separation [1, 2, 3, 4]. 
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Thus, research in this area focused on the determination of the physico-chemical 
properties of the components of a seed mixture that influence the separation process, with 
the aim of eliminating as much as possible the impurities that reach the final stages of grain 
processing [5,6, 7] 

The modern conditioning units use installations for separation the impurities out of 
seed mass using a lot of separation principles, such as the differences between the 
volumetric weight and the air flow velocity of the components of the seed mixtures 
[8,9,10]. 

In order to obtain efficient separation equipment with a low consumption of material, 
electricity and labor, it is necessary to have a thorough knowledge of the technology, 
constructive principles, operation and maintenance of these technical equipments. 

The experimental model of gravimetric separator SG-01 is a innovative technical 
equipment representative for cereals seed cleaning, design, manufactured and testing by 
specialists from INMA Bucharest.  

The paper presents the experimental combined separation installation, the 
methodology and measuring apparatus used for experimental research and some results of 
experimental research, in order to optimize the functional parameters. 

2 Material and method 
The experimental stand presented in the technological flow scheme in figure 1, it is 

composed of the gravimetric separator (1) connected to a suction installation with air 
composed of fan (2) and the de-dusting cyclone (3). 

 
Fig. 1. Technological flow scheme of combined separation installation: 
1 - gravimetric separator, 2 - fan, 3 – de-dusting cyclone, 4 - bags for dust and light impurities  

 
Fig.2. The stand (combined separation installation) used for experimental research 

1 - gravimetric separator SG-01; 2 – suction fan; 3 – de-dusting cyclone  
 
The functional technical parameters of SG-01 are: 
- capacity of processing, t/h 
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  - cleaning process   min.2,5 
- precleaning process   max.4 

- necessary air flow rate, m3/min.  150 
- installed power, kW     0,7 (2x0.35) 
- frequency of oscillations, osc/min.  960 
The centrifugal drive force Fcf of electrical motovibrators is regulate by adjusting the 

unbalanced masses, and the direction of oscillations can be adjusted by rotating the fixing 
support (figure 3). 

 
Fig. 3. Variation of centrifugal forces Fcf of unbalance masses depending on the angle α of 
overlap of the non-balanced eccentric masses [11] 
 

The vibration movement of the working platform is imprinted on the impurities or 
particles in contact with it after a trajectory allowed by the elastic support springs. Due to 
the combined effect of the vibrations of the working platform and the action of the air 
currents, the product mass is stratified on the sieve of working surface. Particles of 
impurities with a specific volumetric weight greater than grain seeds remain in contact with 
the vibrating working platform, while light foreign bodies are distributed in upper layers. 
Thus, under action of the aspirated air stream, the grain seeds are fluidized and float above 
the working surface, with which they do not come in constant contact, flowing on its 
inclined plane to the outlet connections located at the lower end of the gravimetric separator 
SG-01.  

The material used at experimental researches was the cereals seed (mainly wheat). 
Specific measurement devices for acquisition or registration were used for experimental 
determinations [12] of the following parameters: 

- masses of products (seeds and impurities); 
- material supplying flow rate; 
- velocity of air currents in the pipe of suction installation, using an anemometer 
model Testovent 4000; 
- inclination angle of the working surface (vibrating frame); 
- oscillation amplitude of the vibrating working frame, using an inductive 
displacement transducer, model W10-Hottinger;  
- frequency of oscillation of the two motovibrators, after determination of rotation 
speed; 

  - energy consumption after determination of power consumption of motovibrators. 
Also were determined the moisture content and hectolitric mass of product on entry 

and exit in the gravimetric separator SG-01 and at evacuation of impurities in the separation 
process. 

The loss rate of good wheat seeds Cps is calculated with the relation [4]: 

                                        100)/(  MmC ps
  [%]                                                               (1) 
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where: m is the mass of good wheat seeds which are found in the mass of eliminated 
impurities at the exit of SG-01, kg; M - mass of good wheat seeds at the entry into SG-01, 
kg. 

The separation quality index Ecs was determined at a single pass of the product 
through the separator, this indicator representing the percent of impurities (foreign bodies) 
eliminated from the mass of processed wheat seeds and is determined with the relation [4]: 

            100/ xcccE csicsecsics     [%]                       (2) 

 
where: ccsi is content impurities at the entrance of product in SG-01, % 
     ccse - content impurities at evacuation of product from SG-01, % 
 

Knowing the velocity v (m/s) recorded at the anemometer model Testovent4000 and 
the section S (m2) of the suction pipe, the air flow rate required for aspiration was 
determined with the relation: 

 
                                             SvQa  3600  [m3/h]                                                            (3) 

 
The electricity consumed by the two electric motovibrators W is determinated by the 
relation: 

                               3600/)( tPW a     [kWh]                                                        (4) 

  
where: Pa is the power absorbed, kW, measured with the phase and frequency analyzer; t - 
operating time at tests, s. 

The capacity of processing Q of the gravimetric separator SG-01 was calculated with 
the relation: 

                                                 𝑄 = 3600 ∙ 𝑚/𝑡   [kg/h]                                                          (5) 
 
where: m is the initial product mass, kg; t - time required for experimental determination, s. 

In Table 1 and 2 are mentioned the values resulting from processing determined 
parameters. 

Table 1. Functional operating parameters of SG-01 

Crt. 
no. 

Determined parameter U.M. 
Parameter value 

determined at tests 

1. 
Product supply flow rate (2 test 
versions) 

kg/h 1000; 2000 

2. Duration of test versions s 2400; 1800 

3. 

The initial quality indices of product at 
the entry into SG-01: 

- humidity; 
- hectolitric mass; 
- impurities 

 
 

% 
kg/hl 

% 

 
 

11.93 
78.72 

2.41; 2.46 
4. Loss rate of good wheat seeds Cps % 0.01÷0.95 
5. Separation quality index Ecs % max.98.57 

6. 
The suction air flow rates of the 
installation (3 test versions) 

m3/min. 100; 125; 150 

7. 
Air speed in the pipe at test versions of 
suction air flow rates  

m/s 17.36; 21.7; 26.04 

8. Power absorbed by motovibrators kW 0.7 
9. Specific consumption of electricity kWh/kg 0.00045 
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Table 2. Some tests results for determination of optimal regime of the gravimetric separator SG-01 

Wheat seed 
feeding flow 

(kg/h) 

Air flow 
(m3/min) 

Angle of inclination 
of working surface 

(º) 

Amplitude of 
working surface 

(mm) 

Quantity of impurities 
eliminated at 1000kg of 

wheat seed processed (kg) 

1500 

100 

5 
1.5 35.5 
2.0 38.6 
2.5 41.2 

7.5 
1.5 33.4 
2.0 35.1 
2.5 37.2 

10 
1.5 31.6 
2.0 33.7 
2.5 34.8 

125 

5 
1.5 26.3 
2.0 29.2 
2.5 33.1 

7.5 
1.5 24.5 
2.0 25.8 
2.5 27.6 

10 
1.5 21.3 
2.0 22.8 
2.5 23.6 

150 

5 
1.5 29.7 
2.0 21.4 
2.5 23.8 

7.5 
1.5 16.4 
2.0 18.2 
2.5 19.4 

10 
1.5 15.6 
2.0 16.8 
2.5 17.9 

2000 

100 

5 
1.5 37.6 
2.0 40.2 
2.5 43.4 

7.5 
1.5 35.6 
2.0 38.9 
2.5 39.9 

10 
1.5 33.3 
2.0 35.4 
2.5 36.7 

125 

5 
1.5 28.1 
2.0 31.4 
2.5 34.9 

7.5 
1.5 26.6 
2.0 27.4 
2.5 29.1 

10 
1.5 23.1 
2.0 25.1 
2.5 26.0 

150 

5 
1.5 21.2 
2.0 23.0 
2.5 24.9 

7.5 
1.5 17.8 
2.0 19.8 
2.5 21.6 

10 
1.5 17.1 
2.0 18.3 
2.5 19.2 
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3 Results and discussions 

After the analysis of the influence of constructive and functional parameters of the 
combined separation installation on the separation quality index Ecs graphics were drawn 
expressing the following technological dependency of the indices values of the functional 
parameters (adjustment) of the gravimetric separator SG-01: the product feed rate of the 
gravimetric separator Qg, the air flow rate Qa of the suction installation, the angle of inclination of 
the working surface α and the oscillation amplitude A of the gravimetric separator working 
surface. In figures 4 – 6 are presented, for illustration, some representative graphics. 
 

 
Fig. 4. The dependence of separation quality index ECS =f(A) for Qg =1500kg/h, Qa = 100÷150m3/min 
and α =5÷10° 
 

 
Fig. 5. The dependence of separation quality index ECS=f(α) for Qg=2000kg/h, Qa =100÷150m3/min 
and A=1,5÷2,5mm 
 

 
Fig. 6. The dependence of separation quality index ECS =f(Qa) for Qg=2000kg/h, α =5÷10° and 
A=1,5÷2,5mm 
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By applying linear regression method to determined experimental data processing, 
the separation quality index ECS is obtained expressed by the following relation [13]: 

 
𝐸  𝑄 ,𝑄 , 𝛼, 𝐴 =  −0.15891𝑄 −  0.848267𝑄  −  3.256434 𝛼 − 2.736311 𝐴 +

237.645462                                                                                                                          (6) 
 

The correlation between the experimental data and the data calculated in the 
experimental points with the regression given by the relation (6) is 0.932. 

 

 
Fig.7. The separation quality index (technological effect) comparison of the experimental data with 
those obtained by linear regression  
 

From the correlation of graphical representation in figure 4-7 with relation (6) result 
that the separation quality index  ECS decreases with the increase of the supplying flow rate 
with product, of the working surface inclination angle, of the suction air flow rate and of 
the working surface amplitude. 

It was noticeable that, by increasing of the cereal seeds rate flow through the 
impurities pipes are eliminated a part of good seeds and the loss rate of good wheat seeds  
is above normal limits. 

4 Conclusions 

The working process of the gravimetric separator SG-01 achieves a high 
precleaning of the product (wheat seeds). The technological parameters obtained during 
experimental tests depend on: the regulation of the working vibration platform 
(oscillations amplitude and angle of inclination), the suction air flow as well as the wheat 
seed feeding flow. 

By equipping with a pair of electric motovibrators, the oscillating movement induced 
by them allow to the gravimetric separator SG-01 a high output capacity and an increased 
separating efficiency. 

The experimental measurements revealed the following conclusions: 
1. the ascending airflow generated by the suction installation favors the stratification of 
seeds mixture uniform dimensionally with different specific volumetric weights, their 
movement on the working surface of the gravimetric separator being possible even at the 
minimum amplitudes of oscillation; 
2. by increasing the air flow rate between 100÷150 m3/min the combined separating 
installations performances are enhanced, through a better product layer structure achieved 
depending on the specific volumetric weight of grain seeds and other impurities; 
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3. the oscillations amplitude influence upon the working regime, establishing as optimum 
values between 2 ÷ 2.5 mm; 
4. by increasing the tilting angle of the working surface between 5 ÷ 10° the wheat seeds 
quantity eliminated through the joint of impurities is reduced. Also, over 10° the gravimetric 
separator SG-01 have diminished their performances; 
5. the separation quality index resulted at a single passage of the product was of 98.57% 
for big foreign bodies eliminated, 91.35% for small foreign bodies eliminated, 95.3% for 
light foreign bodies eliminated. 

Therefore, the results of experimental researches obtained by direct measurement or 
determined by calculation show that the combined installation consisting of gravimetric 
separator model SG-01 and the suction installation comply with the requirements in terms 
of security and functioning mode offering multiple possibilities for adjustment and 
servicing. 
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