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Abstract. The bucket elevator is material transfer equipment which function is 
essential in the process of processing fresh fruit bunches into palm oil, the value 
of effectiveness and economics is the basis for designing equipment in a factory, 
and bucket elevators have a certain angle. This study aims to analyze the motor 
power, bucket speed, and damping capacity with varying slope angle. The 
analysis is done by making an angle of 30,45,60,80, and 90 degrees, with as the 
angular variation was analyzed. Theoretically, the result shows that at the slope of 
30 degrees power of the motor is 3.2 kW. The bucket speed at 6.7 m/s the 
damping capacity 0.00062 m3, bucket speed of 4.6 m/s damping capacity 0.00088 
m3, at the slope of 60 degrees motor power 5.7 kW. The bucket speed of 3.8 m/s 
damping capacity 0.00106 m3 at the slope of 80 degrees motor power 7.04 kW, 
bucket speed of 3.1 m/s damping capacity 0.00128 m3, at the slope of 90 degrees 
motor power 4.9 kW, bucket speed of 4.5 m/s damping capacity 0.00098 m3. The 
results above and analysis shows that the slope of the bucket angle on the elevator 
affects motor power bucket speed and damping capacity. 

 
1.  Introduction 

Efficiency and economics are the basis of engineering. Failure in design will have an 
impact on reducing the overall production process performance.  The Bucket elevator is 
material transfer equipment which function is essential in the process of processing fresh fruit 
bunches into palm oil. The value of effectiveness, efficiency, and economics is the basis for 
designing equipment in a factory, on the operation of bucket elevator moves the materials 
from the low level to the higher level and slope angle of the bucket has some variation. The 
study to be done is the impact of the slope angle of the bucket against motor power speed and 
damping capacity. 
 
2.  Literature Study 

Bucket elevator is equipment to transfer bulk material by using belt or chain without end 
of those, with vertical path direction and supported by the casing of frame, bucket elevator 
consisting of a lead bucket arranged with a distance between the same bucket. In it, the 
operation consists of two work systems, namely input, and output system, as shown below. 
 
a. Input System 
The input system at bucket elevator designed generally depend on the kind of material will be 
transported. In general, the method used is the shoveling of material on the bucket. 
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Figure 1. Input system 
 

b. Output System  
The output System at bucket elevator base on the concept of centrifuges which the 

material will be thrown out design, through the gravitational force of the material falling into 
the pan. 

 
Figure 2. Output System 

 
Special bucket elevator for transporting various materials such as powder, small particles, 

and bulk materials, the material are cement, sand, charcoal, flour, and others. It may lift 
materials at the height up to 50 meters, capacity 50 m3/h, base on transmission system bucket 
elevator consists of two kinds such as: 
1. Using belt transmission, bucket elevator used belt we have to pay attention  

a. The material factor should be lifted, if the temperature to high (up to 1500C), belt may 
get elongation until strength down. 

b. Transmission factor for transporting. If the material carries as powder, the fine powder 
should enter to the side one, consequently, pulley and belt get a slip. 

2. Transmission by using chain something has to attention as  
a. The elongation cause of higher temperature of material relatively small. 
b. Slip at transmission system rarely occurs because using sprocket. 

 
3.  Theoretical calculation of bucket elevator 

The theoretical calculation of the bucket elevator can be shown, such as: 
a. The capacity of transfer (ton/h) of bucket elevator per meter length of the conveyor 

 
(1) 

 
b. Velocity of bucket  

(2) 
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(3) 
 
c. Motor Power 

To determine the power of the motor,firstly,calculate stress occurs at the chain. 
Smax = 1,15 . H  (q + K2 .Q ) (4) 
S2  = S1+ W1.2  (5) 
S3 = S2 + W3.2  (6) 
S4 = S3 + W3.4   (7) 
Ssl    = S4  = Smax . 2,718 kg  
Wdr = K’(S1 + S4) (8) 
Wo  = S4 – S1+ Wdr (9) 
 
 

Figure 3. Diagram for calculation the bucket elevator 
 
Analyses of vary angles :  

         
 
 
 

Figure 4.  Diagram for calculating bucket elevator with slope angle. 
 
S1 the angles makes stress the chain higher, it occupied at point S2 and S4, then for calculating 
stress uses the formula :   
 S2 S2 = S1 + W1.2 Sin α  (10) 

 W S4 = S3 + W3.4 Sin α (11) 
  Wdr= (Wdr  + Wsin α) + (S4 + Wsin α) + (-S1 – Wsin α)  (12) 
 

After knowing all stress occurs every point,then we may calculate the power.  
 

(13) 
 
 

 
4.  Results and Discussions 
4.1.  Results 
The results of this study shown in figure 5 to 7. 
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Figure 5. The slope angle of bucket elevator vs. velocity of bucket 
 

Figure 5 shows the slope angle of bucket elevator affects the power of motor gets 
fluctuation, at slope angle 800  the power (7.04 kW),  at slope angle600  the power (5.7 kW),at 
slope angle 90˚ the power (4.9 kW), at slope angle  45˚ the power  (4.7 kW) and the smallest 
slope angel 30˚ the power (3.28 kW). 
 

 
 

Figure 6. The slope angle of bucket vs. velocity of  bucket 
 
Different with power, relation of slope angle versus velocity of bucket shows different 

result  which are slope angle 450 the velocity 4.6 m/s, slope angel 90˚ the velocity 4.5 m/s, 
slope angel 60˚ the velocity 3.8 m/s and the slowest velocity of bucket at slope  80˚ is 3.1 m/s. 

 



 
 
 
 
 
 

 
 

Figure 7. The slope angle of bucket vs. capacity of the bucket 
 

Figure 7 shows the highest capacity of bucket at the slope of angel  80˚ is 0.00128 m3, 
then at the slope of angle 60˚ (0.00108 m3), at the slope of angel  90˚ (0.00090 m3), at the 
slope of angel  45˚ is 0.00088 m3, and the smallest capacity of the bucket  at slope angel  30˚ 
is 0.00062 m3. 
 
4.2.  Discussions 
Base on calculation and experimental in this study may preference others company who want 
to design and construct the palm oil plant, which has capacity 30-ton fruit palm /hour. Table 1 
shows the relationship between the slope angle of bucket and power, the velocity of the 
bucket, and the capacity of the bucket. 
 

Table 1. Capacity of bucket 
 

Slope 
Angle 

Power 
(KW) 

Velocity 
(m/s) 

Capacity 
(m3) 

30 3.28 6.7 0.00062 
45 4.7 4.6 0.00088 
60 5.7 3.8 0.00106 
80 7.04 3.1 0.00128 
90 4.9 4.5 0.00098 

 
Table 1 shows :  
a. Higher of bucket capacity affects of the power neededbecause bucket capacity affect 

mass in the bucket, and  M = ρ . v  
where :  

m = mass of charge bucket  
ρ = density of material = 681 kg/m3 
v = volume (capacity) m3 

 
b. Velocity of  bucket  

The velocity of lift affects the capability of the elevator, which is the elevator should be 
operated at 30 Ton fruit palm/hour, and the relationship between velocity with a 
capacity of elevator is 
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where  :  

V = Velocity of bucket (m/s) 
Q = Capacity of Palm Oil Mill = 30 ton fp/h  
K1= scooping-up factor  = 1,5  

 
5.  Conclusions 

The slope of angle needed the highest power at slope angle 800 (7.04 KW), then at slope 
angle 600 (5.7 KW), at slope angle   90˚ (4.9 KW), at slope angle 45˚ (4.7 KW) and the 
smallest power occurs at slope 30˚ (3.28 KW). The slope angle at  30˚ has the highest velocity 
(6.7 m/s), then at slope angle 45˚ (4.6 m/s), at slope angle 90˚ (4.5 m/s), at slope angle 60˚ 
(3.8 m/s) and the lowest velocity occurs at slope angle 80˚ (3.1 m/s).The most significant 
capacity occurs at slope angle  80˚ (0.00128 m3), then at slope angle 60˚ (0.00108 m3), at 
slope angle 90˚ (0.00090 m3), at slope angle 45˚ (0.00088 m3), and the smallest capacity 
occurs at slope angle 30˚ (0.00062 m3) The slope angle 90˚ is the most stable angle, at power 
of  (4.9 KW) and velocity of bucket (4.5 m/s) with capacity of bucket (0.00090 m3).  
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