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Abstract

:

The amplitude of excitation force from exciters used in fruit tree vibration harvesting remains constant at a given frequency, leading to poor fruit detachment ratio and tree damage. A solution has been proposed through the development of a Double-Symmetric Eccentric Exciter (DSEE). This new exciter allows for the adjustment of excitation force amplitude while maintaining a constant frequency by varying the phase angle of the DSEE. To validate the effectiveness of the DSEE, vibration tests were conducted on fruit trees using different parameter exciting forces. Acceleration sensors were employed to measure the vibration accelerations of the tree branches. The experimental results revealed that when a fixed frequency excitation force with a constant phase angle was applied to the trunk, the vibration acceleration of branches exhibited inconsistent variations due to differences in the vibration differential equation parameters of each branch. Furthermore, it was observed that increasing the phase angle of the DSEE at a fixed frequency led to larger vibration accelerations in every branch. This signifies that adjusting the phase angle of the DSEE can effectively increase the amplitude of the exciting force. Consequently, the ability to control both the amplitude and frequency of the excitation force independently can mitigate issues such as low fruit harvest rates and minimize damage to fruit trees.
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1. Introduction


Fruits and nuts are rich in medicinal ingredients [1,2,3,4]. In addition, fruits and nuts are rich in vitamins and other nutrients that people need every day. The demands for these constituents promote the vigorous development of the forest fruit planting and harvesting. With the development of fruit harvesting technology, trunk vibration harvesting technology has become more widely used for many kinds of fruit trees [5,6]. Fruit tree harvesting technologies, especially trunk vibration harvesting techniques, have been widely applied for various types of fruit trees. This approach has not only improved efficiency but also ensured minimal damage to the fruit trees, thereby enhancing overall productivity and quality of the harvest.



To enhance the operational efficiency of vibratory harvesting machines, researchers have conducted extensive studies. In the research on parameter optimization of vibratory harvesting machinery, it was discovered that the frequency and amplitude of the excitation force, as well as the location of excitation on trunks, significantly impacted the performance of fruit tree vibration harvesting. The vibration frequency and amplitude are generated by the exciter utilized for fruit vibration harvesting, making the exciter a crucial component in fruit tree vibration harvesting [5,6,7,8,9].



At present, existing fruit tree exciters are driven by a single shaft or a double shaft. They can often be divided into four types: symmetric double eccentric exciters, single eccentric exciters, asymmetric double eccentric exciters, and orthogonal eccentric exciters [7,8,9]. The amplitudes of these exciters change with the exciting frequencies in a square relation. It is uncertain if this relationship aligns with the amplitude–frequency relationship required for fruit vibration harvesting. Existing shakers face a common issue where the amplitudes (F) of the exciting force vary with vibration frequency (f) according to F = me(2πf)2, where m represents the quality of eccentric blocks, and e denotes the eccentric distance of the blocks. When the vibration frequency remains constant, the vibration amplitude cannot be altered.



A low amplitude of vibration force at a small exciting frequency may not generate sufficient vibration acceleration in the branches to make the fruits fall. Conversely, a high exciting frequency can lead to an excessively large exciting force on the trunks, potentially causing damage to the fruit trees. This phenomenon hinders the advancement of fruit harvesting technology [10,11,12,13]. This phenomenon hinders the advancement of fruit harvesting technology.



It has also been observed that the frequency of excitation impacts the rate at which fruits detach. A higher exciting frequency results in more efficient transfer of vibration energy from the exciter to the fruit, leading to a higher fruit detachment rate [14,15,16,17]. This seems like an apt statement; however, the amplitude of the exciting force is ignored. As the exciting frequency increases, the amplitude of the exciting force will also increase with the square of the exciting frequency. Therefore, the vibration energy exerted by the exciter on the fruit tree will be larger per unit time [15,18]. Therefore, it is necessary to analyze the influence of excitation amplitude and excitation frequency on the acceleration of the branches separately.



This paper analyzes the principle of existing exciters and proposes the DSEE. A vibration test was conducted on fruit trees, where different parameter exciting forces were applied to excite the trees, and the resulting vibration accelerations of branches were recorded. Due to the unique differential equations of the vibration of branches, the vibration accelerations varied among branches even under the same exciting force. Furthermore, the amplitude of the exciting force generated by the DSEE can be adjusted by manipulating the phase angle. This feature allows for the adjustment of exciting forces with the same frequency by altering the phase angle, potentially preventing issues like low fruit harvest rates and damage to fruit trees.




2. Materials and Methods


2.1. Existing Vibration Harvesting Exciters


The single eccentric exciter (Figure 1a) can only generate torsional vibration [18,19,20]. The direction of the exciting force angular (ωt) varies with time t, while the amplitude (meω2) remains constant. In the symmetric double eccentric exciter (Figure 1b), the angular velocity directions of the two eccentric blocks are opposite, but their angular velocity magnitudes are the same. In the x-axis direction, the vector sum of the centrifugal forces produced by two eccentric blocks is 0. In the y-axis direction, the vector sum of the centrifugal forces produced is their algebraic sum. The symmetric double eccentric exciter produces a linear reciprocating vibration. The symmetric double eccentric exciter generates linear reciprocating vibration. In contrast, the asymmetric double eccentric block exciter (Figure 1c) differs from the two exciters mentioned earlier as its parameters (e1 and e2, ω1 and ω2, m1 and m2) are not the same, respectively. In addition, the orthogonal eccentric blocks (Figure 1d) can generate a tri-dimensional exciting force with its direction and magnitude changing according to the mass and rotation of the eccentric blocks [9]. The amplitudes of all exciters mentioned in Figure 1 change with vibration frequencies in the square relation, which is expressed as Equation (1).


  F = 2 m e     2 π f    2  sin   2 π f t + φ    



(1)




where ω is rotation speed (vibration frequency, f = ω/2π), rad/s; φ is phase angle, rad; m is mass, kg; and e is eccentric distance, m.



The amplitude and frequency of the excitation force are related in fruit vibration harvesting. A higher excitation frequency is required for trees that need a larger amount of vibration acceleration to be produced by the branches. And the larger exciting frequencies can improve the energy transfer efficiency of fruit trees and fruit detachment rate. However, it can be observed from formula (1) that the amplitude of the excitation force will increase in a square relationship with the excitation frequency. Excessive excitation force can lead to damage in the clamping position and roots of fruit trees. These injuries can impact nutrient transport and reduce fruit yield. Conversely, some fruit trees have low vibration frequencies. The existing exciters with low excitation frequencies may not generate sufficient exciting force necessary for effective harvesting. As a result, the vibration acceleration of the branches is reduced, leading to some fruits not falling off and decreasing the overall fruit detachment rate. Hence, the frequency and amplitude of the excitation force are crucial factors in fruit tree vibration harvesting. Furthermore, the square relationship between frequency and amplitude of the excitation force significantly impacts the performance of fruit tree vibration harvesting.



For a single eccentric block, the centrifugal force generated during rotation is a physical law. And its magnitude with a certain angular velocity cannot be changed. Hence, the frequency and amplitude of the excitation force can only be regulated by the vector sum of centrifugal force generated by multiple eccentric blocks. The DSEE was developed to be used for fruit vibration harvesting and investigate the relationship between amplitude and frequency of excitation force in fruit vibration harvest.



For a single eccentric block, the centrifugal force generated during rotation follows a physical law, and its magnitude at a certain angular velocity remains constant. Therefore, the frequency and amplitude of the excitation force can only be adjusted by the vector sum of centrifugal forces generated by multiple eccentric blocks. The DSEE was developed specifically for fruit vibration harvesting to study the correlation between the amplitude and frequency of the excitation force in fruit vibration harvesting.




2.2. Three-Dimensional Model of the DSEE


The DSEE is depicted in Figure 2. The operating principle of the DSEE is illustrated in Figure 2a, where the initial phases of the first pair of eccentric blocks are perpendicular to the x-axis, and the second pair of eccentric blocks have an x-axis angle of φ, known as the phase angle of the DSEE. The rotation speeds of the four eccentric blocks are equal, but the rotation directions of each pair of eccentric blocks are opposite. The excitation force of the DSEE is defined by Equation (2). The amplitude (|F| = 2eω^2(m1 + m2cos(φ))) of the excitation force can be adjusted by the angle φ. Consequently, the DSEE enables the independent adjustment of the amplitude and frequency of the excitation force to better suit vibration harvesting needs. A three-dimensional model of the DSEE was created using SolidWorks as shown in Figure 2b. Each pair of eccentric blocks is interconnected by a gear pair.
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Figure 2. Design and amplitude–frequency relationship of the DSEE eccentric block: (a) principle of the DSEE eccentric block; (b) 3D structure of the DSEE eccentric block; (c) the variation law of the amplitude, phase angle, and vibration frequency; and (d) variation force F with the phase angle φ and the time t. 
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  F   ω , φ , t   = 2 e  ω 2     m 1  +  m 2  cos  φ    sin   ( ω t )  



(2)







When the mass, rotation, and radius of the DSEE are constant, the relationship between the phase angle φ and vibration frequency f is illustrated in Figure 2c. At φ = −0.5π, the amplitude of the DSE blocks remains constant, with varying vibration frequencies reaching zero. Consequently, the DSEE does not exhibit any vibration phenomenon. With a constant vibration frequency, the amplitude increases from −π/2 to π/2 and from −π/2 to −3/2π. This variation is symmetric around the plane φ = −π/2. The adjustment range for the excitation force amplitude is selected within the φ range of −π/2 to π/2. Within this interval, the amplitude of the excitation force increases as the phase angle φ rises, while maintaining a fixed excitation frequency. When the vibration frequency is fixed, the amplitude changes with the phase angle φ and time t, as depicted in Figure 2d. The amplitude of the DSEE follows a cosine law. At a specific phase angle φ, the amplitude of the DSEE oscillates sinusoidally over time t.



The amplitude of the DSEE is adjusted by the phase angle φ. For certain fruit trees with small trunks, low exciting frequencies are required due to the fundamental frequency of fruit trees being ω = (3Ed2/(16ρl3))0.5, where E represents the modulus of elasticity, d is the diameter of the trunk, ρ is the density of the fruit tree, and l is the length of the trunk. On the other hand, fruit trees with larger trunks may require higher optimal vibration frequencies. However, the acceleration needed for fruit detachment remains constant for any fruit tree. To minimize vibration damage caused by excessive excitatory force amplitudes to the fruit tree, adjusting the amplitude of the excitatory force is essential. In comparison to the exciters in Figure 1, the DSEE can modify the amplitude of the excitation force while maintaining a fixed excitation frequency, thereby enhancing the adaptability of the excitation force to various types of fruit trees.




2.3. Experimental Method of Amplitude–Frequency Requirement Test of Fruit Vibration Harvest


To investigate the DSEE’s capability to adjust the amplitude of the exciting force based on the phase angle φ, a fruit tree vibration test involving variable frequency and amplitude excitations was conducted, as illustrated in Figure 3. The hardware setup for the fruit tree shaking device, depicted in Figure 3a, included a Huawei MagicBook2019 computer (model VLR-W29L, made in Guangzhou of China), two servomotors (SDGA-08C11BD, made in Shenzhen of China)), two adapter drivers (TSDA-C218, made in Shenzhen of China), a dual-symmetric eccentric block exciter, a tri-axis acceleration sensor (WT901SDCL, made in Shenzhen of China, mass of 2 g), and a DC power supply(made in Shantou of China). The DC power supply provided 48 V DC to the two servomotors. The computer was connected to the adapter driver via an RS232 serial port to regulate the speed and position of the two servomotors.



The DSEE is mounted on the tree trunk, and the fruit tree is subjected to excitation from different exciter frequencies and phase angles. The phase angles φ of the DSEE are set as −π/4, 0, π/4 successively, while the excitation frequencies are specified as 7 Hz, 11 Hz, and 14 Hz in Figure 3c. Vibration accelerations on the branches are gauged by two triaxial acceleration sensors (A1 and A2) in Figure 3b. The branches being measured have diameters ranging from 3.5 to 4.5 cm. These two acceleration sensors are situated approximately 40 cm from the ends of the branches, where numerous fruits grow. An analysis is carried out on the impact of the excitation force on branch acceleration at diverse excitation frequencies and phase angles. The agronomic parameters and primary structural details of the tested fruit tree are presented in Table 1. The citrus tree exhibits an open-heart tree shape.



During the fruit tree acceleration detection process, the negligible mass and volume of the acceleration sensor in comparison to the branch lead to the disregard of the sensor’s impact on branch vibration acceleration. Therefore, the vibration signal captured by the acceleration sensor is regarded as the true vibration acceleration signal of the branch. The outcomes of the tests are displayed in Figure 4 and Figure 5.





3. Results


The vibration acceleration of branches B12 and B21 over time t is displayed in Figure 4 and Figure 5. When excitation forces of the same frequency but varying amplitudes were applied to the trunk, the vibration accelerations of different branches exhibited distinct changing trends over time. When the excitation force of different exciting frequencies was applied to the trunk, the changing trends of vibration acceleration of the same branch were also different. When the excitation force of the same frequency was applied to the trunk and the phase angle φ of the DSEE was increased, the vibration accelerations of the branches showed an upward trend. Additionally, the trends of vibration accelerations for each branch were similar in nature.



In Figure 4, when the exciting force with the frequency of 7 Hz was applied to the trunk, the branch B12 was in steady state vibration, and the amplitude of acceleration vibration fluctuated very little. The vibration acceleration reaches its maximum amplitudes of 1.78 g, 4.89 g, and 7.96 g when the phase angles are −π/4, 0, and π/4 in Figure 4a–c. The amplitude of vibration acceleration fluctuates obviously under the exciting force with the frequency of 11 Hz applied to the trunk. The vibration acceleration reaches its maximum amplitudes of 2.21 g, 5.03 g, and 9.28 g when the phase angles are −π/4, 0, and π/4 in Figure 4d,f. The acceleration amplitude fluctuates greatly when the exciting force of the frequency of 14 Hz is applied to the trunk. The vibration acceleration reaches its maximum amplitudes of 2.32 g, 8.36 g, and 15.23 g when the phase angles are −π/4, 0, and π/4 in Figure 4g–i. Therefore, the amplitude of excitation force with fixed excitation frequency increases. In addition, the amplitude fluctuation of the accelerations in the branch B12 increases with the larger excitation frequency f.



In Figure 5, when the exciting force of a 7 Hz frequency was applied to the trunk, the amplitude of the vibration acceleration of branch B21 showed minimal fluctuation. The vibration acceleration reaches its maximum amplitudes of 1.85 g, 3.92 g, and 6.63 g when the phase angles are −π/4, 0, and π/4 in Figure 5a–c. With an exciting force of 11 Hz frequency applied to the trunk, there was a slight fluctuation in the amplitude of vibration acceleration. The vibration acceleration reaches its maximum amplitudes of 2.62 g, 5.86 g, and 11.28 g when the phase angles are −π/4, 0, and π/4 in Figure 5d–f. Under the exciting force of a 14 Hz frequency applied to the trunk, the amplitude of vibration acceleration in branch B21 increased over time. The vibration acceleration reaches its maximum amplitudes of 3.92 g, 9.86 g, and 17.28 g when the phase angles are −π/4, 0, and π/4 in Figure 5g–i.



To analyze the feasibility of adjusting the scheme of fruit tree vibration more accurately by changing the amplitude of the exciting force via adjusting the phase angle φ, we calculated the absolute value of the branch vibration acceleration ai and determined its average value av using Equation (3). By adjusting the phase angle φ, the vibration acceleration of branches av can be modified. This approach provides a more comprehensive method to confirm the adjustability of the excitation force amplitude. The results are illustrated in Figure 6.


   α v  =  ∑  i = 1  N    |  α i  |  N   



(3)




where N represents the number of samples collected by the acceleration sensor, and ai represents the acceleration value of each sample point.



In Figure 6a, when the frequency of the exciting force remains constant, the average acceleration av of B12 increases with the larger amplitude of the exciting force. However, when the phase angle is constant, the vibration acceleration of B12 has no obvious change trend with the increase in excitation force frequency. In Figure 6b, average vibration acceleration av of B21 shows an increasing trend with the larger exciting frequency f.



The analysis of the test results reveals inconsistencies in the acceleration of branches under varying excitation force parameters. As the excitation force amplitude increases, the acceleration of the branches demonstrates a rising trend. However, the average acceleration av of different branches does not exhibit consistency with the increase in excitation force frequency.



In Figure 6, it is evident that when the frequency of the excitation force remains constant, the average vibration acceleration av of the branch exhibits a non-linear trend of linear increase with the rise in phase angle. At different frequencies, the vibration acceleration of each branch shows significant variations with the increase in phase angle. Simultaneously, under the same excitation parameters, the amplitude of vibration acceleration differs among various branches.




4. Discussion


4.1. Analysis of Vibration Difference of Branches


In the current research on fruit vibration harvesting, objective differences in the vibration acceleration of branches exist. However, the underlying reasons for these differences remain unexplained [21,22,23,24]. To analyze the differences in vibration accelerations between branches B12 and B21 shown in Figure 4 and Figure 5, a branch vibration model was constructed using the concentrated mass method as depicted in Figure 7. The vibration harvest system was divided into primary branches, secondary branches, trunk, and exciter. Branches were labeled as B1, B11, B12, B2, B21, B22, as illustrated in Figure 7a. By simplifying the other branches and leaves into concentrated masses, vibration models for branches B12 and B21 were derived, as shown in Figure 7b,c. Through force balance relationships, vibration differential equations for B12 and B21 were established (Equations (4) and (5)). The results indicate that the mass and position of other branches related to a specific branch influence its vibration characteristics, leading to varied vibration accelerations among different branches. This underscores the need for multiple excitation frequencies to enhance fruit harvest efficiency in fruit trees.


  E I    ∂ 4  y   ∂  x 4    +       ρ A  x  + M δ ( x − l ) +  M 2  δ ( x −  l 2  ) +  m 3  δ ( x −  l 3  ) +        m  11   δ ( x −  l  11   ) +  m  12   δ   x −  l  12            y ¨  = δ ( x − l ) F ( w , φ , t )  



(4)






  E I    ∂ 4  y   ∂  x 4    +       ρ A  x  + M δ ( x − l ) +  M 1  δ ( x −  l 1  )       +  m 3  δ ( x −  l 3  ) +  m  22   δ ( x −  l  22   ) +  m  21   δ   x −  l  21            y ¨  = δ ( x − l ) F ( w , φ , t )  



(5)







In the equation, E denotes the elastic modulus of the fruit tree, while I represents the moment of inertia of the trunk section. ρ stands for the density of the beam, A(x) signifies the cross-sectional area of the trunk, and δ represents the distribution function of the concentrated mass. y indicates the direction of change in the vibration displacement of the trunk or branches.



The branch vibration can be regarded as beam vibration. The vibration transfer function H(ω) of the branch is expressed by superimposing multiple modes in Equation (6).


  H  ω  =   ∑  r = 1  N    1   m r         φ r         φ r     T     ω r 2  −  ω 2  + j  ξ r   ω r  ω     =   y  w    F   w , φ , t      



(6)




where y(ω) represents the vibration displacement of the branch, and F(ω,φ,t) represents the exciting force generated by DSEE. ωr is the rth-order vibration mode frequency of the branch, ω is the excitation frequency, j is the unit complex number, j2 = −1, and ξr is the damping of the rth-order mode. {φr} is the mode function of r-th mode; mr is the modal mass.



From the vibration transfer function of tree branches, it is evident that when the spatial structure of the branches and the excitation frequency of the fruit tree remain constant, the vibration transfer function of the fruit tree is determined. Increasing the amplitude F of the excitation force by the phase angle φ results in a larger displacement of branch vibration and a larger acceleration value. This explains why the test results in Figure 5 and Figure 6 align with the vibration transfer function H(ω) of the branches. This also validates why the vibration acceleration of branches can increase with the growing phase angle φ of the excitation force.




4.2. Significance of Amplitude Regulation of Excitation Force


During trunk vibration harvesting, the vibration acceleration of fruits primarily relies on the exciting force generated by the shaker [25,26,27]. Nevertheless, the amplitude and frequency of the excitation force generated by current exciters follow a square relation. Optimal exciting frequencies for fruit vibration harvesting vary among different types of fruit trees [7,9,23]. When the excitation force amplitude is small, it can lead to a low fruit detachment rate due to insufficient force. Conversely, a large excitation force amplitude may cause excessive vibration acceleration, surpassing the required force for fruit separation from the stem. Additionally, high excitation force amplitudes can potentially damage the fruit trees [24]. The DSEE addresses the issue of un-adjustable excitation force amplitudes at a constant frequency. By increasing the vibration force amplitude at a lower excitation frequency, the vibration acceleration of branches can be enhanced, leading to a higher fruit detachment rate. Conversely, decreasing the vibration force amplitude at a higher exciting frequency can mitigate the risk of excessive force that could potentially damage the fruit trees.




4.3. Future Research Plans


The vibration characteristics of fruit trees vary significantly due to differences in tree shapes. The DSEE developed in this study enables the independent adjustment of excitation force amplitude and frequency. However, each fruit tree possesses unique spatial structures influenced by growth, pruning, and other factors, resulting in changing spectral properties over the years. Previous research primarily relied on experimental methods to measure vibration modes of fruit trees, making it challenging to directly apply these results in selecting excitation parameters for next year’s fruit tree vibration harvest. Rapidly perceiving the vibration characteristics of fruit trees has thus become a complex task.



To effectively select the optimal exciting frequency for fruit tree vibration harvesting, it is crucial to first obtain the vibration characteristics of the specific fruit tree. This allows for adjusting the excitation force amplitude through the phase Angle φ of the DSEE. By coupling excitation force parameters with the unique vibration characteristics of fruit trees, intelligent vibration harvesting can be achieved. Therefore, our study aims to explore efficient modal frequency detection for fruit trees during the vibration harvesting process. Utilizing modal frequency as the input signal, a control algorithm for adjusting the exciting force parameters of fruit tree vibration harvesting will be developed, enabling intelligent vibration harvesting of fruit trees.





5. Conclusions


The DSEE developed is composed of two sets of symmetrical eccentric blocks, and it has the capability to adjust the excitation force amplitude through its phase angle. When maintaining a constant excitation frequency, increasing the phase angle φ of the DSEE results in an amplification of the exciting force amplitude, subsequently leading to higher vibration accelerations of the branches. Conversely, reducing the phase angle φ tends to decrease the branch vibration acceleration.



Furthermore, theoretical analysis in the discussion reveals that the average vibration acceleration values vary among different branches under the same excitation parameters due to differences in equivalent concentrated mass size and distribution positions across branches.
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Figure 1. Mechanical model of 4 common exciter structures: (a) single eccentric exciter; (b) symmetrical double eccentric exciter; (c) asymmetric double eccentric exciter; and (d) orthogonal eccentric exciter. Note: m, m1, and m2 are the masses of the eccentric blocks, kg; e is the eccentric distance, m; ω, ω1, and ω2 are the angular rates of rotation of the eccentric blocks, rad/s; t is the time, s; and meω2 is the centrifugal force of eccentric block, N. 
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Figure 3. The amplitude–frequency test of fruit tree excitation force: (a) test device connection mode; (b) fruit tree vibration test; and (c) frequency and phase angle setting method. 
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Figure 4. Vibration acceleration of B12 at excitation force with different parameters: (a) f = 7 Hz, φ = −π/4; (b) f = 7 Hz, φ = 0; (c) f = 7 Hz, φ = π/4; (d) f = 11 Hz, φ = −π/4; (e) f = 11 Hz, φ = 0; (f) f = 11 Hz, φ = π/4; (g) f = 14 Hz, φ = −π/4; (h) f = 14 Hz, φ = 0; and (i) f = 14 Hz, φ = π/4. Note: g represents the acceleration of gravity with a magnitude of 9.8 ms−2. 
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Figure 5. Vibration acceleration of B21 at excitation force with different parameters: (a) f = 7 Hz, φ = −π/4; (b) f = 7 Hz, φ = 0; (c) f = 7 Hz, φ = π/4; (d) f = 11 Hz, φ = −π/4; (e) f = 11 Hz, φ = 0; (f) f = 11 Hz, φ = π/4; (g) f = 14 Hz, φ = −π/4; (h) f = 14 Hz, φ = 0; and (i) f = 14 Hz, φ = π/4. Note: g represents the acceleration of gravity with a magnitude of 9.8 ms−2. 
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Figure 6. Variation in the mean vibration acceleration of branches: (a) the mean acceleration of B12 and (b) the mean acceleration of B21. 
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Figure 7. Vibration modeling of branches: (a) simplification of the structure of fruit trees; (b) simplified model of tree B12; and (c) simplified model of branch B21. 
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Table 1. Test the main parameters of fruit trees.
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	Parameter Name
	Value





	Variety of fruit tree
	Citrus tree



	Spacing of tree rows/m
	5.6



	The bead spacing of citrus trees/m
	4.8



	Diameter of 60 cm high trunk/cm
	11.2–14.8



	Fruit tree height/m
	3.6–4.2



	Crown radius/m
	2.2–2.6
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