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Delonix regia has good potential for medicinal, nutritional, and energy
applications. However, the manual process of decorticating Delonix regia is
labor-intensive, slow, and tedious. Mechanization of the decorticating process
would be of value to its utilization for medicinal, food, feed, or fuel purposes.
In this study, preliminary compressive strength tests were carried out on the D.
regia pods to determine the force required to fracture the pods. Subsequently,
a machine capable of separating the D. regia seeds from the pods was designed
based on impact of beaters on pods. A prototype of the developed machine
was evaluated to determine its performance in terms of decorticating efficiency,
whole seed recovery, feed rate, and throughput. The compressive tests showed
that a force of 602 N was required to fracture the D. regia pods in transverse
orientation. The decorticating efficiency of the designed machine, which had
a power rating of 6 kW, was 100.0%, and the whole seed recovery was esti-
mated to be 98.4%. The throughput of the machine was 56.4 kg/h. The developed
decorticating machine allows enhanced potential for medicinal and nutritional
application of D. regia.
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1 INTRODUCTION

Delonix regia is a many-branched spreading flat-crowned tree that is well known for its brilliant display of red-orange
bloom. Suhane et al1 claimed that the tree is native to Madagascar and Zambia and exotic in Brazil, Burkina Faso, Cyprus,
Ethiopia, India, Jamaica, Nigeria, Puerto Rico, Singapore, South Africa, Uganda, United States of America, Egypt, Eritrea,
Kenya, Mexico, Niger, Sri Lanka, Sudan, and Tanzania. D. regia is also known in English as Flamboyant, Flame tree,
Flame of the forest, Gold mohar, Julu tree, Peacock flower, and Royal Poinciana.2 In Nigeria, it is known as Sekeseke in
Yoruba language. D. regia is widespread in most tropical areas of the world.

Flame tree is an ornamental plant that reaches a height of 10 to 15 m with woody stems. It is ranked among the top
five most beautiful tropical trees in the world and produces, in spring, striking flame-like scarlet and yellow flowers. The
fruit is leguminous, stipitate, unilocular, elongate, and oblong, which is green when young but turns hard, dark brown,
and woody when mature.1 The length of the fruit is between 30 and 75 cm, its thickness is about 3.8 cm, and its width is
between 5 and 7.6 cm. The seeds of D. regia are hard, woody, glossy, oblong, and olive brown or black in color. The seeds
are about 2 cm long.3 Figure 1 shows a picture of D. regia pods and seeds.
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FIGURE 1 Delonix regia pods and seeds

D. regia has large range of medicinal applications for antimicrobial and antifungal activities and antioxidants, and
its seeds contain flavonoids used as domestic wound healing agent.4-6 The seeds are also used occasionally as beads.7
Abulude and Adejayan8 investigated the nutritional value of D. regia and advised that despite the presence of bioactive
substances, the seeds should be properly processed due to antinutrients. D. regia is rich in protein and can serve as a
substitute for groundnut cake in poultry feed.8,9 Gums extracted from D. regia seed makes it potentially resourceful in the
food industry.10

Seed oil extracted from D. regia has potential for control of maize weevils. This facilitates traditional grain storage
practices if incorporated in grain storage system.11 The extracted seed oil also has the potential for green production of
biodiesel.12,13 Olagbende et al14 also utilized pods of D. regia in generating alternative fuels through pyrolysis.

In Nigeria, all parts of D. regia have not been extensively exploited for food or feed and consequently mostly regarded
as waste.8 Traditional extraction of the seed from the pod is done manually. Matured pods are collected by pruning poles
and any unopened pods are usually dried for 1 month when the sun is at its peak. These are then opened with much effort
to remove the seeds that are loosely attached in lateral grooves. The pods are hard, which makes it difficult to open. After
the pods are dried under the sun to ensure that there is little or no water present, it is opened with the use of knife from
the side, which is the path of least resistance. Separation of the seeds is then carried out by hand picking. Another practice
is to soak the pods in water for a night, after which the pods are twisted to open. The manual method of separating seeds
from the pods is usually a labor-intensive, slow, and tedious process. There is, therefore, a need to develop mechanized
means of separating the seeds from the pods.

Shelling, which is the removal of shells or dry pods, has an objective of producing clean whole seeds free of cracks.15

Several machines working on different principles have been developed for separating different nuts and seeds from their
shells and pods. Gong et al16 reviewed cashew nut shelling techniques. Ojolo et al17 developed a variable size nut cracker
which had cracking efficiency of 87%. Ojolo et al18 developed a cashew nut shelling machine working on the principle of
impact. Ojolo et al19 and Ojolo and Ogunsina20 carried out studies on a cashew nut cracking device. Lim et al21 evaluated
the performance of a jatropha fruit shelling machine and obtained a separation efficiency of 91.25%. Kheiralla et al22

also developed a jatropha seed shelling machine with a shelling percentage of 46.33%. Fadele and Aremu23 developed a
machine for shelling Moringa oleifera.

Pius et al24 developed and evaluated a castor seed shelling machine. Rajput et al25,26 developed a green chickpea pod
stripping and shelling machine. A table mounted device for cracking Dika nut was developed by Ogunsina et al.27 Oluwole
et al28 developed a sheanut cracker which operates on the principle of impact. Omobuwajo et al29 and Nwigbo et al30

designed machines to shell and dehull for African breadfruit.
Oriaku et al31 identified methods of melon dehusking as impact and attrition and carried out a comparative analysis of

both methods. Adedoyin et al32 developed a melon shelling machine with 62.5% shelled whole melon seeds. Other melon
seeds shelling machine have been developed by Adekunle et al,33 James et al,34 Shittu and Ndrika,35 and Sobowale et al.36

Oluwole et al37 evaluated centrifugal impaction devices for shelling bambara groundnut and obtained a shelling effi-
ciency of 96%. Mangave and Deshmukh38 presented the design of a portable groundnut shelling machine. Mohammed
and Hassan,39 Raghtate and Handa,40 and Ugwuoke et al41 also presented designs of groundnut shelling machines. There
has been no report of an automated method for the separation of Delonix regia seed from the pod. The primary objective
of this work is, therefore, to design and develop a motorized Delonix regia pod decorticating machine and evaluate its
performance.
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Experiment no. Compressive Compressive Compressive Deformation,
stress at break, strain at break load at break, mm

MPa N
1 0.331 0.136 410.9 5.2
2 0.362 0.176 448.3 6.8
3 1.095 0.162 1357.8 6.0
4 0.155 0.110 191.8 4.4
Mean 0.486 0.146 602.2 5.6

Standard deviation 0.416 0.029 516.3 1.0

TABLE 1 Results of the compression
test carried out on the pod in the
transverse orientation

Experiment no. Compressive Compressive Compressive Deformation,
stress at break, strain at break load at break, mm

MPa N
1 0.024 0.050 9.0 4.8
2 0.006 0.091 2.3 9.0
3 0.125 0.092 46.9 10.3
4 0.058 0.442 21.6 66.8
Mean 0.053 0.169 20.0 22.7

Standard deviation 0.052 0.183 19.7 29.5

TABLE 2 Results of the compression
test carried out on the pod in the
longitudinal orientation

2 PRELIMINARY EXPERIMENTS

The force required to fracture the pods under static load was determined by compressive test using a universal load testing
machine (Instron Electromechanical Testing Systems, Model 3369) at the Material Testing Laboratory of the Centre for
Energy Research and Development, Obafemi Awolowo University, Ife, Nigeria. The tests determined the forces required
to effectively fracture the pod when in the longitudinal and transverse orientations. Eight specimens of dry Delonix regia
pods were used. The findings are presented in Tables 1 and 2. The average force required to break one pod is 602 N in the
transverse orientation. The average force required to fracture the pods in longitudinal orientation is 20 N. The maximum
force required to fracture the pod is 1360 N. For the design of the machine to separate the seeds of Delonix regia from the
pods, the average force is used.

3 DESIGN ANALYSIS

3.1 Description and operating principle of machine
The pods are fed into the machine through a hopper which directs the pods into the crushing unit. The crushing unit has
a shaft carrying beaters that are mounted on a shaft. The beaters are enclosed in a cylindrical container that has fixed jaws
on its sides, which serves as counter beaters to make the crushing process effective. A mesh is placed beneath the unit to
ensure that the crushing process is effective. The beaters are powered by an electric motor that is connected to the shaft
by pulleys.

During operation, the beaters hurl Delonix regia pods toward the fixed jaws or counter beaters. This cracks the pods
due to the impact of the beaters on the pods against the fixed jaws. The crushed pods and seeds pass through the mesh
after the size has been sufficiently reduced. The crushed mix of chaff and seed then fall into the separation compartment.
Separation is carried out by the use of a blower, which is able to remove light chaff particles that have low densities relative
to the seed. Sieving and vibration is also utilized to separate the seeds from larger chaff particles.

3.2 Design analysis
3.2.1 The crushing unit
The beaters impact on the pods against the fixed jaws to fracture the pods. The cylindrical container housing the crushing
unit has a diameter of 200 mm. The tip diameter of the beaters is selected to be 190 mm to give a clearance of 5 mm from
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the barrel. Assuming that the impact force is applied at the tip, the torque, T, required to crack the pods, is estimated from

T = F × d
2
. (1)

F is the force required to fracture the pods and d is the tip diameter of the beaters. The minimum torque on one beater
for cracking one pod is estimated to be 57.2 Nm. The shaft carries the beaters in the crushing unit. There are 26 beaters
on the shaft arranged in two rows.

According to Kabir and Fedele,42 the operating speed for seed or nut shelling or decortications ranges from 63 to
4570 rpm depending on the shelling device. It was stated that it is usually high, in most cases, for centrifugal impaction
devices. Taking the speed from within the range as 600 rpm, the power requirement, PWc, for crushing the pods, is
estimated from43,44

PWC = 2𝜋NT
60

. (2)

The required torque, T, has been determined to be 57.2 Nm. The power required for crushing the pods is, therefore,
3.6 kW.

3.2.2 Blower
The blower is an axial fan that removes small particulate chaff of the crushed chaff of the pods. The force of the air
delivered by the fan must be greater than the weight of the chaff. Comparing bulk densities similar materials as the Delonix
regia chaff with paper,45 the average mass of the chaff per unit area, m, may be taken as 250 g/m2. For the cross-sectional
area, A, of fan taken as 200 mm, the maximum weight of material to be removed is

W = (mA) g. (3)

Taking acceleration due to gravity, g, as 9.8 m/s, the weight of the chaff is 61.6 N. From the momentum equation,
assuming an initial velocity of zero in the direction of flow, the force of flow is estimated from Bird and Ross46

F = .mv = 𝜌aAv.v = 𝜌aAv2. (4)

v is the required velocity of the air stream, 𝜌a is the density of air assumed to be 1.225 kg/m3, and F is assumed equal to
the weight, W, of the lightweight material. To evaluate the minimum required velocity of air flow, v,

v =
[

W
𝜌aA

]1∕2

. (5)

The velocity of air flow is estimated as 40 m/s. The volumetric flow rate, Q, is estimated from

Q = Av. (6)

The volumetric flow rate is estimated to be 1.25 m3/s. The pressure produced by the impeller of the fan is47

P = 1
2
𝜓𝜌av2. (7)

𝜓 is the pressure coefficient, which is taken as unity. The air pressure is, therefore, 980 N/m2. The power, PWf, required
by the fan is estimated from47

PW𝑓 = 𝜁PQ. (8)

𝜁 is a coefficient flow recirculation and impeller exit losses taken as 1.2. The power required for the fan is determined
to be 1.47 kW.
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3.2.3 Design of shaft for beaters
The forces on the shaft are shown in Figure 2. It is assumed that the force of impact on the impellers, F, is the crushing
force. The force, Fbelt, is due to the tension of the belt on the pulleys to produce the required torque of 57.2 Nm.

To determine Fbelt, the size of the pulley driving the shaft, D2, is determined from43,44

D2 = N1

N2
(D1) . (9)

The size of the pulley on the prime mover, D1, is taken as 100 mm; the speed on the prime mover, N1, is 1200 rpm; the
required speed of the beaters, N2, is 600 rpm. The required diameter of the pulley to operate the shaft carrying the beaters
is 200 mm.

The torque, T, delivered by the pulley to the shaft, is expressed as43,44

T = (T1 − T2)
D2

2
. (10)

However, the relationship between tension on the tight side of the belt, T1, and the slack side of the belt, T2, is43,44

T1 = T2e𝜇𝜃. (11)

The friction coefficient, 𝜇, is taken as 0.3, and the angle of wrap, 𝜃, is determined from43,44

𝜃 = 180 + 2sin−1
(D1 − D2

2C

)
. (12)

The center distance, C, of the pulley is assumed to be 600 mm. The angle of wrap is, therefore, 189.6◦ (3.3 rad). The
tension forces in the tight and slack sides of the belt of the pulley are then estimated to be 910.2 N and 338.2 N. The force,
Fbelt, is the sum of the tension forces resolved to the respective axis obtained to be 1244.0 N and 48.9 N in the vertical
and horizontal directions, respectively. The bending moment diagram, in Figure 3, shows that the maximum bending
moment is 988.0 Nm.

Using the Tresca's yield criterion, the equivalent twisting moment, Te, of the combination for loads is43,44

Te =
√

(kmM)2 + (ktT)2
. (13)

The maximum bending moment on the shaft, M, is 988.0 Nm; the twisting moment, T, is 57.2 Nm; the combined shock
and fatigue factor for bending, km, is taken as 1.5; the combined shock and fatigue factor for shear, kt, is taken as 1.0. The

FIGURE 2 Forces on the shaft carrying
the beaters (dimensions in mm)

FIGURE 3 Resultant bending moment diagram of shaft carrying
beaters
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FIGURE 4 The Delonix regia seed
separator machine

equivalent twisting moment is estimated to be 1483.1 Nm. The shaft diameter is estimated from43,44

d =
(

16Te

𝜋𝜏

) 1
3

. (14)

Assuming the material for the shaft to be mild steel with a yield strength of 600 MPa, the design shear stress, taken
as 0.3 times the yield strength, is 180 MPa. The shaft diameter is, therefore, estimated to be 34.8 mm. A standard shaft
diameter of 35 mm is selected.

The drawing of the machine is shown in Figure 4.

3.2.4 Power rating of electric motor
The electric motor is required to power the crushing unit and the blower. The power required in the crushing unit has
been estimated to be 3.6 kW, while the blower requires 1.47 kW. The total power requirement of the machine is 5.07 kW.
An electric motor with a power rated at 6 kW or 8 hp is selected.

3.3 Performance evaluation of the machine
To investigate the performance of the machine, the Delonix regia pods were fed into the machine through the hopper
while the machine was in operation. The separated seeds were collected, and the quantity of seeds, cracked whole seeds,
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uncracked seeds, and broken seeds were determined. The cracking or decorticating efficiency (DE) was determined from

DE =
Total number of completely cracked pods

Total number of fed pods
× 100%. (15)

The whole seed recovery (WSR) was determined from:

WSR = whole seeds recovered
Total number of seeds in the pods

× 100%. (16)

The feed rate evaluated as

feed rate =
completely shelled pods

shelling time
. (17)

The throughput was estimated from

Throughput
(
kg∕h

)
= mass × shelling rate. (18)

Seed breakage ratio (SBR) was determined from Ndukwu and Asoegwu48

SBR = CD

CD + CU
× 100%, (19)

where Cd = cracked and damaged pods and Cu = cracked and undamaged pods.

4 RESULTS AND DISCUSSION

The developed machine for decorticating of the D. regia pods was evaluated to determine its performance. The number of
cracked and uncracked pods (CP and UP, respectively) were determined along with number of cracked whole seeds (CW)
and broken seeds (BS). Moreover, the DE, SBR, and WSR were determined during evaluation. The results obtained for the
identified performance metrics during decorticating are presented in Tables 3 and 4. Table 3 shows the results when one
pod was fed into the machine. Table 4 shows the results of feeding five pods into the machine over a period of 30 seconds.
It is seen that the number of D. regia seeds in the pods ranges between 37 and 41.

The decorticating efficiency was evaluated on the basis of the number of completely shelled pods. The Delonix regia
seed separating machine shelled all pods, which resulted in decorticating efficiency of 100.0%. The same results for decor-
ticating efficiency were obtained for single pods and multiple pods. Oluwole et al28 also obtained efficiency of 100.0% for
a sheanut cracker. Subramanian et al49 obtained shelling efficiency of 76.7% for sunflower seeds dehuller, and Romuli
et al50 obtained maximum efficiency of 84.6%. Jain and Kumar51 found that increasing speed improved shelling efficiency
of a cashew nut shelling machine, but contrary observation was made by Balami et al52 for a castor seed shelling machine.
Romuli et al50 and Subramanian et al49 also found that increasing seed sizes improved the shelling efficiency of machines
for jatropha and sunflower, respectively.

S/N NS CP UP CW BS DE (%) SBR (%) WSR (%)
1 37 1 0 36 1 100 2.7 97.3
2 41 1 0 40 1 100 2.4 97.6
3 38 1 0 38 0 100 0.0 100.0
4 37 1 0 37 0 100 0.0 100.0
Mean 39 1 0 38 1 100 1.3 98.7

SD 1.5 0 0 1.3 0.5 0 1.1 1.1

Abbreviations: BS, broken seeds; CP, cracked pods; CW, cracked whole seeds; DE,
decorticating efficiency; NS, number of seeds; SBR, seed breakage ratio; SD, standard
deviation; UP, uncracked pods; WSR, whole seeds recovery.

TABLE 3 Results of performance of machine for
processing of 1 pod
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TABLE 4 Results of performance of machine for
processing five pods

S/N NS CP UP CW BS DE (%) SBR (%) WSR (%)
1 187 5 0 184 3 100 1.6 98.4
2 184 5 0 182 2 100 1.1 98.9
3 179 5 0 176 3 100 1.7 98.3
4 182 5 0 178 4 100 2.2 97.8
Mean 183 5 0 180 3 100 1.6 98.4

SD 2.6 0 0 2.8 0.6 0 0.3 0.3

Abbreviations: BS, broken seeds; CP, cracked pods; CW, cracked whole seeds; DE,
decorticating efficiency; NS, number of seeds; SBR, seed breakage ratio; SD, standard
deviation; UP, uncracked pods; WSR, whole seeds recovery.

The WSR was between 97% and 100% when single pods and multiple pods are cracked. For cracking single pods, the
average WSR is 98.7 ± 1.14%. For multiple pods, the average WSR is 98.4 ± 0.35%. There is no significant difference in the
WSR between feeding a single pod and feeding multiple pods. Kumar et al53 obtained whole kernel recovery of 62.71% for
a sal fruit decorticator. Sharm et al54 had a whole kernel recovery of 52.24% for a fruit decorticator. Pradhan et al55 also
obtained whole kernel recovery of 67.94% for jatropha fruit decorticator.

The average SBR of Delonix regia seed from the machine was 1.6% when multiple pods were fed. Oluwole et al28 obtained
no breakage of nuts for a shea nut cracker. Kernel breakage was 30% for a cashew nut shelling machine by Ojolo et al.18

Jain and Kumar51 observed that increasing screw speed could result in high kernel breakage and, consequently, low whole
kernel recovery. Ogunsina and Bamgboye56 also noted that whole kernel recovery of cashew nuts may be influenced by
the sizes of seeds.

For the feed rate of 5 pods in 30 seconds, the throughput of the machine was 56.4 kg/h. The feed rate or throughput was
within the range of observed feed rates of decorticating and shelling machines by Kabir and Fedele,42 which was between
3 kg/h to 215.8 kg/h. An increase in feed rate did not affect the efficiency of the machine. However, Gupta and Das57 and
Subramanian et al49 observed that feed rate decreased with increase in dehulling efficiency for sunflower seed. Contrarily,
Ranjeet and Sukhdev58 found that decorticating efficiency increased with feed rate.

5 CONCLUSION

Delonix regia is a tropical tree with seeds that find applications in medicine, nutrition, and energy. The manual pro-
cess of separating the seeds from the pods of Delonix regia is tedious, slow, and unsafe. Mechanization of the process, to
increase productivity and eliminate the drudgery, would be of value to its utilization for food, feed, or fuel purposes. In
this study, compressive strength tests were carried out on Delonix regia pods in different orientations to determine the
force required to fracture the pods. In addition, a decorticating machine that is capable of separating the seeds from the
pods was designed. and a prototype of the machine was developed and evaluated.

The study established that the average force required to fracture the D. regia pods in the transverse orientation was
602 N. The average force required to fracture the pods in longitudinal orientation was 20 N. The maximum force required
to fracture the pod was found to be 1360 N. The forces were taken into consideration during the design of the decorticating
machine for D. regia. The efficiency of the decorticating machine was 100.0%. The machine had a power rating of 6 kW,
and the whole seed recovery was estimated to be 98.4%. The throughput of the machine was 56.4 kg/h.

With the developed decorticating machine, the utilization of seeds of D. regia in medicine, human nutrition, and animal
feeds will be further enhanced. In addition, the machine will eliminate the drudgery associated with the processing of
large quantities of seeds required for energy applications. Further work will be carried out to investigate the effects of
varying process parameters such as the moisture content of pods and beater speed, on the performance of the machine.

CONFLICT OF INTERESTS

Authors have no conflict of interest relevant to this article.

FUNDING

This research did not receive any specific grant from funding agencies in the public, commercial, or not-for-profit sectors.



OJOLO ET AL. 9 of 10

AUTHOR CONTRIBUTIONS

Sunday Ojolo, Conceptualization-Equal, Investigation-Equal, Methodology-Equal, Supervision-Equal, Writing-review
& editing-Equal; Joseph Orisaleye, Investigation-Equal, Methodology-Equal, Writing-review & editing-Equal;
Adebayo Ogundare, Investigation-Equal, Methodology-Equal, Writing-review & editing-Equal; Damilola Kadiri,
Investigation-Equal, Methodology-Equal, Writing-original draft-Equal.

ORCID

S. J. Ojolo https://orcid.org/0000-0002-4548-0090
J. I. Orisaleye https://orcid.org/0000-0002-8793-3043
A. A. Ogundare https://orcid.org/0000-0003-3523-8214

REFERENCES
1. Suhane N, Shrivastava RR, Singh M. Gulmohar an ornamental plant with medicinal uses. J Pharmacogn Phytochem. 2016;5(6):

245-248.
2. Worldagroforestry. http://www.worldagroforestry.org. Published 2016. Accessed October 4, 2016.
3. Arora A, Sen R, Singh J. Fatty acid composition of Delonix regia (Gulmohar) seed oil from arid zone of Rajasthan. J Indian Council Chem.

2010;27(2):150-152.
4. Aloh GS, Obeagu EI, Odo CE, Obeagu GU, Okpara KE, Kanu SN. Effect of methanol extract of Delonix regia on free radical scavengers

and lipid profile of Wistar albino rats. Eur J Pharm Med Res. 2015;2(2):95-123.
5. Sammour RH, El-Shanshoury AER. Antimicrobial activity of legume seed proteins. Bot Bull Acda Sin. 1992;33:185-190.
6. Vidyasagar GM, Prashantkumar P. Traditional herbal remedies for gynecological disorders in women of Bidar district. Fitoterapia.

2007;78:48-51. http://doi.org/10.1016/j.fitote.2006.06.017
7. Orwa C, Mutua A, Kindt R, Jamnadass R, Simons A. Agroforestree Database: A Tree Species Reference and Selection Guide. Version 4.0.

2009. Nairobi, Kenya: World Agroforestry Centre (ICRAF).
8. Abulude FO, Adejayan AW. Nutritional values of flamboyant (Delonix regia) seeds obtained in Akure, Nigeria. PeerJ Preprints. 2017. http://

doi.org/10.7287/peerj.preprints.2764v1
9. Egena SSA, Usman A, Shiawoya EI, Yahaya SK, Ogunlowo HO. Performance of starter boilers fed anaerobically fermented and Lyle treated

Delonix regia seed meal. Pak J Nutr. 2008;3(7):489-492. http://doi.org/10.3923/pjn.2008.489.492
10. Pacheco-Aguirre J, Rosado-Rubio G, Betancur-Ancona D, Chel-Guerrero L. Physicochemical properties of carboxymethylated flamboyant

(Delonix regia) seed gum. CyTA - J Food. 2010;3(8):169-176. http://doi.org/10.1080/19476330903322960
11. Ajayi OE. Insecticidal activity of powder and extracts of Delonix regia seed against maize weevil, Sitophilus zeamais (Coleoptera:

Curculionidae). FUTA J Res Sci. 2013;54-62.
12. Krishnan DP, Kumar GR, Sakthi S, Swaminathan K. Lipase catalysed biodiesel production from Delonix regia oil. Int J Eng Res Sci Technol.

2015;2(4):258-264.
13. Okey EN, Okey PA. Optimization of biodiesel production from non-edible seeds of Delonix regia (Gul Mohr). Int J Bioresour Technol.

2013;1(1):1-8.
14. Olagbende HO, Aransiola EF, Ogunsina BS, Sanda O, Shonibare OO. Modification of a fixed bed reactor system for pyrolytic conversion

of Royal Poinciana pods into alternative fuels. Int J Renew Energy Res. 2016;6(4):1350-1360.
15. ITDG. Cashew Nut Processing, ITDG Practical Answers to Poverty. Technical Brief. Rugby, UK: Immediate Technology Development Group;

2002.
16. Gong J, Xia W, Fu Y-F, et al. A review on the cashew nut shelling techniques. J Appl Sci Eng Innov. 2016;3(4):133-138.
17. Ojolo S, Ogundare A, Adegbiji A. Development of a variable size nut cracker. Agric Eng Int: CIGR J. 2015;17(3):159-165.
18. Ojolo SJ, Damisa O, Orisaleye JI, Ogbonnaya C. Design and development of cashew nut shelling machine. J Eng Des Technol.

2010;8(2):146-157. http://doi.org/10.1108/17260531011062528
19. Ojolo SJ, Olatunji OO, Orisaleye JI. Ergonomic evaluation of cashew nut shelling machine. Agric Eng Int: CIGR J. 2016;18(1):167-179.
20. Ojolo SJ, Ogunsina BS. Development of a cashew nut cracking device. Agric Eng Int: CIGR J. 2007;9. Manuscript PM 06030.
21. Lim BY, Shamsudin R, Baharudin BTHT, Yunus R. The performance of a Jatropha fruit shelling machine and the future improvement.

Univers J Appl Sci. 2014;2(7):233-236.
22. Kheiralla AF, Tola EH, Korsha AN, Eltigani AY. Development and evaluation of Jatropha seeds shelling machine for biofuel production.

Am-Eurasian J Agric Environ Sci. 2015;15(4):630-639.
23. Fadele OK, Aremu AK. Design, construction and performance evaluation of a Moringa oleifera seed shelling machine. Eng Agric Environ

Food. 2016. https://doi.org/10.1016/j.eaef.2016.01.002
24. Pius CO, Nnaemeka SPO, Charles O, Vincent NO, Chinenye AI. Design enhancement evaluation of a castor seed shelling machine. J Sci

Res Rep. 2014;3(7):924-938. http://doi.org/10.9734/JSRR/2014/5557
25. Rajput MR, Mandhyan BL, Borkar PA. Modification of green chickpea pod stripping cum shelling machine. PKV Res J. 2012;36(2):87-92.
26. Rajput MR, Mandhyan BL, Borkar PA. Testing of modified green chickpea pod stripping cum shelling machine. PKV Res J.

2013;37(1&2):120-124.

https://orcid.org/0000-0002-4548-0090
https://orcid.org/0000-0002-4548-0090
https://orcid.org/0000-0002-8793-3043
https://orcid.org/0000-0002-8793-3043
https://orcid.org/0000-0003-3523-8214
https://orcid.org/0000-0003-3523-8214
http://www.worldagroforestry.org
http://doi.org/10.1016/j.fitote.2006.06.017
http://doi.org/10.7287/peerj.preprints.2764v1
http://doi.org/10.7287/peerj.preprints.2764v1
http://doi.org/10.3923/pjn.2008.489.492
http://doi.org/10.1080/19476330903322960
http://doi.org/10.1108/17260531011062528
https://doi.org/10.1016/j.eaef.2016.01.002
http://doi.org/10.9734/JSRR/2014/5557


10 of 10 OJOLO ET AL.

27. Ogunsina BS, Koya OA, Adeosun OO. A table mounted device for cracking Dika nut (Irvinigia gabonensis). Agric Eng Int: CIGR J. 2008;10.
Manuscript PM 08 011.

28. Oluwole FA, Aviara NA, Haque MA. Development and performance tests of a sheanut cracker. J Food Eng. 2004;65:117-123. http://doi.
org/10.1016/j.jfoodeng.2004.01.004

29. Omobuwajo TO, Ikegwuoha HC, Koya OA, Ige MT. Design, construction and testing of a dehuller for African breadfruit (Treculia Africana)
seeds. J Food Eng. 1999;42:173-176. http://doi.org/10.1016/S0260-8774(99)00116-8

30. Nwigbo SC, Achebe CH, Chinwuko EC, Tagbo DA. Design of breadfruit shelling machine. Afr Res Rev. 2008;2(4):1-16. http://doi.org/10.
4314/afrrev.v2i4.41079

31. Oriaku EC, Agulanna CN, Nwannewuihe HU. Comparative performance analysis of melon (Colocynthis citrullus L.) de-husking and
separation machines by principles of impact and attrition. Int J Multidiscip Sci Eng. 2013;4(7):53-59.

32. Adedoyin RA, Olatunde OB, Ponle EA. Design, fabrication and performance evaluation of melon shelling machine. Int J Res Eng Technol.
2015;4(7):78-82. http://doi.org/10.15623/ijret.2015.0407012

33. Adekunle AS, Ohijeagbon IO, Olusegun HD. Development and performance evaluation of manually and motorized operated melon
shelling machine using impact technique. J Eng Sci Technol Rev. 2009;2:12-17. http://doi.org/10.25103/jestr.021.03

34. James KM, Umogbai V, Itodo IN. Development and evaluation of a melon shelling and cleaning machine. J Emerg Trends Eng Appl Sci.
2011;2(3):383-388.

35. Shittu SK, Ndrika VIO. Development and performance tests of a melon (egusi) seed shelling machine. Agric Eng Int: CIGR J. 2012;14(1).
Manuscript 2027.

36. Sobowale SS, Adebiyi JA, Adebo OA. Design, construction and performance evaluation of a melon seed sheller. Food Process Technol.
2015;6(7):463. http://doi.org/10.4172/2157-7110.1000463

37. Oluwole FA, Abdulrahim AT, Olalere RK. Evaluation of some centrifugal impaction devices for shelling Bambara groundnut. Agric Eng
Int: CIGR J. 2007;9. Manuscript PM 07 007.

38. Mangave S, Deshmukh B. Design of a portable groundnut sheller machine. Int J Mech Eng Inf Technol. 2015;3(4):1125-1129.
39. Mohammed A, Hassan AB. Design and evaluation of a motorized and manually operated groundnut shelling machine. Int J Emerg Trends

Eng Dev. 2012;4(2):673-682.
40. Raghtate AS, Handa CC. Design and fabrication of groundnut sheller machine. Int J Innov Res Sci Technol. 2014;1(7):38-45.
41. Ugwuoke IC, Okegbile OJ, Ikechukwu IB. Design and fabrication of groundnut shelling and separating machine. Int J Eng Sci Invent.

2014;3(4):60-66.
42. Kabir AA, Fedele OK. A review of shelling, threshing, dehulling and decorticating machines. J Agric Res. 2018;3(1):000148. http://doi.org/

10.23880/OAJAR-16000148
43. Juvinall RC, Marshek KM. Fundamentals of Machine Component Design. New York, NY: John Wiley & Sons; 2012.
44. Ugural AC. Mechanical Design of Machine Components. Boca Raton, FL: CRC Press; 2015.
45. Ojolo SJ, Orisaleye JI, Adelaja AO, Kilanko O. Design and development of waste sorting machine. J Emerg Trends Eng Appl Sci.

2011;2(4):576-580.
46. Bird JO, Ross CTF. Mechanical Engineering Principles. 2nd ed. London, UK: Routledge; 2012. http://doi.org/10.4324/9780203121146
47. Singh S. Mechanical Engineer's Handbook. 2nd ed. Delhi: Khanna Publishers; 2008.
48. Ndukwu MC, Asoegwu SN. Functional performance of a vertical-shaft centrifugal palm nut cracker. Res Agric Eng. 2010;56(2):77-83.
49. Subramanian R, Shamanthaka MC, Venkateshmurthy K. Impact dehulling of sunflower seeds: effect of operating conditions and seed

characteristics. J Food Eng. 1990;12(2):83-94. http://doi.org/10.1016/0260-8774(90)90021-Y
50. Romuli S, Karaj S, Müller J. Influence of physical properties of Jatropha curcas L. seeds on shelling performance using a modified disc

mill. Ind Crops Prod. 2015;77:1053-1062. http://doi.org/10.1016/j.indcrop.2015.10.014
51. Jain RK, Kumar S. Development of a cashew nut sheller. J Food Eng. 1997;32(3):399-345.
52. Balami AA, Adgidzi D, Kenneth CA, Lamuwa G. Performance evaluation of a dehusking and shelling machine for castor fruits and seeds.

IOSR J Eng. 2012;2(10):44-48.
53. Kumar CS, Pradhan RC, Mishra S. Fabrication, performance evaluation and optimization of Sal (shorea robusta) seed decorticator. J Food

Process Eng. 2016;40(3):e12468.
54. Sharma V, Pradhan RC, Naik SN, Bhatnagar N, Singh S. Evaluation of a centrifugal impaction-type decorticator for shelling tung fruits.

Ind Crops Prod. 2013;43:126-131.
55. Pradhan RC, Naik SN, Bhatnagar N, Vijay VK. Design, development and testing of hand-operated decorticator for jatropha fruit. Appl

Energy. 2010;87(3):762-768.
56. Ogunsina BS, Bamgboye AI. Pre-shelling parameters and conditions that influence the whole kernel out-turn of steam-boiled cashew

nuts. J Saudi Soc Agric Sci. 2014;13(1):29-34.
57. Gupta RK, Das SK. Performance of centrifugal dehulling system for sunflower seeds. J Food Eng. 1999;42(4):191-198. https://doi.org/10.

1016/S0260-8774(99)00119-3
58. Ranjeet S, Sukhdev M. Development and evaluation of centrifugal sheller for muskmelon seed. Int Res J Biol Sci. 2013;2(3):7-10.

How to cite this article: Ojolo SJ, Orisaleye JI, Ogundare AA, Kadiri D. Development of a Delonix regia
decorticating machine. Engineering Reports. 2019;e12058. https://doi.org/10.1002/eng2.12058

http://doi.org/10.1016/j.jfoodeng.2004.01.004
http://doi.org/10.1016/j.jfoodeng.2004.01.004
http://doi.org/10.1016/S0260-8774(99)00116-8
http://doi.org/10.4314/afrrev.v2i4.41079
http://doi.org/10.4314/afrrev.v2i4.41079
http://doi.org/10.15623/ijret.2015.0407012
http://doi.org/10.25103/jestr.021.03
http://doi.org/10.4172/2157-7110.1000463
http://doi.org/10.23880/OAJAR-16000148
http://doi.org/10.23880/OAJAR-16000148
http://doi.org/10.4324/9780203121146
http://doi.org/10.1016/0260-8774(90)90021-Y
http://doi.org/10.1016/j.indcrop.2015.10.014
https://doi.org/10.1016/S0260-8774(99)00119-3
https://doi.org/10.1016/S0260-8774(99)00119-3
https://doi.org/10.1002/eng2.12058

	Development of a Delonix regiadecorticating machine
	Abstract
	INTRODUCTION
	PRELIMINARY EXPERIMENTS
	DESIGN ANALYSIS
	Description and operating principle of machine
	Design analysis
	The crushing unit
	Blower
	Design of shaft for beaters
	Power rating of electric motor

	Performance evaluation ofxmltex	?> the machine

	RESULTS AND DISCUSSION
	CONCLUSION
	REFERENCES



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Euroscale Coated v2)
  /PDFXOutputConditionIdentifier (FOGRA1)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <>
    /CHT <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /JPN <>
    /KOR <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG (Modified PDFX1a settings for Blackwell publications)
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


