
DESIGN AND PRODUCTION OF PALM NUT AND FIBRE 1 

SEPARATING MACHINE. 2 

 3 

ABSTRACT 4 

Palm nut and fibre separating machine has been designed, constructed and 5 

tested. The basic features of the separator are feeding chute, pulverizing unit, 6 

separating unit, discharge outlets for nut and fibre, and the prime mover. The 7 

power required for operation of the machine is 2.86kW. The machine was tested 8 

with two different levels of moisture content termed (dry and wet) for three 9 

different runs and the average gotten and tabulated. The test results showed that 10 

the machine gave its best work performance with dry mixture at the throughput 11 

capacity, separating efficiency and quality performance efficiency of 12 

0.155kg/sec, 89.7% and 82.3% respectively. However, the throughput capacity, 13 

separating efficiency and quality performance efficiency with the wet mixture 14 

gave 0.144kg/sec, 79.3% and 80.1% respectively.  15 

Keywords; Separator, machine, palm nut, motor, auger, equipment. 16 

 17 

1.0 INTRODUCTION 18 

Traditional palm kernels extraction process involves sun drying of nuts for days 19 

and cracking of the nuts using stones or any other hard objects. This is followed 20 

by separation of the kernels from their shells by hand picking and drying of the 21 

extracted kernels under the sun for about two to four days before storage or sale 22 

(Oke, 2007). The production of palm oil in West Africa and most especially 23 

Nigeria, has proven difficult over the years due to the use of crude implements. 24 

This difficulty has made it paramount that existing palm oil production be 25 

modified  26 

 27 

The design of more efficient equipment will create favourable conditions for the 28 

processing of palm fronts. These conditions will attract the peasant farmers who 29 

produce the oil manually as well as investors to have a keen interest in investing 30 

in palm oil production.  31 
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In as much as Palm oil production has been a target for small and large scale 32 

investors, we are still running a deficit in its production due to poor equipment. 33 

This makes it imperative that existing palm-nut fibre separator machine must be 34 

improved. Hence, this research aimed at designing and constructing an efficient 35 

palm nut fibre separator using locally sourced materials that will be affordable 36 

for low and medium scale investors in the rural areas.   37 

2.1 Design Considerations 38 

For an efficient design the following factors were considered:   39 

i. Physical factors such as size, shape, surface texture and moisture content.  40 

ii. Mechanical factors such as rigidity, deflection, wear; corrosion, vibration 41 

and stability were considered for appropriate material selection. 42 

iii. Provision of different chutes for the discharge of nuts and fibres so as to 43 

have complete separation. 44 

iv. The fibrous oil rich digested pulp can pass through narrow slits 45 

(dimension<3mm) but palm nuts cannot, and also that the cake from the 46 

digestion process is fairly compacted which must be thoroughly slacked 47 

before effective separation of the pulp and nuts will be possible.   48 

v. The hopper arrangement to prevent the splash off of nuts, oil and fibre 49 

during cake break down.   50 

 51 

2.2 Machine Description 52 

The machine (palm nut and fibre separator) consists of six basic units; the 53 

frame, the feeding unit, pulverizing unit, the separating unit, the discharge 54 

outlets and the prime mover. The frame is made with 2" angular bar with 3mm 55 

thickness. The frame measures 380mm x 980mm x 1200mm with v-shaped leg 56 

extending the width to 600mm for rigidity. The clogged mixture of palm nuts 57 

and fibre obtained from the palm fruit expeller are fed through the hopper into 58 

the machine (Ologunagba et al, 2010). The hopper is made from 16-gauge mild 59 

steel sheet formed into a square shape with a top opening of 600mm x 360mm, 60 
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a bottom opening of 280mm x 360mm and a height of 100mm with a top cover 61 

directly on top of the bottom opening to avoid flash off of nut and fibres as it 62 

approaches the beater inside the pulverizing unit. The pulverizing unit is where 63 

the clogged mixture is been broken into smaller particle sizes to release the 64 

entangled nuts within the fibre. The unit consists of a shaft, 1300mm length 65 

made up of 25mm mild steel rod and a 75mm diameter pipe. Attached to the 66 

shaft are beaters made of 12mm diameter mild steel rods which are arranged 67 

alternately at spacing of 100mm from one another so as to produce the 68 

necessary effect of breaking the clogged mixture, thereby detaching the nuts 69 

from the fibre. Underneath the pulverizing unit is the separating unit which can 70 

also be referred to as the nibbling unit. It is where the actual separation of the 71 

palm nuts and fibre takes place. The unit also consists of a shaft, 1300mm 72 

length made up of 25mm mild steel rod and 75mm diameter pipe, but with flat 73 

bars of 2mm thickness and 900mm length attached parallel to the shaft at 40mm 74 

spacing. The shaft is strategically positioned to give an adjustable fibre 75 

discharge opening (also referred to as fibre discharge outlet). The fibre is 76 

discharged through the opening while the palm nuts are conveyed to the other 77 

end of the machine to be discharged at the nut discharge outlet. The machine is 78 

powered by a 3.33KW (4hp) electric motor with the aid of belt and pulley 79 

arrangement which has 175mm diameter driven pulley and 75mm diameter 80 

driver pulley. 81 

 82 

3.1 Design Analysis 83 

3.1.1 Volume Capacity 84 

The effective volume, ����  of this separator that can be occupied by the 85 

digested palm fruit mash depends on the part of its trough that constitutes upper 86 

chamber where the mash from the hopper is slacked before feeding to 87 

separating unit at the lower chamber. Therefore ����  is given by the volume (V) 88 

of the separator that can be occupied by the digested palm fruit mash and 50% 89 
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of V head space (Nwankwojioke etal, 2012). The volume of the digested palm 90 

fruit mashwas calculated using equation 1. 91 

 � = � � �        (1) 92 

Where: � is maximum weight the machine was designed to carry at every point 93 

in time which is designed to be 98.1N, � is the bulk density of digested palm 94 

fruit cake, given by (Muthurajah, 2002) as 1060 kg/m
3
, � is acceleration due to 95 

gravity and V is the volume occupied by the digested palm fruit. Hence the 96 

effective volume of the machine was determined as 0.045m
3
 using equation (2); 97 

 ����  = � + 0.5�      (2) 98 

 99 

3.1.2 Selection of Pulleys  100 

The machine requires four pulleys for its drives, one mounted on the electric 101 

motor shaft, one each at both ends of the auger shaft and the remaining one 102 

mounted at left end of the cake breaker shaft. Due to its availability, cost and 103 

performance; cast iron pulleys were selected. The intended ratio of the speed of 104 

the driven pulley to that of the driver is 2:3. Therefore, equation (3) was used to 105 

determine the diameter and speed of the pulleys. 106 

 

�

�

 =  ��
��

 =  �
�       (3) 107 

Where n2 and n1 are the speed of the driven and driver pulleys respectively and 108 

D1 and D2 are the diameters of the driver and driven pulleys respectively. Hence 109 

we design the machine to run at the speed of 1000rpm for effective 110 

pulverization and separation. If small driver pulley is used assume 100mm 111 

diameter, therefore, n1= 1500rpm, n2= 1000 rpm, D1 = 100mm and D2 = D3 = D4 112 

= 150mm. 113 

 114 

3.1.3  Design for Belt 115 

Equation (4) was used to determine the length of belt as given by (Khurmi and 116 

Gupta, 2005) as; 117 
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 � = 2� + 1.57��� + ��� + ���� ����
��     (4) 118 

Where L is the length of the belt, D1 and D2 are the diameters of the driver and 119 

driven pulleys, and C is the centre to centre distance of the two pulleys, and is 120 

given by equation (5) (Sharma and Aggarwal, 2006); 121 

 � =  ���  ���
� + ��        (5) 122 

The centre distances, C between the adjacent pulleys were determined using 123 

equation (5) as 225mm and 300mm for the motor/auger and auger/cake breaker 124 

drives respectively. Substituting D1, D2, and C into equation (4), gives the 125 

length of the V-belts required as 845mm and 450mm for the motor/auger and 126 

auger/cake breaker drives respectively. Since each of the drives transmits less 127 

than 3.5kW, V-belt of type “A” is required for both drives (Khurmi and Gupta, 128 

2005; Sharma and Aggarwal, 2006).  129 

3.1.4 Shaft Design 130 

Equation (6) gives the maximum stress relations for determining the diameters, 131 

d of the auger shaft and cake breaker shaft given as;  132 

 ! =  "�#
$% &�'()(�� + �'*)*��+

� �,
     (6) 133 

Where:  τ is the allowable stress for steel shaft with provision for key ways, and 134 

is given as 42N/mm
2
. Mt is the maximum twisting moment on the shafts (N-135 

mm). Mb is the maximum bending moment on the shafts (N-mm). kb is the 136 

combined shock and fatigue factor for bending. And kt is the combined shock 137 

and fatigue factor for twisting. Note that Bending and twisting moments occur 138 

on shafts as a result of applied loads and belt tensions. The maximum twisting 139 

moment on each of the shafts was determined using the relationship given by 140 

Khurmi and Gupta (2005), as;          141 
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 )* = �-. − -0� ��
�         (7) 142 

Where Ti for the motor/auger and auger/cake breaker drives was determined 143 

using equation (8), given by Khurmi and Gupta (2005), as; 144 

 -. =  -123 − -4        (8) 145 

Where Tc and Tmax are the centrifugal and maximum tension of the belts, and is 146 

given as; 147 

 -123 =  56         (9) 148 

And 149 

 -4 = 78�         (10) 150 

 The coefficient of friction, µ between the pulleys and the belts, mass per unit 151 

length m, maximum safe stress σ, and cross sectional area a, of the belts were 152 

obtained from standard tables as 0.3, 0.108kg/m, 2.1N/mm
2
 and 153 

81mm
2
respectively (IS: 2494-1974-Khurmi and Gupta, 2005; Sharma and 154 

Aggarwal, 2006). Then the belt speeds,v for the motor/auger and auger/cake 155 

breaker drives were computed as 7.84m/s and 5.82m/s respectively from the 156 

relation; 157 

 8 =  
�$��
#9          (11) 158 

Therefore, substituting the values of equations (9, 10 and 11) into equation (8) 159 

gives the tension on the tight side for the motor/auger and auger/cake breaker 160 

drives as 163.79N and 168.52N respectively.  161 

Consequently, the tension on slack side of each belt, Tj was determined using 162 

equation (12) as stated below; 163 

 2.3;<� =>
=?

=  @A�<BC�D       (12) 164 
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The groove angle (2β) of each of the pulleys is 38165 

angles of lap θ were determined as 2.74rad and 3.14rad166 

the auger/cake breaker drives using e167 

2005) as;   168 

 A = 180 − 2 "BFG����
169 

Therefore substituting the values of equation (170 

13.08N and 9.29N as the tension on the slack side171 

auger/cake breaker drives respectively.  172 

and D2 from equations (8, 12 and 173 

maximum twisting moments on the174 

for the cake breaker and auger175 

For the bending moment on the cake breaker shaft, consider the line diagram of176 

the shaft as shown in figure 1;177 

178 

Figure 1: The cake breaker shaft showing forces acting on it.179 

 Where: Wc is the weight of the cake breaker = 29.43N       180 

Wcp is the weight of the auger/cake breaker shafts driven pulley = 16.73N.      181 

T1 is the auger/cake breaker drive belts tight 182 

T2 is the auger/cake breaker drive 183 

 

of each of the pulleys is 38
0
 (thus, β = 19

0
)

 were determined as 2.74rad and 3.14rad for the motor/auger a

uger/cake breaker drives using equation (13) given by (Khurmi and Gupta, 

�� ��
�� �+      

tuting the values of equation (13) into equation (

as the tension on the slack side for the motor/auger and 

auger/cake breaker drives respectively.  Hence substituting the values of T

from equations (8, 12 and 3) respectively into equation (7

maximum twisting moments on the shafts as 7462.50N-mm and 145

auger respectively. 

For the bending moment on the cake breaker shaft, consider the line diagram of

the shaft as shown in figure 1; 

 

: The cake breaker shaft showing forces acting on it. 

the weight of the cake breaker = 29.43N        

is the weight of the auger/cake breaker shafts driven pulley = 16.73N.      

is the auger/cake breaker drive belts tight side tension    = 168.52

is the auger/cake breaker drive belts slack side tension = 9.29N.        

), while the 

for the motor/auger and 

given by (Khurmi and Gupta, 

(13) 

quation (12) gives 

for the motor/auger and 

Hence substituting the values of Ti, Tj, 

7) gives the 

mm and 145031N-mm 

For the bending moment on the cake breaker shaft, consider the line diagram of 

 

 

is the weight of the auger/cake breaker shafts driven pulley = 16.73N.      

side tension    = 168.52N.       

belts slack side tension = 9.29N.         
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Therefore the reactions, RA and Rc were determined by taking moment about A 184 

(chukwulozie et al, 2015);   185 

 ∑ )I = 0 186 

 :. J��1300� = 194.4�1420� + 415�650� 187 

 :.J� = 414.47N 188 

Also ∑ OP = 0 189 

 :.414.47 + 194.4 = 415 + JI 190 

 :.JI = 174.6N 191 

Thus, the bending moments on this shaft were computed as follows; B.M. at A 192 

and D = 0N-mm  193 

B.M. at B = 120755.25N-mm; B.M. at C = 25535.60N-mm  194 

Thus, the maximum bending moment on the cake breaker shaft is 120755.25N-195 

mm and since the feeding of the fairly compacted digested palm fruit cake from 196 

hopper into the upper chamber of the machine is partially sudden, then Kb and 197 

Kt = 1.5.  The maximum twisting moments on this shaft was also computed 198 

from equation (7) as 7462.50N-mm. Thus, the shaft diameter was calculated as 199 

43.31mm using equation (6). Hence, a standard 45mm diameter solid shaft was 200 

selected for the operation of the cake breaking unit.Consequently, for the 201 

bending moment on the auger shaft, consider the line diagram of the shaft as 202 

shown in figure 2. 203 
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204 

Figure 2: The auger shaft showing forces acting on it.205 

Where: Wa is the auger weight = 206 

Wap is the weight of the motor/auger shafts driven pulley = 17.13N 207 

Wcpis the weight of the auger/cake breaker shafts 208 

T3 is the auger/cake breaker belts tight side tension = 209 

 T4 is the auger/cake breaker belts slack210 

The reactions of the bearings, R211 

about B;  212 

 ∑ )Q = 0 213 

 :.170.8�1420� +214 

 :.J� = 5.05N 215 

Also ∑ OP = 0 216 

 :.405 + 194 = 170217 

 :. JQ = 450.40N 218 

 219 

Thus, the resultant bending moments on this shaft are as follows;220 

B.M. at A and E = 0N-mm  221 

shaft showing forces acting on it. 

is the auger weight = 40N   

weight of the motor/auger shafts driven pulley = 17.13N  

the auger/cake breaker shafts driving pulley = 16.73N.

is the auger/cake breaker belts tight side tension = 163.79N 

e auger/cake breaker belts slack side tension = 13.08N.         

The reactions of the bearings, RB and RD were determined by taking moment 

� J��1300� + 160�120� = 405�650� 

170.8 + 5.05 + JQ 

Thus, the resultant bending moments on this shaft are as follows; 

 

 

ulley = 16.73N. 

 

were determined by taking moment 

 

UNDER PEER REVIEW



B.M. at B = 29000N-mm  222 

B.M. at C = 135189.05N-mm  223 

B.M. at D = 22500.20 N-mm   224 

Therefore, the maximum bending moment on the auger shaft is 135189.05N-225 

mm. The maximum twisting moment on this shaft was also determined from 226 

equation (7)as 145031N-mm. Since the feeding of the slacked digested palm 227 

fruit cake fro into the auger separator is gradual and steady, Kb = 1.5, andKt = 228 

1.0 (Khurmi and Gupta, 2005) and also the shaft diameter determined using 229 

equation (6) is 44.15mm. Consequently, a standard 45mm diameter solid shaft 230 

was selected as auger shaft. 231 

3.1.5 Design for Prime Mover 232 

The power required for the operation of this machine is the total sum of the 233 

power required to drive its units and the power required to overcome the drives 234 

friction. The power, P required in the cake breaking and separating units were 235 

determined as 1.05kW and 1.55kW respectively using equation (14); 236 

 R = �-.  _ -0�8        (14) 237 

Taking care of 10% possible power loss due to friction, the total power required 238 

to drive the developed palm nut-pulp separating machine was computed as 239 

2.86kW (3.80HP). Therefore a 4HP electric motor was selected for the 240 

operation of this machine.  241 
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 242 

Fig. 3: Picture of the constructed machine 243 

 244 

4.0 Result and Analysis 245 

4.1 Test Procedure 246 

The machine was set up and operated with no load for five minutes to ensure 247 

that the various components were functioning properly. The separator was 248 

evaluated at two levels of moisture content (dry and wet) and the separating 249 

efficiency, quality performance efficiency and throughput capacity were 250 

evaluated at each level. In each of the test, 10kg sample was randomly fed 251 

through the hopper into the machine and the time taken for the nut fibre mixture 252 

to be completely separated was taken using the stop watch. After each 253 

operation, the separated and unseparated nuts and fibre from the two outlets 254 

were carefully sorted out and weighed, and the machine performances such as 255 

throughput capacity, separation efficiency, and quality performance efficiency 256 

were computed using equations (15, 16, and 17) respectively.  257 

Throughput capacity (Ct) was expressed as   258 

 �* = �TU  TV�
*         (15) 259 
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Where Wnis the weight of nuts collected after separation (kg),  260 

Wfis the weight of fibre collected after separation (kg)  261 

The average separation time (sec).   262 

Separation Efficiency (Es) as; 263 

WX =  �TU  TV�
TY

 Z 100       (16)  264 

Where Wmis the weight of nut/fibre mixture sample fed into the machine (kg) 265 

Quality Performance Efficiency (EQ)as; 266 

W[ =  \ TUU
�TUU  TUV�] Z \ TVV

�TVV  TVU�]     (17)   267 

Where Wnn is the weight of separated nuts at the nut discharge outlet (kg), Wnf 268 

is the weight of nuts at the fibre discharge outlet (kg), Wff is the weight of 269 

separated fibre at fibre discharge outlet (kg) and Wfn is the weight of fibre at nut 270 

discharge outlet (kg).This procedure was replicated three times for each level 271 

and the average taken and result is presented in tables 1 and 2. 272 

 273 

S/N Wn 

(kg) 

Wf 

(kg) 

Wnn 

(kg) 

Wfn 

(kg) 

Wff 

(kg) 

Wnf 

(kg) 

t 

(sec) 

Ct 

(kg/sec) 

Es 

(%) 

EQ 

(%) 

1 3.6 5.4 3.1 0.5 5.1 0.3 58 0.155 90 83.1 

2 3.7 5.2 3.3 0.4 4.7 0.5 60 0.148 89 80 

3 3.5 5.5 3.2 0.3 5.1 0.4 55 0.163 90 83.9 

average 3.6 5.3 3.2 0.4 5.0 0.4 58 0.155 89.7 82.3 

 274 

Table 1: The Test Result of the Developed Machine Using Dry Digested Palm Fruit  
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 275 

S/N Wn 

(kg) 

Wf 

(kg) 

Wnn 

(kg) 

Wfn 

(kg) 

Wff 

(kg) 

Wnf 

(kg) 

t 

(sec) 

Ct 

(kg/sec) 

Es 

(%) 

EQ 

(%) 

1 3.5 4.5 3.0 0.5 4.2 0.3 55 0.145 80 81.3 

2 3.4 4.6 3.0 0.4 4.1 0.5 52 0.153 80 78.1 

3 3.4 4.4 2.9 0.5 4.1 0.3 53 0.134 78 80.7 

average 3.4 4.5 3.0 0.5 4.1 0.4 53 0.144 79.3 80.1 

 276 

4.2 Throughput Capacity 277 

The throughput capacity is the rate at which the developed machine completely 278 

discharge the sample fed into it. This was calculated using equation (15), for 279 

each of the runs and the average values were obtained as 0.155kg/sec and 0.144 280 

kg/sec for dry and wet sample respectively. The difference in the values of 281 

throughput capacity for dry and wet sample was because the wet sample is 282 

sticky and some quantity of the fed sample sticks to the shafts and inner walls of 283 

both breaking and separating chambers. It was also seen that the time for 284 

complete separation reduced for wet sample. 285 

4.3 Separation Efficiency 286 

The separation efficiency of the machine is the ratio of the total weight of the 287 

separated sample to the weight of the sample fed into the machine. This was 288 

calculated using equation (16) for the three runs and the average values obtained 289 

as 89.7% and 79.3% for the dry and wet sample respectively. This shows that 290 

the machine is quit efficient for both small and medium palm oil production. 291 

Table 2: The Test Result of the Developed Machine Using Wet Digested Palm Fruit  
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Also the difference in the values for both dry and wet sample is still attributed 292 

to the sticky nature of the wet sample. 293 

4.4 Quality Performance Efficiency 294 

The quality performance efficiency is the product of the ratio of the weight of 295 

the nut discharged at the nut discharge unit after sorting to the total weight of 296 

the nut discharged at both nut and fibre discharge unit after sorting, and the ratio 297 

of the weight of the fibre at the fibre discharge unit after sorting to the total 298 

weight of fibre discharged at both unit after sorting. Simply put, it is the product 299 

of the separating efficiency for nut and separating efficiency for fibre.  This was 300 

computed using equation (17) above for the three runs and the average obtained 301 

as 82.3% and 80.1% for dry and wet sample respectively. The reduction in the 302 

values was because, the wet sample test, greater percentage of the fibre went 303 

with the nuts to be discharge at the nut discharge outlet, as some of the fibres 304 

were trapped in the fibre discharge opening thus causing a partial blockage of 305 

the opening. This was caused by the sticky nature of the wet sample. 306 

Conclusion 307 

In this work, a palm nut and fibre separating machine was designed and 308 

developed through detailed design considerations and proper material selection 309 

to ensure smooth operation.  The performance of the separator was quite 310 

appreciable in many of the test cases. However, the performance of the machine 311 

is directly proportional to the dryness of the mix. Optimally, the machine gave a 312 

throughput capacity of 0.155kg/sec, separating efficiency of 89.73% and quality 313 

performance efficiency of 82.3%. However the throughput capacity, separating 314 

efficiency and quality performance efficiency for wet mixture gave 0.144kg/sec, 315 

79.3% and 80.1% respectively. With this performance, the machine will 316 

culminate the associated problems and difficulties in the traditional method of 317 

separation. Hence the Separation of digested palm fruit mash into palm nut and 318 
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pulp before pressing of the pulp is mechanized, thereby improving the quantity 319 

of palm oil produced, by eliminating drudgery, nut breakage, and excessive loss 320 

of palm oil to pressed fibre, nut-fibre separation and second pressing operations.  321 
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