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ABSTRACT  

Soil compaction is one of the most critical components in the construction of roads, airfields, embankments and foundations. For 

a developing country like Nigeria, the equipment needed to compact soil for the above-mentioned purposes especially in the rural 

areas needs to be readily available. However, this is usually not the case as most of the available equipment like Roller 

compactors are imported. A cheaper and faster way to make them available is by reproducing the existing ones through „Reverse 

Engineering‟. Reverse Engineering (RE) can be defined as the process of discovering the technological principles of a device, 

object or system through analysis of its structure, function and operation usually for the purpose of reproducing it or for a more 

competitive procurement. In this project, the Reverse Engineering design (mechanical) of a parallel shaft gearbox for use in a 

hand roller compactor was carried-out. Its entire functionality was outlined and the engine capacity to be coupled to the gear box 

in order to provide the required energy for an acceptable soil compaction was determined. The energy required according to 

Standard Compaction Test AS 1289 – E1.1 ranges from 595 KJ/m
3
 to 2072 KJ/m

3
 according to the Modified Compaction Test AS 

1289 – E2.1. Therefore, the energy required for various levels of compaction, ranges between these two values. Four different soil 

types were considered and the energy required for different „Compacted lift thicknesses‟ using the parameters of the hand roller 

compactor were found to fall within the above values (595 – 2072 KJ/m
3
), thus, justifying the viability of this design procedure. 

 

Key Words: Base pitch, Circular pitch, Pitch circle diameter, Compacted lift thickness, Specific energy. 

_______________________________________________________________________________________________ 

1. INTRODUCTION  

Reverse Engineering (RE) used to be a nefarious term. It formerly meant copying a product or the outright stealing of ideas from 

competitors. In current usage however, reverse engineering (RE) has taken on a more positive character and now simply refers to 

the process of creating a descriptive data set from a physical object [1]. Over the years, the meaning of reverse engineering has 

evolved based on the different techniques and tools used, and also the intent of carrying it out. Below are some of its definitions. 

 

Reverse engineering is taking apart an object to see how it works in order to duplicate or enhance the object [2]. It is the process 

of duplicating an item functionally and dimensionally by physically examining and measuring existing parts to develop the 

technical data (physical and material characteristics) required for competitive procurement [3]. Reverse engineering (RE) can be 

defined as the process of obtaining a geometric Computer-Aided Design (CAD) model from three-dimensional (3-D) points 

acquired by scanning/digitizing existing parts/products; which is a concept of producing a part based on an original or physical 

model without the use of an engineering drawing [4]. Reverse Engineering is the process of retrieving new geometry from a 

manufactured part by digitizing and modifying an existing CAD model [5]. Reverse Engineering was later referred to as 

‗Computer-Aided Reverse Engineering (CARE)‘, and can be seen as a more advanced technique for data capturing of the original 

part. Earlier advanced techniques had involved the use of a Coordinate Measuring Machine (CMM). From these various views, 

reverse engineering can be generally defined as ‗the process of taking a finished product and reconstructing design data in a 

format from which new parts or molds can be produced.‘ [6]. Purposes for carrying out Reverse Engineering may be that the 

original manufacturer of a product no longer produces the product, e.g., the original product has become obsolete, or that the 

original product design documentation has been lost or never existed. Also, RE maybe carried-out for the purpose of exploring 
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new avenues to improve product performance and features, amongst others [7], [8], [9], [10], [11], [12], [13]. The aim of this 

study is to carry-out the Reverse Engineering design of a damaged/malfunctional gearbox for a hand roller compactor, for the 

purpose of determining the operational principle and the power of the engine to be coupled with a similar type that will be 

produced as a proposed replacement.  Also, it should be note that, ‗Soil Compaction‘ is basically a three-stage process of 

mechanically densifying a soil—which essentially comprises of three consecutive stages i.e. Compression stage [during which 

large-sized air-filled pore spaces are crushed to become small-sized water-filled pores], Compaction stage [during which soil 

aggregates are destroyed & aeration pores are collapsed], and Consolidation stage [during which there is an increase in number & 

strength of internal bonds]. 

Nomenclature 

   or M = Base pitch of gear, mm 

m = Module of gear, mm 

   = Calculated circular pitch of gear, mm 

    = Rough measurement of circular pitch, mm 

  = Chosen pressure angle; 20
o
, 25

o 
or 14.5

o
 

   = First calculated value of pressure angle 

  = Pitch circle diameter, mm 

t = Tooth thickness, mm 

z = Number of teeth on gears 

ns = Number of teeth of sprocket outside gearbox 

nR = Number of teeth of sprocket attached to Roller 

  = Linear translational speed of Roller, m/s 

   = Angular speed of Roller, rad/s 

   = Angular speed of gears, rad/s 

   = Angular speed of sprocket outside gearbox, rad/s 

  = Radius of Roller 

  = Gearbox ratio 

  = Transmitted torque by clutch, Nm 

F = Operating force of clutch, N 

𝑓 = Coefficient of friction between clutch material and gear 

α = Conical angle of clutch 

  = Larger conical clutch diameter, mm 

  = Smaller conical clutch diameter, mm 

   = Maximum pressure on clutch, N/m
2
 

P = Power of engine, Watts 

ωe = Angular speed of engine, rad/s 

E = Specific energy required for compaction, KJ/m
3
 

R = Rate of production during compaction operations, m
3
/s 

W = Compacted width per pass, m 

S = Compactor average speed, m/s 

L = Compacted lift thickness, m 

Ɛ = Efficiency factor during operations 

N = Number of required passes 

    = Useful power for compaction, J/s 

 

2. MATERIALS AND METHOD  

Figure 1 shows the flow chart of the processes involved in the reverse engineering of a malfunctional/damaged gearbox used for 

this work, which can be adopted for similar designs such as torque transmitting systems. Enumerated below are the steps taken for 

the reverse engineering design. 
 

a) Preliminary operations 

 Acquisition and Dissembling of the malfunctional/damaged Gearbox 

b) Three-dimensional (3-D) Modelling of the proposed Gearbox  

 Measurement/determination of dimensions of the malfunctional/damaged gearbox  

 Creating 3-D models (Drawing) of the individual components of the proposed Gearbox using a CAD software 

such as AutoCAD 

 Virtual assembly of components and Analytical determination of working/operational mechanism of Gearbox. 

c) Determination of the Speed, Torque and Power of the Engine for the proposed Gearbox 
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 Calculation of Speed of the Engine 

 Performance of Force-Stress Analysis from its geometry to determine the Torque 

 Calculation of Power of Engine 

d) Determination of Gearbox Ratio 

 Calculation of Gearbox Ratio 

2.1 Acquisition and Dissembling of a Malfunctional/damaged Gearbox 

A malfunctional/damaged gear box for a roller compactor was acquired from the local market for the purpose of reverse 

engineering. After which, work shop tools such as hammers, screw drivers, punches etc., were used to dissemble the gearbox into 

its individual components. 

 

   

 

                                                        

 

 

      

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1:  Flow chart showing procedures for the Reverse Engineering design & fabrication of the proposed Gearbox for a 

 Hand-guided Vibratory Roller Soil-Compactor.  

(Source: Authors) 
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Table 1: Gear Designation, Name, Number of teeth and Primary function 

Gear 
Designation 

Gear 
Name 

Number of 
teeth 
‘Z’ 

Primary function 

G1 Forward input gear 15 Inputs power into the gear box 

G2 Reverse gear 18 Reverses the direction of the input 

G3 Forward reduction gear 72 
Reduces the speed of rotation in the forward 

direction 

G4 Revers reduction gear 72 
Reduces the speed of rotation in the reverse 

direction 

G5 
Input system transmission 

gear 
21 

Transmits motion from the forward and 
reverses reduction gears to the idler gear 

system 

G6 Reduction idler gear 64 Further reduces speed of rotation 

G7 Transmission idler gear 18 
Transmits motion to the higher speed output 

gear 

G8 Transmission idler gear 14 
Transmit motion to the lower speed output 

gear 

G9 Higher speed output gear 41 
Transmits motion to the sprocket outside the 

gear box at the higher output speed 

G10 Lower speed output gear 45 
Transmits motion to the sprocket outside the 

gear box at the lower output speed 

           Source: Authors 

2.2 Measurement/determination of Dimensions of the Malfunctional/damaged Gearbox 

Traditional workshop tools such as Vernier caliper and measuring tape were used to take measurements of individual components 

of the dissembled damaged gearbox. The most important parameter that was measured was the ‗Base Pitch‘ of the gears, from 

which other parameters of the gears were calculated. But first, it is necessary to identify all the gears used in the gear box. Table 1 

shows the designated names given to the gears and their primary functions.  

 

The determination of the ‗Base Pitch (BP)‘ is the starting point and an important parameter of the gears in Reverse Engineering 

analysis. The Base Pitch (also known as the Normal or transverse Base Pitch for helical gears) is the distance on a normal base 

helix between corresponding involutes of adjacent teeth. Physically, this can be obtained by taking measurement over a suitable 

number of teeth. To achieve a better and a more accurate result, the following steps is adopted: 

 

  

  

a) First, we need to determine the number of teeth over which measurements will be taken. The exact number of teeth to 

measure over will be determined by each individual gear such that the caliper does not contact the outer diameter. It is 

desirable to measure over the smallest numbers of teeth that will give a good "feel‖ and this is done from the pitch line as 

shown in the diagram below: 

                                                       
                                                 Figure 2: Base pitch measurement over two teeth 

 Source: Authors 

 

b) Take the measurements, For example, using 2 teeth as the starting point, we then measure over 3 teeth. 

c) Subtract the 2- teeth reading from the 3- teeth reading. This is the base pitch. To be more accurate, we take three of these 

measurements over a different number of teeth and use the average as the base pitch. For example, we measure over 2 & 

3 teeth, 3 & 4 teeth and 4 & 5 teeth. 

d) Calculate the average of these three subtractions which will be the desired base pitch [14]. 
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The challenge of the measurements is mainly on the gears which are all simple spur gears. Only three measurements were taken 

on the gears; the outer diameter, the root diameter and the base pitch (which was the most important measurement that was taken). 

Although, some other measurements which can easily be taken may be necessary to aid faster 3D modelling. Other parameters of 

the gear can be calculated from these three measurements. The results for base pitch are shown in Table 2. 

 

Having obtained the Base pitch, we then proceeded to determine other parameters, some of which were calculated while others 

were measured directly. Figure 3 below shows these other parameters. Thus, while ‗Pitch circle diameter‘ and ‗Tooth thickness‘ 

were obtained by calculation; the ‗Outer diameter‘ [also called ‗Addendum circle diameter‘] and Face width were obtained by 

measurements. However, the ‗Root diameter‘ [also called ‗Dedendum circle diameter‘] can be obtained by calculation, if 

measurement is difficult. 

 

                     

Figure 3: Gear Nomenclature  

Source: [15] 

 

After which, we developed the formulae and/or mathematically combined proven scientific relations to obtain the Pitch circle 

diameter and the Tooth thickness, as is summarily explained below.  This is because, ‗Pitch circle diameter‘ and ‗Tooth 

thickness‘, together with some other required parameters [which will also be calculated], greatly affect/influence the conjugal 

action of the mating gears. 

 

Now, we begin by noting that, the ‗Pitch Circle‘ is a theoretical circle upon which gear calculations are usually based, whose 

diameter is the Pitch circle diameter which can be calculated from the relation: 

m = 
 

 
      - - - - - (1) [15] 

in (1), the only known parameter is ‗z‘, while the other two, ‗   ‘ and ‗   ‘ are unknown; thus, it is not ideal for (1) to be used at 

this point.  Consequently, another relation which can thus be used is: 

     πm  - - - - - (2) [15] 

Where    is called the ‗Circular pitch‘ which is the distance measured on the pitch circle, from a point on one tooth to a 

corresponding point on an adjacent tooth. Although, this is also not known, but it can be calculated from the relations below: 

              - - - - (3a) [15] 

               - - - - (3b) 
   is are the base pitch values which were determined and tabulated in Table 2. Also,   is called the ‗Pressure angle‘, which is the 

angle at a pitch point between the line of action (which is normal to the tooth surface) and the plane tangential to the pitch surface. 

Presently, Pressure angles of 20
o
 or 25

o 
are now adopted for Spur gear; however, 14.5

o
 was previously used. [15].  

 

In this work, a rough measurement of the circular pitch of the gears used was first taken and (3b) used to calculate an initial value 

of the pressure angle. Then, any of 20
o
, 25

o 
or 14.5

o
 was chosen (adopted) based on the closeness of calculated value to the three 

standard values i.e. of 20
0
, 25

0
 or 14.5

0
. After which, the chosen/adopted value of Pressure angle was then used for the calculation 

of the Circular pitch, by substituting it into equation 3a. The results of these measurements and calculations are shown in Table 3  
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Now combining (1), (2) and (3a) and solving for     yields: 

                                    =  
   

     
   - - - - - (4) 

 
The next parameter that was calculated was the Tooth thickness. This was determined from the relation: 

                                         t   = 
  

 
   - - - - - (5) [15] 

 
Now, gears G1, G2, G3 and G4 are all systematically inter-mating in their action and therefore theoretically, they must have the 

same Circular pitch. However, the calculations performed above show otherwise; (though they are approximately very close, i.e. 

within the neighborhood of 7 mm.) Therefore, it became necessary to take an average of all calculated values in order to obtain a 

better (more accurate) result. 

 
Thus: 

                             =  
                   

 
  = 7.2 mm 

  
Similarly, the average Tooth thickness will be given as: 

 

       
                   

 
  = 3.6 mm 

 
The same was done for gears G5, G6, G7 and G9; which also applied to G8 and G10; after which the results were tabulated as 

shown in Table 4 

 
2.3  Creating (Drawing) 3-D model of the individual components of the proposed Gearbox using a CAD 

software such as ‘AutoCAD’ 
The 3-D modelling of the gears and some other components/parts of the gearbox were done with AutoCAD software and are 

shown in Appendix 2 in their exploded views and sub-assemblies (Also shown are the clutches as individual components) 

 
2.4 Virtual assembly of components and Analytical determination of working principle of Gearbox. 
After the 3-D modelling of the individual components of the gearbox was completed, the assembly of the components was 

carried-out with the aid of the same AutoCAD software. This was immediately followed by the analytical determination of the 

working principle of the gearbox. This latter process, required direct physical examinations of the malfunctional/damaged gear 

box, and regular consultations of relevant literature previously published for better understanding. 

 

2.5 Calculation of Speed of the Engine 
Since one of the objectives of this study is to determine the power of the engine for the proposed gearbox, the Speed and Torque 

are of great importance, because the Power of the engine is a function of both its Speed and Torque. Thus, starting with the Linear 

Speed of the hand Roller Compactor, we established a mathematical relationship between it and the gears, as shown below.  

 
Now, the maximum speed of the Hand Roller compactor is proposed to be 1.25 km/hr. This will also be the speed at the center of 

the roller as it rolls along the ground, doing its work.  The Linear translational speed and Angular speed of the Hand Roller 

compactor are related by: 

                                              - - - - - (6) 
A sprocket is attached to the roller [of the Hand Roller compactor] which has the same Angular speed as the roller. This sprocket 

is connected to the sprocket mounted on the shaft outside the gearbox. Both sprockets are connected via a chain and are related by 

the equation;  

                            
  

  
   

  

  
   - - - - - (7) 

 
2.6 Performance of Force-Stress Analysis from Gearbox geometry to determine the Torque 
The next required parameter that was determined was the transmitted Torque—which was later multiplied by the Angular speed to 

give the Power of the Engine. This transmitted torque was obtained by considering the conical clutch since it articulates with the 

inner surface of gears G3 and G4 (one at a time) which transmits torque and motion in the gear box from the engine. Now, the 

torque from the conical clutch is a function of its geometry. Figure 4 below illustrates this. 
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Figure4: Contact area of Conical Clutch [15] 

 
When considering uniform wear of the conical clutch, the torque transmitted is given by; 

                        
  

     
(    )  - - - - (8) [15] 

and 

                          F   
    

 
(    )  - - - - (9) [15] 

 

2.7 Calculation of Power of Engine 
The Power of the engine was calculated as follows: 

P = T   ω   - - - - (10) 

 

2.8 Calculation of Gearbox Ratio 
The proposed gearbox has two forward output speeds and two reverse output speeds. The gearbox ratio was calculated based on 

the main output forward speed, as follows: 

 

                       
                 

                 
  =  

  

  
  - - (11) [20] 

 
 

3. RESULTS AND DISCUSSION 
3.1 Results of measured/calculated Gear parameters 
Reported and discussed below are the results and data (technical details) obtained through measurements, calculations and 

engineering analyses, as presented in Tables 2-4, illustrated in the Figures 6-8, Appendices 1-2, and the accompanying 

explanatory/analytical notes. 
 
 

Table 2: Base pitch of Gears in the Gearbox 

 
Gear 

Designation 

 
 

Mating 
with Gear 

Measurements over  
Numbers of teeth 

(mm) 

Subtractions from 
Numbers of teeth 

(mm) 

 
Average 
value of 

Base pitch       
(mm) 

2 3 4 5 3 – 2 4 – 3 5 – 4 

G1 G2 and G3 10.25 16.95 - - 6.70   6.70 

G2 G1 and G4 10.25 17.15 - - 6.90   6.90 

G3 G1 10.80 17.40 24.80 31.60 5.60 7.40 6.80 6.60 

G4 G2 10.80 17.40 24.80 31.60 5.60 7.40 6.80 6.60 

G5 G6 11.50 18.99 - - 7.49   7.49 

G6 G5 12.50 19.80 27.50 34.85 7.30 7.70 7.35 7.45 

G7 G9 15.80 26.40 - - 10.60   10.60 

G8 G10 15.80 26.40 - - 10.60   10.60 

G9 G7 17.20 27.60 37.85 - 10.40 10.25  10.33 

G10 G8 17.20 27.60 37.85 - 10.40 10.25  10.33 
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3.2 Working principle of the Gearbox 
Illustrated below in Figure 5 is the kinematic diagram of the gearbox, while Table 5 displays a summary of the main functions of 

the major sub-assemblies. 

             
Figure 5: Kinematic diagram of Gear Box showing the pitch circle diameter, number of teeth and the designation of the 

gears 

 
 
In the whole positioning of the gear box components—as could be seen in Figure 5, all the gears are mating accordingly. When 

the engine is turned on, gears G1, G2, G3 and G4 starts rotating accordingly while others are not yet rotating and so the roller 

compactor does not move. Gears G3 and G4 rotate independently and in opposite direction on bearings (A gap separates them 

from each other).  

 
Table 3: Pressure Angle and Circular pitch 

Gear 
Designation 

Base Pitch 

bP  

(mm) 
 

Measured 
Circular Pitch 

'

cP  

(mm) 

Calculated 
Pressure Angle 

'  

(degrees) 

Chosen 
Pressure Angle 

  

(degrees) 

 
Calculated  

Circular Pitch 

cP  

(mm) 
 

G1 6.70 7.13 20.00 20.00 7.13 

G2 6.90 7.13 14.59 14.50 7.34 

G3 6.60 7.38 26.58 25.00 7.02 

G4 6.60 7.38 26.58 25.00 7.02 

G5 7.49 7.97 19.98 20.00 7.02 

G6 7.45 7.93 20.04 20.00 7.93 

G7 10.60 11.28 19.99 20.00 11.28 

G8 10.60 11.28 19.99 20.00 11.28 

G9 10.33 11.39 24.91 25.00 11.40 

G10 10.33 11.39 24.91 25.00 11.40 
 

For the roller-compactor to move, the conical clutch has to engage either of gears G3 or G4. This is made possible by means of the 

systematic shaft assembly via a speed screw mechanism attached to the solid in the systematic shaft assembly and connected to 

levers on the roller compactor‘s handle via cables. As the lever is moved by the operator, the motion is transmitted to the speed 

screw mechanism through the cables which consequently causes it to turn by some revolutions, clockwise or anti-clockwise, 

pulling or pushing the solid shaft (which is freely inserted into the hollow shaft in the systematic shaft assembly) and loosely 

connected to the clutch by a key. The speed screw mechanism is indicated by a single screw in Figure 6 and provides the axial 

force that holds the shaft in position.  
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Table 4: Average values of Circular pitch, Tooth thickness and Pitch circle diameter of Gears in the 

Malfunctional/damaged Gearbox 

Gear 
Designation 

Mating Gear(s) 

Calculated Average 
Circular Pitch 

cP  

(mm) 

Tooth thickness 
T 

(mm) 

Pitch circle diameter 
d 

(mm) 

G1 G2 and G3 7.2 3.6 34.04 

G2 G1 and G4 7.2 3.6 56.10 

G3 G2 7.2 3.6 160.97 

G4 G2 7.2 3.6 160.97 

G5 G6 7.95 3.98 52.38 

G6 G5 7.95 3.98 161.51 

G7 G9 11.38 5.67 64.63 

G8 G10 11.38 5.67 50.27 

G9 G7 11.38 5.67 148.75 

G10 G8 11.38 5.67 163.26 

 
Now, as the conical clutch engages the gears G3 or G4, it rotates with either of them at a time, which is made possible by the firm 

grip of the clutch on the inner walls of the gears by friction. The conical clutch is lined with a composite material of high friction 

coefficient with respect to the gear material (molded asbestos on steel or cast iron). The rotation of the clutch then causes the 

hollow shaft to rotate [they are both connected by another key] upon which gear G5 is tightly mounted. This consequently, causes 

it to rotate and transmit its motion to the idler gear assembly, which in turn transmits its motion to the outer system consisting of 

gears G9 and G10—which are both rotating independently on bearings. 

 
 

A selector mechanism connected to the jaw-clutch and controlled by the operator via cables connected to the handle of the roller 

compactor, then causes the jaw clutch to engage either of gears G9 or G10 one at a time. This engagement further causes a shaft 

connected to the jaw clutch by means of a lock-jaw engagement [which can also slide over it] to rotate. The sprocket which is 

connected to this shaft positioned outside the gearbox then rotates and transmits its motion to the rollers.; which then makes the 

roller compactor to move. 
   

Table 5: Major Components of sub-Assemblies and Main Functions 

S/No. SUB-ASSEMBLY MAJOR COMPONENTS 
SUMMARY OF  

MAIN FUNCTION(S) 

1 Conical clutch assembly 
Gears G3 and G5, 

Conical clutch, and 
Systemic shaft assembly 

Transmits motion from Idler gears 
through gear G5 

2 Output system assembly 
Gears G9 and G10, 

Jaw clutch, and 
Shaft & selector mechanism 

Transmits translational motion to 
the Roller compactor via a Sprocket 
and Chain combination outside the 

gearbox 

3 Systematic shaft assembly 

Hollow shaft, 
Solid shaft, 
Keys, and 

Speed screw mechanism 

Engages and dis-engages the Conical 
clutch from gears G3 and G4 

4 Idler gears assembly Gears G6, G7 and G8 
Transmits motion from Conical 

clutch assembly to gear selector 
assembly 

 

 
Fig 6: Section through conical clutch assembly during clutch engagement 
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 Figure 7: Jaw clutch engaging gear G10    Figure 8: Sprocket rotates to move roller compactor     

                   Source: Authors Source: Authors 

 

3.2 Calculation of Speed of the Engine 

Note that:  

1.25 km/hr   
  

  
       m/s   0.347 m/s. 

and from equation 6: 

        
 

 
  

where: 

            m/s,  

Since the diameter of the roller is 500 mm   0.5 m; hence the radius ( )     
   

 
  =  0.25 m 

       
     

    
   1.39 rad/s. 

 

Thus, this will therefore be taken as the angular speed of the sprocket attached to the roller (driven or gear sprocket).  

 

Now, comparing this with that of the sprocket attached to the output gears shaft (driving or pinion sprocket), we have that: 

nR = 65, and ns = 13. 
Thus: 

  

    
   

  

  
  

     
  

  
          6.95 rad/s  

Consequently, 6.95 rad/s is the angular speed of the pinion sprocket and also the shaft it is attached to.  

 

Re-writing equation 7 in terms of the gear/pinion arrangement in the gear box: 
  

  
   

  

  
  

where the subscripts represent the gear designations.  

 

Thus, the Angular speed obtained above is that of the gear designated ‗G9‘ i.e.      6.95 rad/s 

       
  

  
         

  

  
         15.83 rad/s 

Now, working-up step-wise all the way to the engine: 
  

  
   

  

  
  

       since they are both attached to the same shaft, 

       
  

  
         

  

  
          48.25 rad/s 

        (Assuming no slippage when the conical clutch engages gear 3) 
  

  
  

  

  
  

       
  

  
         

  

  
         231.58 rad/s = 2211 rpm 

This is therefore, the speed of the engine, since gear G1 is actually a shaft onto which teeth are machined and is connected to the 

engine without an intermediary gear.  
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3.3 Calculation of Gearbox Ratio 
Considering the Forward higher speed, the gearbox ratio is: 

 

      

1

9





= = 231.58/6.95 = 33.3 

 

3.4 Calculation of Torque 
Form the model of the conical clutch shown in Figure 4: 

 D = 147.6 mm = 0.148 m 

 d = 140 mm = 0.14 m, 

 

From Table 6 in the Appendix 1; for molded asbestos on steel or cast iron in dry condition, while taking the average between the 

given limits of values;      100 psi = 689476 N/m
2
 and 𝑓 = 0.35 

 

     
                 

 
 (            ) = 1213 N 

 
and       

    
           

          
 (              ) = 160.2 Nm 

 
It should be noted that, this value of torque was obtained directly from the physical dimensions of the clutch. These dimensions 

are not the ones obtained from the ‗forward engineering ‗design calculations. The usual practice is to increase the dimensions 

above the designed value when selecting the clutch. In order to account for this in reverse engineering, the obtained value of 

torque was multiplied by a factor less than 1 (or divided by a factor greater than 1) which takes care of the adjusted dimensions 

(D, d, etc.) and service application. Table 7 in the Appendix 1 shows safety factor for clutches; 

 

Hence, it was safe to say; 

    
     

   
 = 72.82 Nm 

 
The above value was taken as the torque transmitted from the engine assuming no loss from the coupling. 

 

3.5 Calculation of Power of the Engine for the Gearbox 
Finally,  

From (10), the Engine power for the gearbox was obtained as follows: 

 

P = 72.82     231.58 = 16863.66 = 16.9 KW = 23 HP  

 

3.6 Comparison and Accuracy check/evaluation of Results  
In order to be certain that the design procedure is acceptable, it is necessary to compare the result with existing standards or 

models. Here, the energy required for adequate compaction of soil was used as the yardstick for the comparison. 

 

Now, according to the modified standard test: AS 1289-E2.1, equipment for road construction works should supply energy within 

the range of 595 – 2072 KJ/m
3
 for adequate compaction [16]; depending on the intent (i.e. whether for road construction, for 

embankments etc.).  

 

It therefore becomes of interest to us, to check with the dimensions of the components of the roller compactor and with the values 

of parameters obtained for the engine; if the energy supplied will be within the above-mentioned range. 

Now, for dimensional consistency; 

 

E = 
   

 
     - - - 12 

 

  
           

 
 - - - 13 [17] 

 

3.7 Useful Power 
To obtain the useful power for operation, consideration was made of the losses encountered from the engine to the rollers. These 

losses are: 

 Losses from the bearings 

 Losses from the mating actions of gears 

 Losses from the engaging and dis-engaging of the clutch from the forward and reverse reduction gears 

 Losses from the chain-sprocket interaction, connecting the gear box to the rollers. 
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Also, the following points should be noted: 

 Based on the assembly of the proposed gear box, there are six pairs of bearings. 

 The coefficient of useful work of a pair of bearings is 0.99 [18]. 

 Also, there are four pairs of mating gears. 

 The coefficient of useful work for a pair of cylindrical spur gear is 0.97 [18]. 

 Based on practical applications, the average efficiency factor of friction cone clutches during operations at nominal speed 

is 0.55 (this includes engaging and dis-engaging)  

 

Now, the service factor for chain drives for different applications is shown in Table 8 

The reciprocal of the service factor circled in the table will be used since we are accounting for losses 

 

               = 18306.399 X 0.99
6
  X  0.97

4  
X  0.55  X  1/1.7 = 4547.4W 

 

3.8 Testing the proposed Reverse-Engineered Gearbox for Compaction of different Soil-types 

Knowing the useful power, the rate of production was considered. This is different for various soil types since the ‗Compacted lift 

thickness‘ and ‗Number of passes‘ required for adequate compaction are different for different soil types. 

 

Now the roller width is 0.68m, the average compactor speed is 0.347 m/s (1.25 km/hr) and the average efficiency factor during 

operation is 50 mins/hr (0.83) [17]. Values of ‗Compacted lift thickness‘ and ‗Number of passes‘ for similar equipment is shown 

in Table 9 in the Appendix 1. 

 
 
3.8.1 For well-graded gravel: 

L = 8 inches = 0.2 m 

N = 8 

R = 
                        

 
 = 0.0049 m

3
/s 

    
      

      
 = 928 KJ/m

3  

 
 

 
3.8.2 For clayey gravel (GC): 

L = 9 inches = 0.23 m 

N = 9 

R = 
                         

 
 = 0.005 m

3
/s 

    
      

     
 = 909.5 KJ/m

3 

 
 

 
3.8.3 For silty sands (SM): 

L = 6 inches = 0.152 m 

N = 6 

R = 
                          

 
 = 0.00496 m

3
/s 

    
      

       
 = 916.8 KJ/m

3 

 
 

 
3.8.4 For low plastic clay (CL): 

L = 6 inches = 0.152 m 

N = 10 

R = 
                         

  
 = 0.003m

3
/s 

    
      

     
 = 1515.8 KJ/m

3 

 
It is pertinent to note that, all of these values for different soil types fall within the acceptable (required) range according to the 

modified standard test: AS 1289-E2.1  [19-20]. 
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4. CONCLUSION 
The gear box is a two-speed parallel shaft type with a gear box ratio of 33.3 based on the forward direction and consists of 10 spur 

gears enclosed in a box. One of the gears is a shaft upon which teeth are machined and serves as the input gear, three are idler 

gears and two are output gears. Two others are in the input system enclosing a conical clutch that transmits torque. One transmits 

motion to the idler gear system and the remaining is the reduction input gear. In its operation, the conical clutch transmits torque 

and motion by friction with the inner surfaces of the forward and reverse reductions gears one at a time. The motion is then finally 

transmitted to the two output gears of different speeds. The output speed selection (forward and reverse) is achieved by the jaw 

clutch through a mechanism outside the gear box which also automatically enables the conical clutch to engage the forward or 

reverse reduction gears. From the relevant components of the gear box, it was calculated that it will require a 25 hp and 2211 rpm 

engine to provide the required energy for optimum compaction. Four soil types where examined and using parameters of the roller 

compactor in formulae; 928 KJ/m
3
 of energy was required for well graded gravel for an 8 inches compacted lift, 909.5 KJ/m

3
 for 9 

inches compacted lift of clayey gravel, 916.8 KJ/m
3
 for 6 inches compacted lift of silty sand and 1515.8 KJ/m

3
 for a 6 inches 

compacted lift of low plastic clay. These are within the acceptable range of 595 – 2072 KJ/m
3
 according to the modified standard 

test: AS 1289-E2.1 for road construction works; and therefore, the design analysis is acceptable. 

 

APPENDIX 1 
Table 6: Friction Materials for clutches 

   

Source: [15] (page 841) 

 

Table 7: Suggested safety factor table for clutches 

 

http://www.ijerat.com/
http://doi.org/10.31695/IJERAT.2020.3655


International Journal of Engineering Research And Advanced Technology, Vol.6 (10), October-2020 

www.ijerat.com                                                                                                                                     Page 43 

DOI : 10.31695/IJERAT.2020.3655 

Source: [21] 

Table 8: Chain drive Service factor 

 

Source: [22] 

 

Table: 9: ‘Compacted lift thickness’ and ‘Number of passes’ for different Soil-types 

 

Source: [23] 
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APPENDIX 2 

                                                                           

                         

Figure 9: Systematic shaft exploded view (without keys)        Figure 10: Systematic shaft assembly (keys)  

       Source: Authors        Source: Authors 

 

       
 Figure 11: Conical Clutch (With friction lining)                Figure 12: Conical clutch assembly exploded 

view 

  Source: Authors        Source: Authors 

 

        
                                 

Figure 13: Conical clutch assembly                                                             Figure 14: Jaw clutch 

 Source: Authors         Source: Authors 

 

   
Figure 15: Output system exploded view                 Figure 16: Output System Assembly (without selector 

mechanism) 

        Source: Authors       Source: Authors 
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Figure 17: Idler gear system exploded view    

          
          Source: Authors      

   

 

 

 

 
     Figure 18: Idler gear system Assembly 
            Source: Authors 

 
 

 

                                     
         Figure 19: Gearbox Whole Assembly Exploded View 
        Source: Authors 
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    Figure 20: Gearbox Whole Assembly 

        Source: Authors 

 

 

 

                                                        
 

Figure 21: Gearbox Whole Assembly (Showing the internal details) 

                 Source: Authors 
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