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Abstract— Design, modeling and analysis of machine tool for 

wooden trowel handle is on designing and analysis of special 

purpose machine, which is a combination of two process into 

one process making it usable for both processes used for 

making wooden handle it has two processes cutting and curve 

forming of two machine tools scroll saw and moulding router 

respectively. These two processes are used to make trowel 

handle. It is simple for usage and also safety and productivity 

will increase. 
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I. INTRODUCTION 

Design, modeling and analysis of machine tool for wooden 

trowel handle is on designing and analysis of special purpose 

machine tool. Which aim is to combine two machining 

process, cutting and curve forming into one and in single turn. 

In previous cutting process is done by scroll saw machine and 

curve is forming on router machine. These two processes are 

required to make wooden trowel handle. Which is require 

more cycle time and also safety is very less. So we can define 

a machine which can done is two operations on one machine 

and in single turn with great surface finishing, accuracy, and 

safety. This machine will increase the productivity. 

 Previous operations are also very risky to perform 

and hands safety is not very much considered in these two 

machine tools. But in our machine it is consider and we kindly 

want that operator’s safety cannot considered worthless. So 

we provide hand griper in this machine, so operators hand is 

too far from tool but also the process is totally manually hand 

operate. This will reduce the total cost of production, it can 

be done with less effort and manually for batch production 

work. 

II. DESIGN METHODOLOGY 

 
Fig. 1: line diagram of machine 

List of main components: 

1) Tool 

2) Fixture 

3) Tool holder 

4) Pedestal 

5) Spindle 

6) Base 

7) Fixture plate 

8) Rail 

9) Linear motion guide 

III. WORKING 

1) In wooden trowel handle making machine, sliding 

mechanism, which is mounted on base table gives path 

or feed motion to fixture. 

2) Sliding motions is generate by the using linear motion 

guide; there is two pair of linear motion guide, which is 

fitted on each other perpendicular. 

3) Fixture is attached with linear motion guide, fixture is 

holding the handle of wooden trowel, and basically jobs 

movement is occurs with fixture by linear motion guide 

with respect to tool. 

4) One end of the spindle is attached with pulley which 

gives the rotary motion on the other side spindle is 

connected with tool holder. 

5) Finally when tool is mounted on tool holder, spindle 

transmits the rotary motion to tool and slider mechanism 

gives feed, to remove material from the handle. 

6) There is form type tool, so tool can remove material in 

proper shape in single feed. 

IV. CUTTING FORCE CALCULATION 

 Cutting force: 

The concept of calculating tangential cutting force is based 

on relationships between the following parameters: 

 Ultimate tensile strength (σ) of metallic work materials 

vs. their hardness, strength parallel to the grain ranges 

from 60 to 90 MPa at 12% moisture content. 

 Cross-sectional area of the uncut chip (A), 

 Engagement factor of a work piece material (Ef), 

 Cutting tool wear factor (Tf). The following tangential 

cutting force formula was developed in accordance with 

these relationships: 

Ft = σ × A × Tf    (1) 

The following formula is recommended for calculating the 

cross-sectional area of the uncut chip: 

A = ap × f    (2) 

 Where ap is the axial DOC and f is the feed per 

tooth. Cutting Tool Wear Factors (Tf): 

 The following cutting tool wear factors are 

recommended according to the type of operation 

(Machinery’s Handbook, 29th Edition, p. 1,086). 
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Table 1: cutting tool wear factors 

1) Cutting Force (fc):- 

Ultimate Tensile strength = 90 MPa Cross-section of uncut 

chip (A) = ap * F 

= Axial DOC * Feed / tooth 

= [2.50 *0.15] 

= 0.375 

2) Cutting force (fc) = σ*A* Tf 

= 90*0.375*1.1 

fc = 37.125 N 

 Calculation of torque: 

Torque (Ts) that is applied to the spindle, and therefore to the 

router cutter, is generated by the tangential cutting force (Fc) 

and can be calculated by the formula: 

Ts = Fc × R    (3)  

Where R is a radius of a router cutter. 

Torque (Ts) = Ft*R 

= 40*20 

= 800 N*mm  

 Motor Formulas and Calculations: 

Induction motor, which generate the rotor field by induction 

as implied by their name, have speed values such as 720 

RPM, 1440 RPM and 2880 RPM. 

 According to the project we preferred motor with 

high rpm due to the wooden parameters. 

Therefore we using 3 phase motor with 2880 RPM. 

Required horse power according to the torque:- 

H.P. = (TORQUE X R.P.M.) / 5250 

 According to this formula, if we want to use 800 

nxmm torque in that much amount so we need to prefer a 

motor with 0.5 H.P. 

 There for need to using the 3 phase motor with 2880 

RPM and 0.5 H.P. which is appropriate for are machine. 

Horse Power (H.P.) = (Torque*RPM)/5250 

= (0.8*2880)/5250 

H.P = 0.4388 

 Calculation of rpm of spindle and motor shaft : 

The shaft on motor is attached with pulley which has 10 inch 

diameter. The spindle is attached with pulley which has 3 inch 

diameter. 

Equation of calculating of rpm of spindle: 

Spindle RPM = [(RPM of motor shaft) x (dia. Of pulley 

which mounted on motor shaft) / (dia. Of pulley which 

mounted on spindle)] 

Spindle RPM:- 

Diameter of shaft D1 = 260 Diameter of spindle D2 = 80 

RPM of motor N1 = 2880 

N2 = (N1*D1)/D2 N2 = (2880*260)/80 N2 = 9360RPM 

V. MODELING AND ANALYSIS 

 3D modeling of wooden handle making machine which is 

made by with the help of computer designing software: 

 

 Applied forces and constrain of analyze force on machine 

component: 

 
Fig. 3: applied forces on machine 

 Result of analysis of 1
st 

principal stress: 

 

Fig. 4: 1
st 

principal stress analysis 
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 Result of analysis of von mises stress: 

 
Fig. 5: von mises stress analysis 

 Result of analysis for the displacement: 

 
Fig. 6: displacement analysis 

VI. RESULTS & DISCUSSION 

 Force Analysis Report: 

 
Table 2: force analysis report 

VII. CONCLUSION 

By doing this analysis we can conclude that handle of wooden 

trowel can made easily by this machine, and result of analysis 

represent the safe side of machine working after applying all 

forces in maximum condition so we can said that 

manufacturing of this machine can be possible by following 

all of  this data. 
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