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Abstract— The key function of milling machine is to 

produce flat surfaces in any curved or irregular surfaces. 

The functions are accomplished by slowly feeding the work 

piece with the help of reciprocating adjustable worktable 

against the circular cutting tool rotating at moderately high 

speed. This research is based on the requirement of Pragati 

industries. The industry is in need of Gear cutting machine. 

The gear hobing machine is very expensive and occupies 

large space. The industry has a conventional milling 

machine. So, we design a special purpose fixture for cutting 

gear on milling machine to fulfill the need of company. 
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I. INTRODUCTION 

Milling machine is most useful manufacturing operations. In 

this operation the workpiece is fed against a rotating 

cylindrical tool. The rotating tool consists of multiple 

cutting edges i.e. multipoint cutting tool. Normally axis of 

rotation of feed given to the work piece. Milling operation is 

distinguished from other machining operations on the basis 

of orientation between the feed direction and tool axis  the, 

however, in other operations like drilling, turning, etc. the 

tool is fed in the direction parallel to axis of rotation. The 

cutting tool used in milling operation is called milling cutter, 

which consists of multiple sharp edges called teeth. The 

machine tool that performs the milling operations by 

producing required relative motion between job and tool is 

called milling machine. It provides the required relative 

motion under very controlled conditions. The most gear-

cutting processes include hobbing, broaching, milling, 

and grinding. Such cutting processes may occur either after 

or instead of forming processes such 

as forging, extruding, investment casting, or casting. Gears 

are commonly made from metal, wood and plastics. 

Although gear cutting is a substantial industry, many metal 

and plastic gears are made without cutting, by processes 

such as die casting or injection molding. Some special case 

metal gears made with powder metallurgy require 

subsequent machining, whereas others are complete after 

sintering. Likewise, metal or plastic gears made 

with additive manufacturing may or may not require 

finishing by cutting, depending on application. 

II. PROBLEM FORMULATION 

The scope of the project is limited to the modeling and 

analysis of Special purpose fixture for cutting gears on 

milling machine for Pragati Industries, Nagpur. This 

company has a conventional milling machine. This company 

is in need of Special purpose fixture for cutting gears on 

milling machine. 

III. RESEARCH METHODOLOGY 

By conducting the industrial visit in Pragati industries and 

consulting with the technical person of the industry it has 

been observed that the industry is in need of Gear cutting 

machine. The gear hobbing machine is very expensive and 

occupies large space. Company has a conventional milling 

machine. A special purpose fixture for cutting gear on 

milling machine can fulfill the need of company. So, to 

overcome space and cost problem this project is undertaken. 

IV. DATA ACCUMULATION 

A. Motor Parameter 

380V 

35Hp 

50Hz 

1400rpm 

Spindle speed: 

Vertical = 45 – 190rpm 

Horizontal = 380rpm 

Bed Dimension: (cm) 

State Bed = 100X35X10 

Centre Bed = 50X35X15 

Down Bed = 50X60X50 

Functions: 

Boring, Keyway, Facing, Sliding 

Vice can be open up to 10in 

V. CAD MODELING OF MILLING CUM HOBING MACHINE 

 
Fig. 1: 
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Fig. 2: 

 
Fig. 3: 

 
Fig. 4: 

 
Fig. 5: 

VI. DESIGN CALCULATIONS 

Ultimate tensile strength of work material AISI H13 

havingBrinel hardness number 210HB 

Cutter specification: M40, cutter diameter D-160mm 

Cutting edge angle y - 75 degree 

Depth of cut d- 6mm 

Number of tooth in cutter Z - 10 

Width of cut w - 120 mm 

Feed per toothfz - 0.4 

Cutting speed Vc - 91m/min 

Width of cut to cutter diameter - 120/160 =0.75 

Efficiency of machine - 70% 

Cutting Force Ft = 𝜎 𝑥 𝐴𝑐 𝑥 𝑍𝑐 𝑥 𝐶𝑚 𝑥 𝐶𝑤 

Ft –cutting force  

σ -Tensile strength 

A-Cross sectional area of the uncut area  

Zc- number of inserts in the cut 

Cm - machinability factor of work material 

Cw- cutting tool wear factor 

σ =724 N/mm2 (according to Brinel hardness number 

210HB) 

fza =
𝑓𝑧

sin 𝑦
 = 

0.4

sin 75°
=0.4141 mm 

A = 𝑓𝑧𝑎 𝑥 𝑑 = 2.4846 mm2 

 
Table 2.1: Multiplier Values(m) vs Width of Cut-to Cutter 

Diameter Ratio (W/D) 

W/D= 120/160 =0.75 from table we take M=0.33 

Zc= Z x M =10 x 0.33 =3.3 

 
Table 2.2: Machinability Factors Cm at Various w/D Ratios 
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Table 2.3: Milling Categories and Cutting Tool Wear 

Factors (Customary U.S. Units) 

 
Table 2.4: Milling Categories and Cutting Tool Wear factors 

(Metric Units) 

Zc=3.3 from table we take Cm = 1.5 and Cw= 1.3 

Cutting Force Ft = 𝜎 𝑥 𝐴𝑐 𝑥 𝑍𝑐 𝑥 𝐶𝑚 𝑥 𝐶𝑤 

= 724 * 2.4846 * 3.33 * 1.5 * 1.3 

  =11681 N 

 Torque Tc=
𝐹𝑡 𝑥 𝐷

2000
 

=934.5 N·M 

Power required to cutter Pc=
𝐹𝑡 𝑥 𝑉𝑐

6000
 

Pc= 17.7 kW 

Required RPM to cutter N= 
1000 𝑥 𝑉𝑐

𝜋 𝑥 𝐷
 

   N= 181 RPM 

Power Required at Drive  

Pm=
𝑃𝑐

𝑛
here, n= efficiency of Power drive  

=
17.7

0.7
 

Pm =25.3 kW 

A. FE Modeling 

 
Fig. 6: 

B. Boundary Conditions 

1) Constraints 

 
Fig. 7: 

C. LOADS 

Cutting force at cutter tooth = 11681 N 

Driving torque at drive shaft = 934500 N.mm 
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Fig. 8: 

D. Fea Results (Static) 

 
Fig. 9: 

 
Fig. 10: 

1. DISPLACEMENTS = 0.44mm 

2. STRESSES = 731MPa 

Table 1: 

VII. CONCLUSIONS 

In this article, we accumulate necessary data. Then with the 

help of data, we design milling cum hobbing machine which 

can also use for worm gear cutting on the gear blank. This 

model is made on PTC CREO PARAMETRIC V5 (PRO-E). 

Meshing and analysis of the industrial rack was done. The 

results shows that stress and displacement in limit, Hence 

the design is safe. 
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