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Abstract— It’s said that lathe is the mother of all machines. This paper deals with design of feedbox assembly to get 
different output feeds/threads for centre lathe machine named turnmaster-800. The gear material is analyzed for the 
maximum output torque. Software analysis is carried out in UNIGRAPICS NX8 and HYPERMESH for the bending stress. 
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I. INTRODUCTION 
 
A mechanism of a metal cutting machine used for changing the feed. It consists of interchangeable gear drives 
in housing. The kinematic features of the feedbox makes it  possible exact matching of the movement of the tool 
feed during shaping of the work piece (cutting threads and turning) with other movements of the tool relative to 
the work piece. The feedbox is equipped with a universal gear  changing attached to the shaft and series of gears 
mounted on another shaft to change the gear ratio. Such a feedbox usually gives provision to cut wide range of  
threads and feeds.. 
 
II. FEEDBOX ASSEMBLY 

 

 
Figure 1: Feedbox assembly 

 

 
Figure 2 : Drive mechanis 
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III. MAXIMUM TORQUE DRIVE 

 
Figure 3: maximum torque drive 
 
IV. TECHNICAL SPECIFICATIONS  
 
Table 1: Technical specifications of model :Turnmaster-800 

 
 
V. CALCULATION 
 
The machining recommendations are merely guidelines as speeds and feeds for any machining operations may 
vary considerably. The optimum performance or efficiency of any machining operation includes factors other 
than the proper seclection of speeds and feeds. 
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Torque requirement of the machine for turning operation  
Diameter of the workpiece = D = 200mm 
Revolutions per minite = n 
Cutting speed = v = 100 m/min 
Feed per revolution = s = 0.3 mm/rev 
     Cutting speed 
           V = πDn/1000                                                                                              (1) 
            100 = π×200×xn/1000 
               n =159.16≈160rpm 
Feed per minute 
     sm= s×n                                                                                                                (2) 
          = 0.3×160 
          = 48 mm/min 
Depth of cut = t = 3mm 
Metal removal rate = Q 
  Q=stv                                                                                                                     (3) 
     =.3×3×100 
     = 90 cm3/min 
Aprroach angle=x=450 

Average chip thichness = as 

       as= s×sinx                                                                                                             (4)                                                                                                   
        = 0.3×sin45 
        = 0.2121 mm 
Unit power = U (table;269) 
  For medium carbon steel  
     Tensile strength= HB= 70 Kgf/mm3  
  For average chip thickness of .3 mm 
      U=37 
Correction factor for flank=Kh (table;270) 
   Take flank wear = 0.2 
    Average chip thickness = 0.3mm 
    Hardness of work material = 250HB 
   Kh,= 1.08 ≈1.25 (safety) 
 Side rake angle (table;270)  
For simply turning and milling operation either +5 or -5 is taken  
         Here we assume -5 
 From table 270 
        Kγ= 1.29 
Nw power at the spindle 
        N=U Kh Kγ Q                                                                                        (5) 
           =37×1.25×1.29×(90×10-3) 
         N=5.369 kW 
 
Taking efficiency of motor = E = 80% 
Power at the motor (Nel) 
         = N/E                                                                                                    (7) 
         =5.369/0.8  
    Nel=6.711 kW 
 
HP to Kw conversion 
0.745699872 × PHP = PkW                                                                                                                     (8) 
We are using 15HP motor 
 Power generated in kW 
        = 0.745699872 × 15 
        =11.185 kw 
Therefore the motor provides 1.66 times the required power  
 
Tangential cutting force = Pz 
     Pz = 6120×N/v                                                                                           (9) 
          = (6120×5.369)/100 
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          = 328.58 kgf 
Cutting forces  
        Px=0.5×Pz                                                                                              (10) 
            =0.5×328.58 
            = 164.29 kgf       
       Py=0.5×Pz                                                                                               (11) 
            =0.5×328.58 
            = 164.29 kgf    
Torque at the spindle = Ts 
         Ts = 975×N/n                                                                                           (12) 
              = (975×5.369)/160 
         Ts = 32.72kgf.m         
 
VI. GEAR CALCULATION 
  
GEAR CALCULATION  
Gears are toothed wheels used for transmitting motion of power. In the feed box assembly most of the gears 
used will be involute external gears.  
 
NOMENCLATURE 
z1 =  Number of teeth on pinion 
z2 = Number of teeth on gear 
zm = Average number of teeth 
m = Module 
α = Pressure angle 
α' = Working pressure angle 

ha = Addendum 
hf = Dedendum 
h = Total tool height 
d = Pitch diameter 
db = base circle diameter 
da = Outside diameter 
df = Root diameter 
dp = pitch diameter 
a = center distance 
a' = Working pressure angle 
y = Center distance modification coefficient 
x1 = Addendum modification for pinion 
x2 = Addendum modification for gear 
k = Addendum reduction coefficient 
 
Design of spur gear with correction 

 
Table 2 : Gear specification 

 
 
Center distance 
a = (d1+d2)/2 = m(z1+z2)/2 
  = 2.5(32+16)/2 
  = 60 mm 
Average number of teeth 
zm = (z1+z2)/2 
     = (32=16)/2 
 zm = 24 
Center distance modification coefficient 
y = (a'-a)/m 
   = (60.5-60)/2.5 
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y = 0.2  
 Working pressure angle 
cosα' = (a*cosα)/a' 
          = (60*cos20 ) /60.5 
          = 0.9319 
 α' = cos (0.9319) 
 α' = 21.2628° 
 
 
Sum of addendum modification coefficient 
(x1+x2)/zm = (invα'-invα)/tanα 
(x1+x2)/24 = (inv21.2628-inv20)/tan20 
21.2628° = 21° and (60*.2128)minuts 
               = 21° and 15.77 ≈ 16minuts 
From the gragh of involute functions (page 44, CMTI data hand book) 
 21° and 13 minuts = 0.01804 
Inv21.2628 =  0.01804 
Inv20          = 0.01490 
(x1+x2)/24 = (0.01804-0.01490)/0.3640 
x1+x2             = 0.2068 
Taking  
x1 = x2 
x1 = x2 = 0.2068/2 
x1 = x2 = 0.1034  
Addendum reduction coefficient 
k  = (x1+x2-y) 
    = (0.2068-0.2) 
k  = 0.0068 
Addendum reduction coefficient for pinion = x1 = 0.1034 
ha = (1+x1 –k)m 
    = (1+0.1034-0.0068)2.5 
 ha =2.7415 mm 
hf = (1.25-x1)2.5 
    = (1.25-0.1034)2.5 
 hf = 2.8665 mm 
h = ha + hf 

     = 2.7415 + 2.8665 
h = 5.608 mm 
do = (z1+2+2x1-2k)m 
    = (16+2+(2*0.1034)-(2*0.0068))2.5 
    = (18+0.2068-0.0136)2.5 
do = 45.48 mm  
df = (z1-2.5+2x)m 
    = (16-2.5+0.2068)2.5 
 df = 32.26 mm 
 dp = z1*m 
    = 16*2.5 
dp = 40 mm 
 
Base tangent length of spur gear 
Base tangent length tolerance 
We have 
Correction for pinion gear = x1 = 0.1034  
From graph  
For z1 = 16 and x1 = 0.1034 
Unit correction factor, UCF = 2 
From table  
For z1 = 16 and UCF = 2 
Base tangent length (wk) 
         = 5.65229 per module 
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         = 5.65229*2.5 
  wk   = 11.6307 
 
Tolerance 
 Tolerance is dependent on class of accuracy, module of the gear and pitch circle diameter 
Pitch circle dia = 40mm 
Module = 2.5 
Class of accuracy = 8 
From the graph  
Tolerance = fw = -60 and -120 µmm 
Tolerance on base tangent length 
             = 11.6307 – 0.060 
             = 11.5707 
And  
             = 11.6307-0.120 
             =11.5107 
Similar procedure is carried out for all gears of feedbox 
Gear specifications 
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Torque analysis 
 

 
Head stock constant = 0.25 
End feed drive constant = (88*77)/(33*60) = 3.42 
Gear ratio = 	 	 	 	 	

	 	 	 	 	
     

Torque on wheel = motor	torque ∗ gear	ratio 
Maximum torque transfer in feedbox 
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Fig. 1 : Maximum torque transmission ray diagram 

 
Maximum torque at the end of feedbox (T) 
 T= torque	at	spindle ∗ headstock	constant ∗ end	feed	drive	constant ∗ 							feedbox	constant 
 T= 32.72*0.25*3.42* ∗ ∗ ∗ ∗

∗ ∗ ∗ ∗
 

 T= 61.23 kgfm 
 

Table 3 : Gear specification of feedbox end drive 

 
 
4.4.2.7. Contact ratio 
€ =  [z1(tanθ1-tanα')+z2(tanθ2-tanα')] 
θ1 = cosˉ1(db1/ da1) 
    = cosˉ1(51.68/60.5mm) 
θ1 = 31.32 
θ2  = cosˉ1(db2/ da2) 
     = cosˉ1(62.01/71.5)    
 θ2 = 29.85 
€ = 

π
[20(tan31.32− tan20) + 24(tan29.85− tan20)] 

€ = 
π

[4.89 + 5.03] 
€ = 1.58 
Torque on single tooth = 	 	 	 	 	 	

	
 

 
Torque on single tooth  
                           = 61.23/1.58 
                       T = 38.75 kgfm 
4.4.2..8 Tooth stress analysis 
 

 
From the above fig we can resolve normal force acting on the gear tooth to tangential force which transmits 
power and radial force which push gear apart. 
Ft = tangential force 
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Fr = radial force  
Ft = F cosθ 
Fr = F sinθ 
 
4.4.2.9 Lewis equation for tooth bending stress 
Lewis considered gear tooth as a cantilever beam with static normal force F applied at tip.  
Assumptions made in the derivation are:  

1. The full load is applied to the tip of a single tooth in static condition.  
2. The radial component is negligible.  
3. The load is distributed uniformly across the full face width.  
4. Forces due to tooth sliding friction are negligible.  

             5. Stress concentration in the tooth fillet is negligible 
Permissible load in bending 
sb = 	

π	
 

where  
sb = allowable bending stress 
Ft = tangential force 
b = face width of the gear 
Y = lewis form factor 
M = module 
Material used for gear is case hardened steel(toughned) i.e 15Ni2Cr1Mo15 

 
Table 4 : material properties 

 
 
F = 

	 	
 

F = .
. ∗

 
F = 1.28*10 kgf 
Ft = 1.28*10 * cos20 kgf 
Ft = 1.20*10  kgf 
From lewis equation 
sb = 	

π	
 

 
50 = . ∗

∗π∗ . ∗ .
 

 
b = 9.54 mm 
i.e width of the gear should be 9.54mm and we have taken gear width as 12mm  
Therefore the material is safe to bending stress 
 
Bending stress 12mm width gear 
  
sb = . ∗

∗π∗ . ∗ .
 

 
sb = 36.17 kgf/mm2 

 
4.4.2.10 Permissible wear load per mm face width 
 
w = 2*K*mn*z1*z2 / (z1+z2) 
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Where  
K = load stress factor, kgf/mm2  
mn = normal module 
For spur gear  
mn = m  
w = ∗ . ∗ . ∗ ∗

( )
 

 
w = 38.4 kgf/mm face width 
  
5 Software analysis 
Software analysis is carried out using NX8 and hypermesh software 
 
5.1 Mesh  
Tetrahedran type meshing is done to get the accurate results 
 
5.2 Boundary conditions 
 
Gear and shaft are drawn to the end gear specifications. Tangential force 1280N and torque of 387.5 Nm has 
been applied to shaft 
NX8 Model 
 

 
Fig. 2 : NX8 model 

 
Meshed diagram 

 
Fig. 3 : Meshed model 

 
Fig. 4 : Boundary conditions 
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Results  
 
 

 
Fig. 5 : Stress distribution 

 
Table 5 : Result 

 
 
CONCLUSION 

 
a) Part drawing of the components are drawn. 
b) Assembly is designed.  
c) Gear calculations are done for the feedbox assembly. 
d) Contact ratio is calculated. 
e) Tooth bending stress and wear stresses are investigated analytically. 
f) Bending stress is investigated through unigraphics NX8 and HYPERMESH software 
g) Analytical and software investigated stress match each other with 7.69% error. 
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