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_________________________________________________________________________________ 
Abstract 
In this empirical study, a mathematical proof and calculation of possible error has been demonstrated when the tool has 

not been set at the center of the work-piece on an experimental lathe, when performing a taper turning operation. This 

paper describes the effect of wrong positioning of tool on taper turning operation. Hence our experiment emphasizes 

practical implementation of taper turning process where irrespective of the job, whether it is being made taper or 

straight, in both case the tool should be positioned at the center of the work-piece. Tool should not be positioned either 

above or below. Experimental results have shown that a considerable amount of improvement was achieved for the 

taperness error of work-piece in the taper turning operation. The acceptance of the job depends on the taper turning 

operation and measuring systems with respect to acceptance criteria (as per drawing dimensions) with the help of ruby 

ball (touch probe) which includes the radio and inductive transmissions systems in the C%C machines being controlled. 

Hence PLC Programming has been developed which enables to segregate the job in such a way that if the job is rejected, 

it will go to reject bin and if the job is accepted, it will go to accept bin automatically. 
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I�TRODUCTIO�  

The traditional method of achieving high accuracy in 
turning operations is to use a high precision machine 
for the avoidance of error. The manufacturing cost 
becomes enormous as the precision machine is very 
expensive.  
 
The problems in taper turning are: 
1.1 Required angle as per setting whether it has been 

achieved or not.  
1.2 Maximum or minimum diameter measurement 

problem in online error forecasting compensation 
technique, the strategy of which was first 
developed by [1] some 20 years ago and 
successfully applied to the roundness control in 
grinding [2] and cylindrical control in boring [3].  
The FCC strategy is used for on-line 
compensation of the work-piece from error 
which is generated by the relative motion error 
between cutting tool tip and the cutting point of 
the work piece during cutting. In this study, 
possible error has been established through 
mathematical calculation when the tool has been 
set below or above the center. The objective of 
this study is to develop and implement the 
compensation system for the turning, accuracy 
control in taper turning using mathematical 

formula. The system has the following basic 
features: 

1.2.1 Determination of machining errors 
1.2.2 Modeling the error 
1.2.3Compensation of the error through tool setting 
1.2.4 Measuring the job through ‘Ruby Ball’ instead 
of piezo Electric.  
1.2.5 After the systematic interpretation/ 
measurement of the job/ work, if the job is accepted 
i.e. within the limit, then the   job will go 
automatically to the accepted bin and if the job is 
rejected, then it will go automatically to the rejected 
bin. Hence PLC Programming has been developed 
for this system. 
  

EXPERIME�TAL SET-UP 

The experimental set-up, as shown in Fig.1, is located 
on the shop floor of the Indo Danish Tool Room, 
Jamshedpur (India). It consists of a CNC (MAZAK) 
lathe with experimental accessories, an error 
measurement system and a compensation system.  
 C�C (MAZAK) Lathe with Experimental Tool, 

Accessories and its Specifications  
    The experimental lathe shown in Fig. consists of 
an integrated system of x-y sliding table, which is 
controlled by a moving master board that is inserted 
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in a 486 compatible computer and spindle attachment 
mounted on a rotating fixture. Both the x-y sliding 
table and the spindle attachment are mounted on a 
surface table. A three-phase induction motor having a 
motor speed controller drives the spindle attachment. 
A flat belt coupled with two pulleys, transmits the 
power from the motor to the grinding attachment. 
The experimental lathe with the surface table is 
installed on a heavy concrete block. The concrete 
block along with the stainless steel stand with four 
shocks absorbing feet on which the concrete block is 
mounted, are used to reduce the environmental 
vibration effect. 
 

Machine Specifications:                                                                
Maximum Machining Diameter: Φ254 mm 

Machine Name: MAZAK Quick Turn 15N 
Electrical Specifications: 3AC-415 V, 50/60 Hz 
Make: YAMAZAKI MAZAK Corporation  
Power Requirements 

• Electrical Power: 38.5 KVA 
• Air   Pressure: 0.5 (5) MPa (kgf/cm²) 

Machine Size 

• Height: 1810 mm 
• Floor Space Required (width × length): 

(236 × 257) mm² 
• Weight: 4400 kg/ 9702 lbs 

Bed 

• Shape: Horizontal 
• Width: 340 mm 

Accuracy 

• Positional Accuracy 
o X-axis: 0.008 mm 
o Y-axis: 0.013 mm 

• Repetitive Positioning Accuracy 
o X-axis: ± 0.002 mm 
o Y-axis: ± 0.003 mm 

Capability and Capacity 

• Swing on Bed: Φ440 mm 
• Swing on Cross Slide: Φ254 mm 
• Inter-Center Distance: 627 mm 
• Standard Machining Diameter: Φ150 mm 

Machine Interface Unit (MI 12): The interface 
converts probe signal information into a form which 
is compatible with the machine controller. In addition 
to this, it has visual and or audible indicators for 
probe status, system power, and battery status and 
error diagnostics. 
 
Optical Machine Interface (OMI): The functions of 
the OMI and MI 12 have been combined into a signal 
module. The OMI offering functionality specifically 
optimized for the needs of smaller machine tools. It is 
used in the inspection systems on small to large sized 
machining centers and lathes.  

Radio Transmission Systems (RTS) 

OVERVIEW: A radio transmission system provides 
long range (up to 15m path length) of communication 
between the probe and the machine’s controller. The 
system hops between Channels within the designated 
frequency band. The use of unique identifiers allows 
multiple radio systems to operate in close proximity. 
Radio probes are classified as short range devices and 
meet the requirements for license free operation. A 
radio transmission system comprises the following: 
(Fig:-2 & Fig:-3). 
Probe: The probe receives machine control signals 
and transmits probe status signals. There are two 
active modes, ‘stand-by’ and operating. In ‘stand-by’ 
mode, the probe is a receiver waiting for a signal to 
switch to ‘operating mode’. In ‘operating mode’ it 
transmits probe status information to the RMI 
receiver. Probe battery status information is also 
transmitted in the same manner. 
FHSS: The Frequency hopping speed spectrum radio 
transmission has been introduced which gives more 
robust communication than single channel 
transmissions by distributing their signal across a 
wider frequency range. This FHSS enables multiple 
probe system and other industrial equipment to co-
exist in confidence with negligible chance of 
interference. Hence only 63 mm diameter and 76 mm 
in length, the RMP 60 probe can therefore probe 
surface cut using the shortest tool in the machine’s 
carousel, whereas longer probe could be restricted by 
the upper limit of the machine’s z travel. This radio 
probe systems allow for great flexibility in the 
positioning and orientation of the receiver, 
particularly where line-of-sight restrictions make 
optical transmission system impractical.  
Radio Machine Interface (RMI): The combined 
interface and antenna converts probe signal 
information into a form which is compatible with the 
machine’s controller. In addition, it has visual 
indicators for start, low battery, and probe status, 
error and signal strength.         
Applications: It is used in work-piece measurement 
and job set-up on medium to large horizontal, vertical 
and gantry machining centers, 5 axes machines, twin 
spindle machines and vertical turret lathes (VTL).    
 

Inductive Transmission Systems (ITS) 

Overview: Inductive transmission works by passing 
power and probe signals across a small air gap 
between two induction modules. Typically, a probe 
fitted with an inductive transmission system 
comprises the following: (Fig:-4). 
Probe and Inductive Probe Module (IMP): It is 
mounted on a shank. The IMP receives power from 
IMM and passes probe signals to the IMM. 
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Machine Module (IMM): 

It communicates with the IMP. It is mounted on the 
machine tool’s spindle nose; the IMM is ‘hard-wired’ 
to a Machine Interface Unit.  
Machine Interface Unit (MI5): It converts probe 
signals into a form which is compatible with the 
machine’s tool controller. The interface is also a 
visual and audible indicator of probe status. 
Applications: It is used in inspection systems on 
machining centers and lathes. Inductive transmission 
is only suitable for fitting by machine builders. 
 

Hard-Wired Transmission Systems (HWTS) 

Overview: A Hard-wired probe system has the 
simplest form of transmission system and typically, 
comprises the following elements (Fig:-5). 
Signal Cable: It connects the probe to a machine 
interface unit, carrying power and probe signals. 
 

Machine Interface Unit (MI8): It converts probe 
signals into a form which is compatible with the 
machine tool’s controller. The interface also has 
visual indicators for probe status and error 
diagnostics.       

Applications: Hard-wired transmissions systems are 
ideal for the following applications: 
a) Tool setting on machine centers and lathes where 
the probe remains in a fixed location. 
b) Inspection on milling machine’s where the probe 
is manually placed in the machines spindle. 
 

 PLC Controller For Handling The Accepted Or 

Rejected Job In Proper Bin 

Process is the various steps of operation by which 
raw materials are converted into finished products. 
Hence the finished product mean the output in terms 
of customer satisfaction have to find out through the 
measuring process. Measurements will be done 
through the ruby ball method which has been 
discussed above and once the job is within the 
specific limits of variability, then only the job will be 
accepted. As a result, the job will be going to the 
accepted bin automatically and if the job is not within 
the specific limits of variability, automatically the job 
will be going to the rejected bin. Hence for achieving 
the above mentioned process, a PLC (Programmable 
Logical Controls) programming has been developed.  
 

Mathematical Proof and Calculation of Possible 

Error of the Effect of Wrong Positioning of Tool 

on Taper Being Done on Work-Piece 

 In turning operation, when we do taper turning or 
straight turning, both the cases, tool should be 
positioned at the center of the work-piece. In taper 
turning, when it is being performed by using any 
method, tool position also plays an important role. To 

justify the above mentioned statement, a 
mathematical proof of possible error is being 
estimated below, by which it has been demonstrated.  
Let us consider a job whose all parameters have been 
given and it is to be tapered. When the tool is at the 
center of the work piece (fig.6 (A)) then  
tanα= (R-r)/ L, or, R-r = L tanα, or, α = tan‾¹ (R-r)/ L   
(1) 
   Where R = Radius of the work at the bigger end 
            r = Radius of the work at the smaller end 
L = Length of the taper  
This is the required and calculated taper value.  
From Construction in Circle (fig.6 (C)) 
AK = √ OA² - OK² 
(Given AK = h, [fig.6 (C)] Position of the tool below 
the center) 
OK = √ OA² - AK² 
       = √ r² - h² 
If we consider that at a distance X, radius of the work 
piece is Y, then we need to determine the value of 
(Y-r).  In ∆ LMN (Fig.6 (B))  
 tanα = (Y-r)/ X,  
Or, Y-r = X tanα 
Or, Y² = (X tanα + r)² = r² + X² tan²α + 2rX tanα 
The above equation resembles a hyperbola. So the 
surface which will be produced during taper turning 
will be a hyperboloid. Thus we can find out the 
amount of taper to determine the diameter at the 
bigger end i.e. Radius AF. Thus  
AF² = AK² + FK²  
        = h² + (FO + OK)² 
        = h² + (L tanα + √ OA² - AK²)² [Since FO = R-r 
= L tanα]  
  Or, AF² = h² + (L tanα + √ r² - h²)² AF = Radius at 
the bigger end) 
  Or, AF = √ [h² + (L tanα + √ r² - h²)²]                         
(2)   
Or, New taper, α1 = tan‾¹ (AF-r)/ L [Since α = tan‾¹ 
(R-r)/ L] (Fig.6 (D)) 
 α1 = tan‾¹ {√ [h² + (L tanα + √ r² - h²)²]-r}/ L 
 

SETTI�G TOOL EYE ADJUSTME�T  

Setting of tool eye adjustment should be done for the 
purpose of getting high accuracy of the job. This is 
the compensation system that we are using tool eye 
adjustment. For this, calculation of tool eye 
adjustment data should be carried out as follows: 
Step 1: 
• The tool should be indexed that requires setting 

of the TOOL EYE adjustment data. Manual nose 
measurement using a TOOL EYE should be 
carried out.  

• A work-piece should be machined with this tool 
and the TOOL EYE adjustment data from the 
programmed and the measured value should be 
calculated.  
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Example: 

Step 1:   If the measured diameter value of a 
machined work-piece is 30.004 mm for a 
programmed diameter value of 30.00 mm, as shown 
below: 
(Tool EYE adjustment data) =Programmed data – 
Measured data= 30–30.004 mm = -0.004 mm 
Step 2: The cursor should be set on the data item we 
want to set data.   
 
Tool Set   Wear Comp.  Max Wear Life Used       Tool  Eye Comp. 

T No.  X            Z           X     Z        X   Z    TIME NUM.  TIME NUM X  Z 
 1   -343.865 180.231   0.   0.     0.     0.  0       200    0          0       0          0.                                                                                                                                           

                                                                                                      Cursor  

Step 3: The value should be set that was calculated in 
Step 1 above. 
N.B: The data in the Z-axis direction should be set in 
the same manner.  
 

Justification of the Problem Along With Its Proof 

and Results and Discussions  

While turning a shaft (Taper) using turning 
attachment method, the setting is done for 4º taper 
but the tool is set 3 mm below the center. The length 
of the work-piece is 100 mm and the smaller 
diameter is 40 mm (i.e. r=20 mm).  
We calculated the actual taper value.  
From the above derived formula, we have Big 
Diameter, i.e. AF from {Eq.No.2} 
AF² = h² + (L tanα + √r² - h²) 
       = 3² + (100 × tan 4º + √20² - 3²  
       = 725.44 
Or, AF = √725.44 
           = 26.933 mm 
Thus OC i.e. bigger diameter is 26.933 mm 
Hence the produced new taper will be  
α1 = tan‾¹ {(R-r)/ L} from (equation 1) 
     = tan‾¹ {(OC-r)/ L} 
     = tan‾¹ {(26.933-20)/ 100} = 3.9657º 
Thus, Error = 4º - 3.9657º ≈ 2º (for depth of 3 mm 
only) 
                   = 0.0343º = 0.058” = 2’ (2 minutes)  from 
actual/ required size due to the fact that the job will 
not provide the interchangeability media as well as 
quality of the products will not be achieved in terms 
of high accuracy.      
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CO�CLUSIO�S 

 

 Thus we see, while doing the taper turning operation, 
the tool should not be set below or above the center 
of the work-piece; otherwise there will be an error. 
By using this method, we maintain the 
standardization which in-turn produces single product 
which leads to variety reduction as well as reduction 
in the complexity of design of the products and this 
helps us to attain the interchangeability of the 
products for the process of canibalization in the 
maintenance activity as well as it reduces the 
complexity in design and process. Hence, if the 
position of tool is above or below the center of the 
job, then the taperness will vary. 
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Fig (1) Experimental Setup 

 

 

 

 

 

 

 

 

   Touch Probe 

 

 

Fig:-2(Vertical RTS)                           

 

  Fig:-3(Horizontal RTS) 

 

                  
 
  Fig:-4 ITS  
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