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Abstract 

This research article deals with the development of strain gauge dynamometer. A dynamometer is a machine used to measure 

torque and rotational speed (rpm) from which power produced by an engine, motor, pump or other rotating prime mover can be 

calculated in order to put the analysis of the metal cutting operation on a qualitative basis, certain observations must be made 

before, during and after a cut. A strain gauge is a device used to measure the strain of an object & the cutting force measurement 

is performed by the tool is not much costly and can machine materials with some limited criteria. This setup was developed for to 

measure cutting forces in machining operation. The cutting force cannot be detected or quantified directly but their effect can be 

sensed using Transducer. A force which can neither be seen nor be gripped, but can be detected and also quantified respectively 

by its effect and the amount of those effects like elastic deflection, deformation, pressure, strain etc. These effects, called signals, 

often need proper conditioning for easy, accurate and reliable detection and measurement. This setup is also increase efficiency 

and accuracy of force measurement by tool deflection in less time without sacrificing accuracy of the product. This strain gauge 

was designed to measure 200 kg cutting force and feed force as well. The operating parameters were depth of cut, feed per 

revolution and cutting speed.                 
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

A dynamometer is a machine used to measure torque and rotational speed (rpm) from which power produced by an engine, motor, 

pump or other rotating prime mover can be calculated. In order to put the analysis of the metal cutting operation on a qualitative 

basis, certain observations must be made before, during and after a cut. The strain gauge dynamometer was synced with Arduino 

microcontroller. The tool holder was designed in PTC Creo Parametric 3.0. This strain gauge was designed to measure 200 kg 

cutting force and feed force on lathe during machining operation. The operating parameters were depth of cut, feed per revolution 

and cutting speed. The main objective of this research was to develop a working model of strain gauge dynamometer and justify 

that it’s safe fewer than 200 kg loading conditions. 

II. LITERATURE SURVEY 

Rizal et al. (2015) has presented the development and testing of an integrated rotating dynamometer and tool holder for a milling 

process. The system was capable of measuring the main cutting force, the thrust force, and the perpendicular cutting force as well. 

The sensor system was based on a strain gauge force sensing element that was equipped by inductive telemetry system. The 

developed dynamometer was characterized through the experiments under static and dynamic loading conditions. The results 

illustrated that the developed dynamometer had high linearity, sensitivity, and rigidity [1]. Sharma et al. (2015) has measured the 

cutting forces by using electrical strain gauge and concluded that it was the best technique available. As per cutting analysis of 

forces, he concluded that the cutting & feed forces is directly proportional to depth of cut & feed rate of tool and inversely 

proportional to feed/rev. Natural frequency & stress produced in tool of dynamometer had been formulated to give the permissible 

limits of the safe designs [2]. Yaldız et al. (2006) had designed and developed strain gauge based dynamometer. It had been devised 

and connected with necessary data acquisition system consisting of hardware and software. That dynamometer was designed to 

measure up to 3500 N maximum force and the sensitivity of system was ±5 N. The values of cross-sensitivity of the dynamometer 

for the three directions were calculated in the range of 0.17–0.92%. Dynamometer can be assumed as reliable as this small value 

can be neglected. In turning operations, appropriate results were obtained in cutting force measurements. The obtained results of 

machining tests performed at different cutting parameters shows that the dynamometer can be used reliably to measure cutting 

forces. Although it was designed primarily for turning, it can be used for milling and drilling as well [3]. Yaldız et al. (2007) had 

determined the locations of strain gauge to obtain maximum output of ring minimum cross-sensitivity under deformation. To 

measure the dynamic cutting force, an accelerometer was attached to the dynamometer in measurement direction and the dynamic 

cutting force calculation was also given. For data transfer between the dynamometer and PC, a proper experimental set-up was 

performed and suitable software was written. In face-milling operations, appropriate results were obtained in cutting force 

measurements. The natural frequency of dynamometer in X, Y and Z directions satisfied the necessary rigidity and dynamic range. 
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The results obtained from the machining tests performed at different cutting parameters displayed that the dynamometer could be 

used reliably to measure cutting forces not only in milling but also in other machining processes as turning, grinding and shaping 

processes [4]. Karabay et al. (2007) had discussed in compact form of detail the basic design principles of elastic members and 

equations generally used in design. He observed that the cutting force measurement at tool condition monitoring have been found 

more accurate according to vibration, acoustic mission temperature and power consumption measurement. In addition, such devices 

may also be used in adaptive control adding appropriate electronic and computer hardware [5]. 

III. REQUIRED COMPONENTS 

The required objects for building this setup are briefly described in this section. 

 Microcontroller: 

The microcontroller specifications are displayed in Figure 1. Arduino is a computer hardware and software company, project, and 

user community that designs and manufactures micro controller kits for building digital devices and interactive objects that can 

sense and control objects in the physical world. The boards are equipped with sets of digital and analogue input/output pins that 

may be interfaced to various expansion boards and other circuits. The microcontrollers are typically programmed using a dialect 

of features from the programming languages C and C++. In addition to using traditional compiler tool chains, the arduino project 

provides an integrated development environment based on the Processing language project. 

 
Fig. 1: Microcontroller Specifications 

 Tool Holder:  

We have used square tool post as in tool holder. This is used to hold four different tools at a time. The tool holder may be rotated 

and clamped to facilitate the use of any one of the tools at a time. The details of the square tool post are shown in image. The tool 

holder 1 is located on the base plate 2 by means of the stud 3. It can be fixed to the base plate in any position rigidly by the clamping 

nut 4 and handle 5. The knob 6 is fitted to the handle for smooth operation. The tools are held in the tool post by means of the set 

screws 7. Each tool can be indexed readily by rotating the tool holder on the base plate and located in the correct position by the 

spring 9 and the ball 10. The ball is seated in the V-groove, provided for this purpose in the base plate. The tool holder draft layout 

and the designed tool holder render are shown in Figure 2 & Figure 3 respectively. 
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Fig. 2: Tool Holder Draft Layout 

 
Fig. 3: Tool Holder Rendered 3D Model 

 Tool: 

In a situation of machining, a cutting tool is any tool that is used to remove material from the work-piece by means of shear 

deformation. Cutting may be accomplished by single-point or multipoint tools. Single-point tools are used in turning, shaping, 

planning and similar operations, and remove material by means of one cutting edge. Milling and drilling tools are often multipoint 

tools. Grinding tools are also multipoint tools. Each grain of abrasive functions as a microscopic single-point cutting edge and 
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shears a tiny chip. Cutting tools must be made of a material harder than the material which is to be cut, and the tool must be able 

to withstand the heat generated in the metal-cutting process. Different cutting tools used for lathe operations are displayed in Figure 

4. 

 
Fig. 4: Cutting Tools 

 Strain Gauge: 

A strain gauge is an example of passive transducer that converts a mechanical displacement into a change of resistance. A strain 

gauge is a thin, wafer-like device that can be attached to a variety of materials to measure applied strain. The majority of strain 

gauges are foil types, available in a wide choice of shapes and sizes to suit a variety of applications. They consist of a pattern of 

resistive foil which is mounted on a backing material. They operate on the principle that as the foil is subjected to stress, the 

resistance of the foil changes in a defined way. It’s just a small chip with very low weight. It has good accuracy as well as cost is 

reasonable. 

 
Fig.5: Strain Gauge [6] 

IV. METHODOLOGY 

The study depends upon methodology opted for the proceeding as it decides the way of collecting the data, manipulation, 

processing and finally the display of the results:  

1) Measurement of cutting force by using deflection type dynamometer is the best technique available.  

2) The machining parameters will be considered during the machining with respect to cutting forces and feed forces by predicting 

the cutting performance such as depth of cut, feed/rev. and speed.  

3) The natural frequency of the tool holder of lathe tool dynamometer will be calculated.  

4) Stress calculation will be carried out for the safe design of lathe tool dynamometer [2]. 
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Fig. 5: General Principle of Measurement 

V. EXPERIMENTAL SET UP 

The setup consists of tool box, additional tool holder, strain gauge circuit and cutting tool. The additional tool holder is required 

in order to protect the circuit, which was soldered with the tool. The experimental setup of strain gauge dynamometer in operational 

is shown in Figure 6, while the force measurement circuit is shown in Figure 7. The technical specifications of the components 

used in this setup are displayed in Table 1 given below. 

 
Fig. 6: Overview of Experimental Setup 

 
Fig. 7: Force Measurement Circuit 
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Table – 1 

Technical Specifications 

Sr. No. Component Material Used Justification 

1 Tool Stainless Steel Standard Dimensions 

2 Work piece Stainless Steel Length 80 mm & Diameter 25 mm 

3 Tool Post Mild Steel Standard Square Tool Post 

4 Strain Gauge Copper-Nickel Designed to measure up to 200 kg load 

VI. RESULT DATASHEET 

The result datasheet is displayed in Table 2 along with resultant force data. 
Table – 2 

Result Table 

Depth of 

Cut 

(mm) 

Feed 

(mm) 

Diameter 

(mm) 

Cutting Speed 

(m/s) 

Forces 
Speed 

(rpm) 
Cutting Force 

X (kg) 

Feed Force 

Y (kg) 

Resultant Force 

(X2+Y2)1/2(kg) 

0.5 0.0813 24.5 24.86 18 5 18.68 

360 

1 0.0813 23.5 23.68 32 9 33.24 

1.5 0.0813 22 21.99 49 17 51.85 

2 0.0813 20 20.81 56 22 60.17 

2.5 0.0813 17.5 18.78 61 25 65.92 

VII. COST SHEET 

The cost expenditure of the components used in this setup is displayed in Table 3 given below. 
Table – 3 

Cost Sheet 

Component Quantity Cost per Nos. (₹/-) Total Cost (₹/-) 

Work piece 3 30 90 

Tool Post 1 350 350 

Tool 2 125 250 

Strain Gauge 2 2000 4000 

Microcontroller 1 2500 2500 

 Total 7190 

VIII. CONCLUSION 

The cutting and feed forces are measured by using strain gauge dynamometer is the finest procedure with easy application. From 

the result data it’s been concluded that as the depth of cut increases the cutting force increases as well. The maximum result force 

obtained for maximum depth was 65.92 kg, which was within the designed range. So, the design was safe within given parameters 

which justifies main objective of this research. The setup was built at the total cost of 7190 ₹/-, which concludes that it was a cost 

effective setup. This setup could be useful in production industries as well as in engineering colleges for demonstration in order to 

understand the working and concept of the strain gauge dynamometer. 
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