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Abstract— In this study a drill tool dynamometer that can 

measure cutting force, axial force and torque force by using 

dial gauge has been studied and used. The dial gauges are 

connected to system. As the tool comes in contact with the 

work piece the various force developed are captured and this 

readings are compared on standard deflection force tube to 

know the force value. The force on these material with 

variation in speed are studied Graphs are drawn on how these 

force vary due to variation in speed. 
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I. INTRODUCTION 

Measurement during modern procession techniques are 

carried out from different points of view and hence varities of 

techniques are used.  Generally the interest is either in process 

control or for process improvement.  On this basis the study 

of tool work intersection forces is practically essential for all, 

the chief forming operation. This helps the analysis in the 

following ways: 

1) Effects of speeds and feeds on the action of the drill.  

2) Effect of mechanical properties of work material on 

drilling forces and, 

3) Values of forces exerted on machine components, jigs 

and fixtures and effect of these forces accuracies of 

dimensions achieved on the machined components.    

II. LITERATURE SURVEY 

This thesis presents a study of the thrust and torque generated 

during drilling processes, with emphasis on applications to 

performs on-line monitoring of drilling processes.  Two 

mathematical models are developed for quantitatively 

relating the thrust and torque to the machining parameters and 

drill geometry.  

A model testing is conducted to identify the effect of 

drill structure on thrust and torque generation.  In addition, a 

prototype sensing system is employed to measure the thrust 

and torque in an on-line fashion.  The prototype sensing 

system shows good promise for integration with the 

mathematical model to produce untended systems. 

Analyticall, an unique approach for evaluating the 

thrust and torque generated during drilling processes is 

developed. Mathematical models relating drill bit geometry 

like Point angle, helix angle, drill radius and web thickness 

and cutting parameters (feed rate and spindle speed) are 

established based on machining science.  Specially, a force 

analysis is performed on the geometry of a twist drill.  

Experimentally, a dynamometer for measuring the thrust and 

torque during drilling is designed and fabricated. The sensing 

system variation of the generated thrust is calibrated and 

tested to demonstrate the capability of detecting the dynamic 

variation of the generated thrust and torque. Effects of the 

cutting parameters are investigated and explained through a 

two-level design experimentation. 

The sensing system described in this thesis is a 

prototype of a sensor based drilling system. A strategy for 

implementing such a system on the shop floor is proposed, 

suggesting the direction of future research for achieving high 

quality and productivity with the drilling process. 

This thesis presents a study of the thrust and torque 

generated during drilling processes, with emphasis on 

applications to performs on-line monitoring of drilling 

processes.  Two mathematical models are developed for 

quantitatively relating the thrust and torque to the machining 

parameters and drill geometry.  

A model testing is conducted to identify the effect of 

drill structure on thrust and torque generation.  In addition, a 

prototype sensing system is employed to measure the thrust 

and torque in an on-line fashion.  The prototype sensing 

system shows great promise for integration with the 

mathematical model to produce untended systems. 

Analytically, an unique approach for evaluating the 

thrust and torque generated during drilling processes is 

developed .Mathematical models relating drill geometry 

(Point  angle, helix angle, drill radius and web thickness) and 

cutting parameters like feed rate and spindle speed are 

established based on machining science.  Specially, a force 

analysis is performed on the geometry of a twist drill.  

Experimentally, a dynamometer for measuring the thrust and 

torque during drilling is designed and fabricated. The sensing 

system variation of the generated thrust is calibrated and 

tested to demonstrate the capability of detecting the dynamic 

variation of the developed thrust and torque. Effects of the 

cutting parameters are investigated and explained through a 

two-level design experimentation. 

The sensing system described in this thesis is a 

prototype of a sensor based drilling system. A strategy for 

implementing such a system on the shop floor is proposed, 

suggesting the direction of future research for achieving high 

quality and productivity with the drilling process. 

III. DESCRIPTION 

A. Working of Dynamometer  

During drilling process, thrust and torque forces exerted on 

the work-piece and transferred to the frame and to the frame 

supporting plate. 

Under thrust load, the frame deforms giving the 

magnitude of deformation in terms of dial divisions with 

gauge No.1. 

Torque load has no effect on the thrust frame 

because of its sufficient size in the direction of torque force. 

The effect of the torque force is in turning the frame and its 

supporting plate along with torque arm, until the torque arm 

approaches the cantilever to get deformed. This deformation 

is read in terms of dial divisions with gauge No 2. 

The torque force on the work-piece will be 

transmitted ̀ cent-percent to the measuring cantilever, without 
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any loss in the bearing. Application of rolling type thrust 

bearing supports this assumption. 

It is further assumed that, 

1) The thrust force acting on the bearing will not have 

an appreciable effect on friction-force in bearing, and, 

2) The roller bearing produces a negligible friction 

even in presence of thrust load on the bearing. 

Under these assumptions, the dynamometer 

produces no cross effect of thrust force on torque force 

measurement. 

Similarly, the thrust frame is to be designed for the 

section ‘rigid’ enough to show negligible response to the 

torque force. This avoids the cross effect of torque force. 

 
Fig. 1: working diagram 

IV. DESIGN 

Following are the major part of the mechanical type dail 

gauge dynamometer. 

1) Base 

2) Frame supporting plate 

3) Frame. 

4) Work-holder 

5) Torque arm. 

6) Holder for dial gauge No, 1 (for thrust). 

7) Holder for dial gauge No, 2 (for thrust). 

8) Dial gauge No.1. 

9) Dial gauge No.2 

10) Work-piece 

Fig.1 shows the pictorial view of the dial gauge type drill 

dynamometer. 

A. Base 

C.I. Base is machined on its top and bottom for location and 

accuracy of the dynamometer unit on the machine table. The 

top of the base plate has to receive other components of the 

dynamometer. So, machining on top is an essential thing. A 

semicircular groove is provided on the top for ball of the 

thrust bearing. 

B. Frame Supportng Plate  

This support is cast iron machined all over. A semiconductor 

groove is also provided on the face of the plate, similar to the 

base, to locate balls of the thrust bearing. The thrust frame is 

bolted from the top. 

C. Frame 

The frame is of rectangular size, fabricated from mild steel 

flats. It is rigidly bolted on top of the plate (part no. 2) 

D. Work- Holder  

The work support is of cylindrical box type piece, prepared 

out of M.S. round. It is welded to the top of the frame. 

For work piece clamping, four bolts are provided from the 

side of the box. Clamping action shall be similar to the four-

jaw chuck. 

E. Torque Arm  

Torque arm is bolted on the side of the plate (part no. 2). It is 

free to rotate along with the plate. It operates a strip type 

cantilever deflecting it under torque loads. 

F. Holder for Dial-Gauge No.1 (For Thrust) 

A forted end type holder is used to fit the dial gauge in 

position. 

Further clamping of the dial gauge is done for clamping of 

the plunger-guide. This is to retain the clamped position of 

dial gauge undisturbed. 

G. Holder for Dial-Gauge No.2 (For Torque) 

A similar arrangement is provided for the dial gauge to be 

employed for the torque force measurement. 

H. Dial-Gauge No.1(For Thrust) and for Dial-Gauge No.2 

(For Torque) 

The dial gauge of suitable ranges and accuracy are      selected 

from the available stock. 

I. Work Piece  

To minimize the cost of preparation of test-pieces a simple 

work piece holder was used in this dynamometer. 

1) Mechanical System of Measurement 

In this system the deformation of the sensing member is 

picked up by mechanical linkage and further amplified 

through some amplifying techniques in mechanical 

engineering, such as gear-trains or levers. Sometimes, the 

amplification is obtained through the technique based on the 

principles in hydraulic or pneumatic system. 

Mechanical system of measurement has the following 

characteristics- 

 Suitable for the measurement of static quantity. 

 Large magnification is not suitable, as such as back lash, 

inertia effect, friction, elastic deformation are not easily 

removed. 

 Measurement of transient response is difficult. 

 Power of the generated signal remains the same during 

amplification. So the indicating and recording 

instruments should take least power from amplification 

system to avoid its loading. 

 However, this system is used very often, in the 

measurement of mechanical quantities such as displacement, 

temperature, pressure etc. Dial gauge, differential 

manometer, engine indicator pressure are some examples of 

the mechanical type of measurement, this dial gauge is one of 

the compact and precise instrument and can be used for 

measurement of the small displacement at the plunger. 

Accuracy of the measurement may be obtained up to one 

micron. 
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V. FUTURE SCOPE 

As such the present work itself is a result of many gradual 

developments in the field of dynamometers. But there is 

always a room for modification in this changing world. Here 

also some modifications are mentioned are as follows: 

To obtain more deflection at smaller forces we may 

materials with greater ductility as the frame material. Work 

piece holder may be replaced by a simple vice which gives 

better clamping of any desired shape of work piece material. 

To show the deflection we can use digital system instead of a 

dial gauge indicator which gives results with high accuracy. 

Here we can also make use of microprocessors based sensors, 

as sensing devices. This will give as a instrument of high 

accuracy & faster response. 
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The dynamometer is designed and fabricated as a dial gauge 

type drill dynamometers. The instrument is precisely 

calibrated and tested. The inference is drawn by various 

drilling test conducted on various materials & on same 

material with different conditions and their careful study. The 

conclusion so obtained is as follows: 

A. Effect of Cutting Conditions On Drilling Forces 

1) Effect of Drill Diameter On Drill Forces- The drilling 

forces are seen to increase with increase in drill 

diameters, keeping the other cutting conditions constant. 

2) Effect of Feed Rate On Drill Forces- Drilling forces are 

seen to increase with increasing feed rates. It is seen that 

the rate of metal removal increase with increase of either 

the drill size or the feed rate & hence, the drilling forces 

increase proportionately. 

B. Effect of Web On Drilling Forces 

1) Effect of Web On Thrust Component 

It is seen that the thrust force increase with decrease in pilot 

drill size. The theoretical values of thrust force are larger than 

the experimental results for small drill sizes. 

2) Effect of Web On Torque Component 

It is seen that the torque component increases with decrease 

in the size of pilot hole. The ratio of torque values without 

pilot holes & with pilot hole of web size is nearly one for all 

drill sizes i.e. web has negligible effect on drilling torque. 

C. Effect of Ductility On Drilling Forces 

1) Effect of Ductility On Thrust Component 

It has been observed that the thrust component decrease with 

the increase in ductility. This is because the matching of 

ductility material is easy. 
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