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Summary 
Drilling is a standard process for producing holes in metal materials. With an increased hole depth 
the demands increase on both machine and tool. Deep hole drilling is a complex process which is 
characterized by a high metal removal rate and hole accuracy. A hole deeper than ten times the 
diameter can be considered a deep hole which requires a specialized drilling technique. During a 
deep hole drilling process, the forces generated on the deep hole drill give a rise to a resultant radial 
force. The resultant radial force pushes the drill in a radial direction during a drilling operation. The 
radial force direction is of crucial importance in regard of tool guidance, stability and hole size 
accuracy. This force affects tool performance, reduces tool life and has an impact on the bore 
surface. 

Due to the complex nature of deep hole drilling, Sandvik Coromant wishes to get a better 
understanding of how their current deep hole drilling tools are balanced. The purpose of this study is 
to conduct a survey of a number of drills of Sandvik Coromant deep hole drill assortment. The main 
aim of this study is to calculate and measure the resultant radial force generated during a deep hole 
drilling operation. The forces are calculated with the aid of a calculation program and test-runs on a 
number of drills.  

This report presents the calculated magnitude and direction of the resultant radial force during 
entrance, full intersection and at the exit of the workpiece. In addition to the measured values of the 
resultant radial force during entry and full intersection. Four different drill geometries are evaluated 
which of two are competitor drills. A deep hole drill geometry is re-modified in aspect to drill stability 
based on the outcome of the measured and calculated results.  

The results acquired from the performed calculation and measurements of the resultant showed that 
the resultant radial force acts in an angular direction that was outside the range between the support 
pads. This true for three of the four evaluated drill geometries. There were minor differences 
between the measured and calculated forces which enforce the reliability of the used calculation 
program. The modified drill geometry of a deep hole drill gave an indication of which geometry 
variables have impact on the resultant radial force magnitude and angular direction. 

The data presented in this report can be a base for future development of a deep hole drill tool 
geometry in regard to the resultant radial force. Variables affecting the calculated results and the 
resultant radial force are presented and discussed. The study is concluded with suggestions of future 
work based on the acquired data. 
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1. Introduction
This chapter introduces the subject of the thesis and describes the process of deep hole drilling 
regarding the resultant cutting force and tool stability. A purpose is formulated, followed by research 
questions that will answer to the purpose of the study. This chapter will be concluded with a section 
presenting the imposed delimitations to make the study feasible. 

1.1. Case Study: Sandvik Coromant AB 
Sandvik Coromant is a world-leading supplier of tools and tool solutions to the metalworking 
industry. The core of the business at Sandvik Coromant in Sandviken is research and development. 
The department CDRL is a new department where the focus lays on deep hole machining including 
development of deep hole drilling tools.  

Due to the complex nature of deep hole drilling and the current challenges that exists, Sandvik 
Coromant wishes to get a better understanding of how their current tools are balanced. In order to 
achieve this it is necessary to go through their product assortment and map the direction and 
magnitude of the radial force. From a comparative point of view this thesis will include deep hole 
drilling tools from other companies.  

1.2. Drilling 
Drilling is a standard process for producing holes in metallic materials. Spiral drilling is a common and 
well-known method to generate holes. A spiral drill, Figure 1, consists of two main cutting edges and 
a small chisel edge. The forces developed during a drilling operation are the cutting forces, a pair of 
tangential forces, acting at the cutting edges, see Figure 1. These forces are the acting radial forces 
which are of identical magnitude and counter-balance each other. The location of the drill tip and 
how the cutting edges are distributed on a drill head characterize whether a drill is balanced or 
unbalanced. When the drill tip is located in the center of the drill head an even distribution of the 
cutting edges is achieved. Symmetry is obtained, resulting in the generated forces balancing each 
other. Thus no radial or transverse force is developed during an ideal drilling process. 

Deep hole drilling is a complex process which is characterized by a high metal removal rate and hole 
accuracy. The tool used for a deep hole drilling process is illustrated in Figure 2. The process is used 
when machining holes with a relatively large depth to diameter ratio. When the hole depth 
increases, the demands on both tools and machining techniques increase [1]. A hole deeper than ten 
times the diameter can be considered a deep hole which requires a specialized drilling technique [2]. 
In deep hole drilling the cutting depth may reach a hole to diameter ratio of 150:1.  

Figure 2. Deep-hole drill body.Figure 1. Forces in a balanced drill [1]. 
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Some difficulties regarding deep hole drilling are to overview the various forces acting on the drill 
during a deep hole drilling operation. A simplified picture of a deep hole drilling tool and the 
direction of the forces acting on the cutting edges is illustrated by Figure 3.  

An unbalanced drill is characterized by an unsymmetrical distribution of the cutting edges on the drill 
head. The asymmetrical distribution of cutting edges gives arise to a resultant radial force which 
pushes the drill in a radial direction during a drilling operation. To counter-balance the resultant 
radial force and stabilize the tool, the tool is supplied with a number of pads. The main role of the 
pads is to absorb the resultant radial force generated by the cutting edges and stabilizing the tool.  

The resultant radial force affects the performance of the tool, it reduces the tool life and has an 
impact on the bore surface. Furthermore, the radial force direction is of crucial importance in regard 
of tool guidance, stability and hole size accuracy [3]. Therefore it is important to understand the 
forces generated during a drilling operation. By understanding the magnitude and angular direction 
of the resultant radial force the tool can be evaluated. Furthermore the position of the inserts and 
pads can be optimized in relation to the resultant radial force to create a more stable tool.  

1.3. Purpose 
The purpose of this study is to conduct a survey of a number of drills of Sandvik Coromant deep hole 
drill assortment. The main focus of the survey lies on calculating and measuring the resultant radial 
force acting during the drilling process phases: entrance, full intersection and exit. The aim includes a 
comparison of the results obtained from calculations with experimental test-runs performed at 
Sandvik Coromant workshop. This to provide an assessment of how the current tools are balanced 
and also to assess the program used for calculations. 

1.4. Research questions 
The study revolves around three research questions: 

I. What is the direction and magnitude of the resultant radial force during entrance, full 
intersection and at the exit of the workpiece? 

II. Are there significant differences between the calculated results and the measured
results? If so, what is the reason for these differences?

III. Why do some products and some dimensions work better than other dimensions? Can
this be explained by the calculations and analyzes?

Figure 3. Forces acting on a deep hole drill. The orange arrows illustrate the acting forces on inserts 
and pads and the red arrow illustrates the acting resultant radial force. 
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1.5. Delimitations  
A number of delimitations are imposed on the study to make the survey feasible during the intended 
timeframe:  

• The resultant radial force will only be calculated during three phases of the deep hole drilling
process: entrance, full intersection and exit from the workpiece.

• The resultant radial force can only be measured during the entrance phase with the used
measuring equipment.

• The tools evaluated will be from Sandvik Cormant drill product assortment, deep hole drill
CoroDrill800 and CoroDrill808.

• Only Griffith’s force model for deep hole drilling [4, 5] will be used to illustrate the acting
forces on a deep hole drill during a deep hole drilling process.

• Only calculation programs and other software developed within the company will be used for
the calculations.
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2. Methodology
This chapter describes the methodology used to answer to the purpose and the research questions 
imposed on the thesis. The data required for the survey and the choice of research strategy are 
presented. The aim of this chapter is to present the chosen strategy and the incentives for the elected 
approach.  

2.1. Research strategy 
A working plan was compiled as an initial step in the research process. The study was divided into 
four phases which summarize the extent of the thesis’ scope, Table 1. The working plan was a 
defining factor for the chosen data collection method. The approach used to come to a conclusion 
was based on the required data, data acquired by conducted calculations and measurements of the 
test-runs.  

Table 1. Working plan. 

Phase Description 

I. 
Pre-study and 
selection of area 

Previous research both within the company and from external 
sources are studied and reviewed. 

Selection of products to evaluate and method of calculation. 

II. 
Tests and 
experiments 

Perform calculations on the selected products for evaluation and 
conduct test-run of the selected products. 

III. Comparison of 
results 

Correlate the output from the calculated data to the measured 
data from the conducted tests.  

IV. 
Results and 
conclusions 

Documentation and compilation of obtained results. 
Summarizing, illustrating the acquired results. Oral presentation 
of the acquired results. 
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2.2. Required data 
To fulfill the purpose of this study a substantial amount of data was required. The required data was 
based on the imposed research questions, see Table 2. Each presented phase involves a number of 
questions depending on the imposed research question. The data gathering was built on the study of 
previous research conducted at the company and by external sources [6, 7]. The purpose of the pre-
study was to build a knowledge base on the subject of deep hole drilling, including both tool 
geometry and the drilling process. The calculated and measured results were assessed upon the build 
knowledge base. 

Table 2. Required data during each phase of the study. 

Phase 1 
Pre-study 

Phase 2 
Calculations and test-
runs 

Phase 3 
Comparison of results 

Phase 4 
Results and 
conclusions 

Research question I 
What is the direction and magnitude of the resultant radial force during entrance, full intersection 
and at the exit of the workpiece? 

Describe deep-hole 
drilling. 

Which variables are 
required for the 
calculations? 

Which is the best 
method of 
visualization? 

Which variables 
affect the outcome of 
the calculation? 

Study the forces 
generated during a 
deep hole drilling 
operation, emphasize 
on the resultant radial 
force.  

What is the influence 
of the variables used 
for the calculation? 

On which point do the 
results differ? 
Magnitude, direction,  
variables etc. 

Study the selected drill 
geometries. 

Research question II 
Are there significant differences between the calculated results and the measured results? If so, 
what is the reason for these differences?  

What are the 
differences in the 
selected drill 
geometries?  

Are there additional 
variables to take into 
account for the 
measurements of the 
test-runs? 

On which points do the 
results differ? 

How significant are 
the differences? 

Can the differences be 
correlated to the input 
variables? 

Which variables 
affect the outcome of 
the experiments? 

Research question III 
Why do some products and some dimensions work better than other dimensions? Can this be 
explained by the calculations and analyzes?  

Which dimensions work 
better? 

Do some products 
show good/bad 
values? 

Which values of the 
resultant radial force 
can be viewed as 
unsatisfactory?  

Are there significant 
differences between 
the dimensions? 
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2.3. Data Collection Methods 

2.3.1. Literature Review 
The purpose of the pre-study phase was to build a knowledge base. The foundation of the pre-study 
phase consisted of a literature review. The focus of the literature review was the acting forces on a 
deep hole drill, the deep hole drilling process and acting resultant radial force. Literature and articles 
were chosen based on previous work on the subject of deep hole drilling. Metal cutting theory was 
imperative part to understand the conducted calculations and further how the tool operated. 
Furthermore the literature used was compared with the theoretical base used on previous work 
conducted at the company. Mainly two studies conducted at the company have been of a main 
influence for this thesis. The more influential of the two has been the base for the conducted 
calculations and also the creator of the calculation program used. 

2.3.2. Calculations 
Several forces act simultaneously on a drill during a drilling operation, to simplify the calculation a 
calculation program was utilized. Based on empirical formulae the program calculated the forces 
acting on a deep hole drill head. The forces were presented in a Cartesian coordinate system. The 
calculation program was developed at the company and was based on a previous study conducted at 
the company. The force calculations were performed by the program through the input of 
geometrical variables. The forces acting on the drill were presented by the program as a simplified 
system of separated force components. A more thorough description of how the program calculates 
is presented in Appendix A (confidential due to contents).  

Geometrical variables 
The necessary variables to conduct the calculation were acquired by measuring the drill heads. 
Measurements were acquired from three-dimensional models of the observed drills. Competitor 
drills were scanned and converted to into three-dimensional models on where the measurements 
were conducted. The measurements were obtained by measuring the model in NX Unigraphics CAD 
(Computer Aided Design) software. 

Mainly two drill components were taken in to account for the calculations, namely the inserts and 
pads on each drill. The angular placement relative to the cutting edge of each of the inserts and pads 
was measured for each drill. Other parameters of importance were the entering angle of each insert 
and the cutting width. For further description of parameters used see Appendix A (confidential due 
to contents). 

2.3.3. Experimental measurements 
To evaluate and compare the results acquired from the calculation program a test-run of the selected 
drill heads was performed. This to assess the results from the calculation program to a non-
theoretical source. The main aim of the test-run was to re-create the entering and full intersection 
phase and measuring the forces generated during these phases. The test-runs were performed at the 
company’s workshop.  

2.4. Research Quality Concern 
Validity and reliability are prerequisites in order for the results to be able to be generalized and 
applied to instances other than those investigated. Validity refers to how the measurement is 
consistent with what is measured. Reliability implies that the results are acquired (measured or 
observed) in a reliable manner, meaning that no uncontrolled variables affects the outcome. In a 
quantitative research reliability is equal to reproducibility [8]. This study can only be conducted with 
the aid of the program developed at the company. This making it difficult to assess the reliability of 
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the study. Also the validity of the study suffers due to the ability of conducting similar experiments 
with similar conditions. To increase the reliability and validity of the thesis all the used variables and 
formulae are presented. 
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3. Theoretical framework
This chapter describes the key theory used to conduct the drill survey. The main focus is to describe 
the resultant radial force and its components. The deep hole drilling method is described with the 
basic principles of drilling theory and empirical formulae. The used variables and their influence are 
described. 

3.1. Deep hole drilling 
Deep hole drills are used to produce bore holes with high length to diameter ratios [9]. A 
characteristic feature for deep hole drilling heads is the cutting edges which are distributed on a 
number of inserts located on both sides of the centerline of the drill [10]. The different components 
of a deep hole drilling tool is illustrated in Figure 4. 

1 Center-insert  
2 Intermediate-insert 
3 Peripheral-insert  
4 Guide-pad 
5 Support-pad 
6 Land face 
7 Pad lag 
8 Back taper  
9 Chip-mouth 

10 Boring tube 

Figure 4. Description of the components of a deep hole drill. 
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The cutting edges on a deep hole drill are divided into three sections. From the center of the drill, the 
inner edge, the intermediate edge and the outer edge. The center insert Figure 4 (no 1) is placed on 
the inner edge, on the intermediate edges the intermediate insert Figure 4 (no 2) and the outer edge 
which is the peripheral insert Figure 4 (no 3). The inserts are positioned to obtain an overlap. The 
asymmetric design gives an unbalance in the generated cutting forces, generating a resultant radial 
force which pushes the drill in a radial direction. In order to absorb the resulting radial cutting force, 
the drills are provided with pads Figure 4 (no 4 and 5). The pads absorb and help to counter-balance 
the resultant radial force. The placement of the pads has a considerable effect on the stability of a 
drill. The pads are located approximately 90 and 180 degrees clockwise from the cutting edge, Figure 
4 (no 3). The pads are set back in the longitudinal a distance from the outside corner of the cutting 
edge. This distance is referred to as the pad lag length, Figure 4 (no 7). The pad lag is the clearance 
given to the cutting edge before the pads contact the bore to prevent the pads from interfering with 
the cutting action of the cutting edges [3].  

3.1.1. Self-piloting action 
Self-piloting tools are characterized by the occurrence of burnishing action of the pads on bore hole 
surface. The self-guidance ability of a deep hole drilling tool is provided by the pads rubbing against 
the bore wall, creating reaction forces to the cutting forces generated by the inserts [6]. The cut 
surface is deformed as the pads burnish the wave peaks and extrude the material into the valleys [3]. 
The burnishing action causes a rubbing force over the length of both pads which contributes to both 
drill stability and hole straightness [4].  

3.1.2. Chip evacuation system 
For a deep hole drilling tool the increased hole depth increases the difficulties with chip evacuation 
due to the limited space for chips so pass through. Chip geometry and fluid pressure are critical 
factors to achieve a well-functioning drilling process [10]. The aim is to remove the chips from the 
cutting edges without causing damage to the tool or workpiece. Different systems are developed for 
that purpose. The bore surface of a bore hole made by a spiral drill can be of low quality and rough 
integrity. This is due to the chips having contact with the hole walls when been evacuated from the 
hole. 

The chips generated during the drilling operation are evacuated from the hole by the cutting fluid 
flowing internally in the drill tube. By a combination of both chip-breaking geometry and feed a 
satisfying chip-shape can be achieved for best chip evacuation [10].  

Cutting oil 
The cutting fluid used during a drilling operation serve as a coolant and lubricant for the edges and 
pads [10]. The cutting oil generates oil pressures and forces acting on the drill tool. The oil forces are 
caused by the circulating the cutting oil at high pressures and flow rates oil during a drilling operation 
[4]. The cutting oil used in deep drilling operation has to perform the following functions: 

- lubrication of the cutting edges and the pads and preventing the formation of 
built-up edge, 

- cooling of the cutting edges and the pads, 
- chips clearance and transportation and 
- damping the vibration of tool-boring bar assembly [6]. 
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Single Tube System (STS) 
Single Tube system (STS) and Boring and Trepanning Association (BTA) system are different names 
for the same system. The system is based on an external cutting fluid supply and an internal chip 
evacuation, Figure 5. The cutting fluid is supplied through the space between the drill tube and the 
drilled hole, while the cutting fluid pressure flushes the chips back out through the drill tube [11].  

A higher flow of cutting fluid can be achieved through the drill tube with a STS-system. This 
improving chip evacuation capacity. The system can only be used in a deep hole drilling machine 
systems due to the necessity of a seal for the supply of cutting fluid.  

The Ejector System 
The ejector system consists of a drill head, outer tube, inner tube, connector, collet and sealing 
sleeve. The drill is connected to an inner and outer tube, the cutting fluid is supplied through the 
space between the tubes [2, 12]. The cutting fluid is pushed through the hole in the drill head. A part 
of the cutting fluid is diverted back through the inner bar, Figure 6, and through the venturi-holes 
which cause the ejector-effect. The ejector-effect flushes out both the cutting fluid in the drill tube 
and the chips back into the inner bar and through to the outlet [10]. 

The major advantage with an ejector system is the systems compatibility with both new and older 
machine systems. This is possible because the universal lathe, the cutting fluid can both be supplied 
and be removed through the bore bar without the necessity of a seal [10]. The major advantage of 
the ejector system causes a lower oil flow. The limited space for the chips to pass through results in 
the system have a poorer capacity of chip evacuation.   

Figure 6. Illustration of an Ejector system for chip and fluid evacuation during a deep hole 
drilling process. 
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3.1.3. Drilling process 
A drilling operation can be divided into a number of phases. Each phase describes the drilling process 
from pre-drilling to exiting the workpiece. Figure 7 illustrates the different parts of a deep hole 
drilling machine.  

Phase A – Pre-drilling phase, the drill is rotating in the pilot bush with the drill moving towards the 
workpiece (feed) and the oil circulating through the system. The drill bushing is located as close to 
the workpiece as possible, its purpose is to support and guide the drill while entering the workpiece 
[14]. The intermediate support, see Figure 7, serves as a steady rest, extra support is provided 
depending on the length of the workpiece [4]. 

Phase B – Entering the workpiece, the tool-head is supported in the pilot bushing, see Figure 7. The 
cutting force builds up, self-piloting conditions exist as the cutting forces push the pads against the 
pilot bushing bore.  

Phase C – Stable cutting forces, the whole cutting length is acting on the workpiece. The diameter of 
the drill is smaller than the pilot bushing diameter and is a function of the difference between the 
drill and the bush diameters and the transverse compliance. This phase occurs over the pad lag 
length.  

Phase D – When the pads leave the pilot bushing, the tool is then supported on the bore wall by the 
margin of the cutting edge, the peripheral insert and the guide pads [4, 15]. The self-guidance action, 
burnishing and indentation action commences as the pads enter and have contact with the 
workpiece [4]. 

Phase E – Steady state condition, stable self-piloting conditions exists. 

Phase F – Breakthrough as the drill point initially breaks through the workpiece, the cutting forces 
decrease to zero making the burnishing forces also decrease to zero. This phase could be subdivided 
further as per the entrance phase. 

Phase G- Post-drilling with the drill continuing to feed forward and the oil circulating [4]. 

Figure 7. Drilling machine system and its components [13]. 

Cutting fluid 

Spindle 

Intermediate support 

Pilot bushing 

Workpiece 
Oil supply 
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3.2. Cutting force system 
Separating the various forces acting on the drill is difficult due to their interdependent action. In total 
23 separated forces that act simultaneously on a drill during a drilling operation [4]. 

. 

A simplified system of the forces acting on a drill during a drilling operation can be illustrated in 
Figure 8. The force system is simplified by dividing the acting forces into four main groups, Table 3.  

Table 3. Simplified force system, index T, F and R describe the direction of the forces: F axial, T tangential and R radial [4]. 

Force groups Index Description 

1. Cutting forces PT, PF, PR Forces generated at the cutting edges.

2. Burnishing forces BT, BF, BR

The forces act at the front of each pad and at the land face of 
the peripheral insert. The burnishing force magnitude depends 
on the workpiece material, tool material, tool wear and factors 
relating to the tool design e.g. back taper and location of the 
cutting edge and pads [4]. 

3. Friction and/or
rubbing forces

FT, FF, FR 
The forces acting along the major part of the pads and land face. 
High temperatures are generated in the metal cutting zones and 
high friction forces arises between the tool and the workpiece 
[4]. 

4. Oil forces OT, OF 
Forces caused by the oil circulation at high pressures and flow
rates [4]. These forces not included in the calculations. 

Figure 8. Force acting on a drill during a drilling operation [4]. 
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3.2.1. Cutting forces 
Three advantages of deep hole drilling are high removal rate, the production of precision holes and 
good surface integrity. Surface integrity refers to the nature of the manufactured surface. It includes 
surface texture in addition to surface metallurgy [16]. These three advantages can be related to the 
three actions:  

• metal removal at the cutting edge,
• the friction and
• burnishing at the pads [5].

The base principle of the cutting edge geometry of a drilling tool is similar to turning and milling. The 
theory for turning and milling is therefore applicable in deep hole drilling [14]. The forces generated 
when feeding the drill down towards the workpiece creates a shearing action in the workpiece, 
Figure 9. The chip area is deformed from a nominal thickness of hm to a thickness of h2 as a result of 
shear in the shear zone. The forces acting on the cutting edge can be derived by taking the cutting 
edges rake and clearance angle into account, see Figure 10. 

The shear force, which acts along the shear plane, is the resistance to shear of the metal in forming 
the chip. The rake angles vary along the cutting edge and depend the design variables of the tool 
such as the inclination angle, point angle and radius, see Figure 10. Hence the location of the cutting 
inserts on the drill head, the geometry variables and chip thickness vary along the cutting edge of the 
insert. From the point of force calculations, the important features of a cutting element of self-
piloting tool are described by the variations of cutting speed, rake and flank angles along the 
element’s cutting edge see Figure 11 and Table 4 [18].  

Figure 11. Definitions of a deep hole drill geometry [14]. 

Figure 10. Variation of angles in deep hole drill 
geometry [14]. 

Figure 9. Shear plane zone, where hnom is the nominal 
thickness, h2 is the real chip thickness and ф is the shear 
plane angle [17]. 

Table 4. Description of angles and geometry [14]. 

Point angle - nominal 
chip 

 

hm 
Edge angle ε Chip thickness h2 
Entering angle α Diameter Dc 

Cutting length 𝒂𝒂 shear plane 
angle ф 

Rake angle 𝜸𝜸𝟎𝟎 Feed angle ω 
Clearance angle - 

Chip-area Clearance 
surface 

Rake surface 

Tool 

hm 

h2 

Nominal chip-area 
ф 

hm 

Edge angle 

Rake angle 

𝜶𝜶 −𝝎𝝎 

Feed angle 𝝎𝝎 

𝑎𝑎3 𝑎𝑎1 𝑎𝑎2 

Dc 

Point 
angle 

Entering angle 
Central insert 

Entering angle 
Peripheral insert 
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Forces generated during a drilling process can be simplified to three main acting forces on the 
inserts: the axial force (feed force), the radial force and the tangential force (cutting force). The 
forces presented in Figure 12 a) and b) are defined as components in the X-, Y- and Z-axis which 
represent the axial 𝐹𝐹𝑧𝑧, radial 𝐹𝐹𝑟𝑟 and the tangential 𝐹𝐹𝑡𝑡 force. Unlike the axial force presented in the 
Griffith force model, the axial force illustrated in Figure 12 b) is indexed with a Z instead of an F for 
feed. This to clarify how the axial force acts and not confuse the axial force with the friction force. 

The axial force, Equation (1), is generated from feeding the tool down on the workpiece causing an 
opposite force, the feed force. Simplified, the distribution of the forces on each insert is dependent 
on two features of the cutting edge, the cutting width and entering angle of each insert: 

𝐹𝐹𝑧𝑧 = 0.65 ∙ 𝑘𝑘𝑐𝑐 ∙ 𝑓𝑓 ∙ 𝑎𝑎𝑛𝑛 ∙ sin𝛼𝛼𝑛𝑛, (1) 

where 𝑘𝑘𝑐𝑐 is the specific cutting force, 𝑓𝑓 is the feed, 𝛼𝛼𝑛𝑛 is the entering angle where index n represents 
the cutting edge number. The empirical coefficient 0.65 takes the friction forces generated by the 
pads into account. The formula for the axial force without the influence of the pads is multiplied with 
a lower empirical coefficient [2].  

Entering angle, αn 
The entering angle, indexed as αn, of each insert affects the amplitude of the axial force acting on 
each insert. The axial force acting on each insert can be viewed as the resultant radial force of the 
force components on the Z- and X-axis, i.e. the radial force and the axial force. The magnitude of the 
radial force acting on each insert is affected by both the entering angle and the magnitude of the 
axial force. Both the entering angle and the point angle affect the torque. A large entering angle in 
combination with high feed increases the torque. A large point angle results in a low torque [14]. 

Active cutting length, an 
The active cutting length of each insert is the length of the insert that cuts the material. The 
magnitude of the axial force distribution on each insert depends on each of the inserts’ cutting 
length. The axial force distributed on each insert is dependent of the cutting width of each insert, 
increasing with the cutting width [6]. 

Figure 12. a) Radial- (green arrows) and tangential (red arrows) forces acting on inserts. b) Radial (green 
arrows) and axial-forces (blue arrows) acting on inserts. The yellow arrows, a) and b), illustrate the forces 
acting on the pads, the red marked area illustrates where the force act on the pads during a drilling 
operation [14]. 
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The specific cutting force 
The tangential force, 𝐹𝐹𝑡𝑡, Equation (2), is the main cutting force acting on the insert and it is referred 
to as the cutting force, 𝐹𝐹𝑐𝑐. The value of the cutting force, the tangential force, is imperative for 
further calculations, it is used to calculate the required power, torque and shear force [10]: 

the specific cutting force, kc, is defined as the tangential force required to cut a chip with a cross-
section of one square millimeter of the effective cutting force divided by the theoretical chip area 
[19]. The specific cutting force, Equation (3), is a measurement of the machinability for a particular 
area with a determined rake angle and chip thickness [1, 19]: 

where 𝑘𝑘𝑐𝑐1 is a correction factor of the specific cutting force. It is the force needed to cut a chip area 
of 1 mm2 with a mean chip thickness of 1 millimeters, hm mean chip thickness, 𝛾𝛾0 rake angle and mc is 
a non-dimensional material-dependent constant which describes the increase in the specific cutting 
force as a function of the mean chip thickness, see Figure 13. A smaller chip cross-section increases 
the value of the specific cutting force. The value kc1 is used for a neutral cutting edge, a rake angle 
equal to zero [10, 19]. 

For each increased degree of the rake angle the specific cutting force is reduced by 1 to 1.5 percent 
[10, 14]. In consequence, both chip breaking and cutting forces are affected by the nominal chip 
thickness.  

The specific cutting force must be corrected in relation to the rake angle. Therefore, the specific 
cutting force should be corrected 1 percent for every degree of change of the rake angle. A greater 
rake angle results in a smaller specific cutting force [14]. The specific cutting force is reduced when a 
higher value of cutting speed is used. A higher value of feed also reduces the specific cutting force 
[10]. 

𝐹𝐹𝑡𝑡 = 𝐹𝐹𝑐𝑐 = 𝑘𝑘𝑐𝑐 ∙ 𝑓𝑓 ∙ 𝑎𝑎𝑛𝑛, (2) 

𝑘𝑘𝑐𝑐 = 𝑘𝑘𝑐𝑐1 ∙ ℎ𝑚𝑚
−𝑚𝑚𝑐𝑐 ∙ �1 −

𝛾𝛾0
100

�, (3) 

Figure 13. Correction of the specific cutting force [19]. 
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Correction of the specific cutting force for deviations from the mean chip thickness is expressed in 
Equation (4),  

𝑘𝑘𝑠𝑠𝑚𝑚 = 𝑘𝑘𝑐𝑐 ∙ �
0.4
ℎ𝑚𝑚

�
0.29

, (4) 

where 𝑘𝑘𝑠𝑠𝑚𝑚 the corrected specific cutting force with respect to the deviations from the mean chip 
thickness. The calculated values are based on a mean chip thickness, hm, of 0.4 millimeters and a 
positive rake angle of 6 degrees. The value of the specific cutting force changes depending on the 
placement of the insert on the drill head. The value of the specific cutting force increases towards 
the center insert. 

Global and local specific cutting force  
The specific cutting force is dependent of the cutting speed, which is different for each of the inserts. 
The cutting speed, vc, is dependent on the drill diameter,𝐷𝐷𝑐𝑐, and is decreased from the periphery 
inwards toward the drill center: 

where n is speed in rpm and the cutting speed, vc, in meters per minute. The cutting speed is zero in 
the center of the drill head. The cutting edge consequently works ineffectively at the center of the 
drill. The order of entrance of each insert in combination with the distance from the drill head center 
increase the torque and required power. Normally the order of entrance is as illustrated in Figure 14, 
where the center insert is first, the intermediate insert second and the peripheral last. The cutting 
force is defined depending on the placement of the insert. To correct the specific cutting force acting 
on each insert, the defined global cutting force, meaning the set value of the cutting force, value is 
multiplied with a correction coefficient creating the local specific cutting force [6]. The coefficient can 
be specified depending on the number of inserts to best fit the special cutting force acting. 

The value of the cutting force is greater in the inner diameter, on the center insert where the cutting 
speed is close to zero. The correction factor decreases for the intermediate insert and the peripheral 
insert does not need to be corrected due to the full diameter length, see Figure 15. 

𝑣𝑣𝑐𝑐 =
𝜋𝜋 ∙ 𝐷𝐷𝑐𝑐 ∙  𝑛𝑛

1000
, (5) 

2 
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1 3 

Figure 14. The cutting action of the inserts on the 
workpiece depending in the order of intersection. 
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Figure 15. Local specific cutting force for each insert 
[6]. 
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Chip breaker geometry 
The chip shape is of significance during a deep-hole drilling operation because the chips must be 
small enough to exit through the chip mouth and into the inside of the drill tube [3]. Chip breaking is 
influenced by the workpiece material, tool geometry, cutting speed, feed and cutting fluid [14]. Due 
to the decrease of the cutting speed from the peripheral insert to the center of the drill head, the 
peripheral insert produces longer chips than the center-insert [14]. Poor chip evacuation can result in 
chip jamming that causes damage to both drill and workpiece. To achieve a satisfying and even chip 
evacuation the cutting widths of the inserts vary from largest in center to smallest for the peripheral-
insert, see Figure 16. 

The effect of chosen cutting data  
The choice of cutting data can affect the machined hole in different ways. For instance, the choice of 
feed and cutting speed affect the hole quality including surface finish, roundness error and run-out. A 
lower cutting speed in combination with the reduced clearance angle towards the drill center 
increases the risk of rubbing between the tool and the wall of the hole.  

The surface quality finish is improved by an increase in speed and feed. However, an increase of 
either of these parameters leads to a higher wear rate of the tool. Drilling with high speed creates 
deeper feed grooves which deteriorate the surface finish despite better smoothening effect by the 
pads. Drilling with low feed does not produce enough pressure on the hole wall by the pads, creating 
poor surface finish due to insufficient burnishing action. Greater roughness of hole surface is created 
at low cutting speeds due to tearing of work material and to formation of built-up edge on some 
carbide grades [6]. 

3.2.2. Burnishing and friction forces 
The supporting force acting on each of the pads depends both the magnitude and the direction of 
the acting resultant radial force. The support pad carries the cutting force with the pad opposite the 
cutting edge acting mainly as a stabilizing pad [7]. The support pad transmits most of the cutting 
force to the bore wall [3]. This is because the angular position of the resultant radial force is closer to 
the support pad. The magnitude and angular position of the resultant force on the pads can be 
viewed as a function of 

- the tangential force of each insert, 
- the radial force of each insert, 
- the angular position of each insert, 
- the coefficient of friction at the pads and 
- the angular position of the pads. 

Figure 16. Chip breaker geometry, b describing the chip breaker width, the width decreasing from the 
outer diameter into the center of the drill head [14]. 
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The interdependent influence of cutting and burnishing processes is thought as one of the prime 
factors affecting the quality of the machined holes [5]. The combined drilling and burnishing action 
produces a plastically deformed surface layer [3]. During a deep hole drilling process the burnishing 
action at the front side of the pad is responsible for the surface integrity. The rubbing action of the 
pads is for most part responsible for the hole quality [16]. Pads both indent and burnish the bore wall 
surface giving it a smooth surface finish. Furthermore the pads are inclined (back tapper) meaning 
that the rear ends of the pads are not in contact with the bore surface. The pads indent the bore 
surface at their front edge. The burnishing action by the pads commences after the drill is deep 
enough to overcome the pad lag [4]. The pads have a smoothing and stabilizing effect as they press 
against the hole surface and increase hole straightness [4]. 

The magnitude and direction of the reaction forces on the pads can be viewed as an indicator of the 
quality of the cutter guidance [16]. For a uniform and steady drilling process the pads must keep the 
tool in a stable position. The placement of the pads affect the stability of the drill. The configuration 
and position of the pads affect the optimum surface finish of the hole [6]. If the position of the 
cutting edge and guide and support pads are not optimized, the drill will create spirals in the hole 
surface, or wear out fast. If the resultant radial force acts too close to the support pad, the pressure 
on the support pad will increase causing increased wear of pads which could result in an oversized 
hole [14]. 

Coefficient of friction [17] 
The friction forces which arise due to the use of support pads will give a torque contributing to the 
total drilling power. The value of friction affects the resistance between the pads and the workpiece, 
affecting the power requirement. The value range of the coefficient of friction varies in different 
studies depending on observed tool. The same linear relationship between pad normal and 
tangential forces is assumed other studies, referred to as the tangential friction coefficient. The 
observed values were measured. The value of the coefficient of friction chosen for the calculation is 
0.2. The observed values that lay as foundation for the chosen value of friction of this study ranges 
between 0.13 and 0.27. 

Resultant radial force 
The magnitude and angular direction of resultant radial force affect the stability of the tool. The 
angular position of the resultant radial force should be closest to the pad adjacent to the cutting 
edge, i.e. the support pad, see Figure 17 (no 1). The support pad transmits most of the cutting force 
to the bore wall. The pad opposite to the cutting edge, the guide pad Figure 17 (no 2), acts as a 
stabilizing pad [3].  

Figure 17. The angular position of the resultant radial force relative to the imposed X-axis. 
Where 1) Support pad and 2) guide pad. 

1 

2 
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The aim is to obtain a resultant radial force that exerts enough pressure onto the bore wall which 
would prevent: 

• separation of the pads from the bore wall,
• tool-run-out,
• deviation and
• poor surface finish of the bore wall.

An optimized angular value of the distance between each pad and the resultant radial force is not 
determined. Due to fluctuations of the cutting force components, e.g. caused by the cutting edges 
variation in both entering angle and active cutting width while entering the workpiece, the direction 
and magnitude of the radial force may vary during entrance and exit. The variation of the direction of 
the resultant radial force should be maintained at all times within certain angular limits. Mainly 
laying in an angular position between the pads. The direction of the resultant radial force is of crucial 
importance with regard to tool guidance, stability and hole size accuracy [3]. 

3.2.3. Torque and power requirement 
Equation (6) describes the total torque in a drilling tool. Summarizing both the cutting torque, 
indexed as Tc, and the friction torque, indexed as Tμ, which is caused by the pads. The torque is 
affected by the entering angle and the point angle, increasing with increasing feed and increasing 
entering angle, see Figure 18. A large point angle gives a low torque [2]. 

𝑇𝑇𝑐𝑐 + 𝑇𝑇𝜇𝜇 =
𝑎𝑎 ∙ 𝑓𝑓 ∙ 𝐷𝐷𝑐𝑐 ∙ 𝑘𝑘𝑐𝑐

20 ∙ 103
∙ �1.17 −

𝑎𝑎
𝐷𝐷𝑐𝑐
� (6) 

The formula expresses the net power requirement at the cutting tip [1, 2, 10, 14]. Power losses are 
not included in the calculation [2]. Furthermore the power requirement, Pc, Equation (7), is 
calculated on the basis of an unused tool. This means no wear on the tool. Normal wear increases 
the power requirement by 10 to 30 percent, depending on drill size [2, 14]. 

The coefficients used on the Equations (6) and (7) are approximate, this due to the fact that the 
cutting forces are determined experimentally [2]. 

𝑃𝑃𝑐𝑐 =
𝑎𝑎 ∙ 𝑓𝑓 ∙ 𝑣𝑣𝑐𝑐 ∙ 𝑘𝑘𝑐𝑐

60 ∙ 106
∙ �1.17 −

𝑎𝑎
𝐷𝐷𝑐𝑐
� (7) 

Point angle: 
= 90° 
= 120° 
= 150° 

Tc 
Point angle: 
= 90° 
= 120° 
= 150° 

Tc 

Figure 18. The influence of the point angle relative to the entering angle and feed on the drill torque [2]. 
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3.3. Tool wear 
The most critical zones of a cutting edge, concerning tool life, are the outer (peripheral insert) and 
the middle zones where the heavy mechanical wear occur [20]. The location of wear indicates if the 
cutting speed should be either decreased or increased [14]. An increase of the cutting speed results 
in a reduction of the built-up region. It also causes greater wear on the support or guide pads and the 
peripheral part of the cutting edge.  

Drill wear increases the radial cutting force in proportion to the tangential cutting force. For a worn 
drill the guide pad forces are greater, which is the opposite for a sharp drill, where the support pad 
forces are greater than the guide pad forces [4]. Wear on the support pads is influenced by the 
cutting speed and the size of the drill bushing [1]. 

3.4. Dynamic disturbances 
Spiraling 
Spiraling causes a multi-lobe-shaped deviation of the cross section of the hole from absolute 
roundness [9]. The causes for spiraling are not well known. Possible causes are excessive guide-pad 
wear and bending vibrations of the boring bar assembly [9]. External factors that influence are 
instable machine and insufficient support of the workpiece.  

Chatter 
Chatter occurs in the form of self-excited torsional vibrations which leads to the cutting edge cutting 
deeper and less deep alterably into the workpiece. This primarily leads to increased tool wear and 
marks on the bottom of the bore hole [21]. 

Bell-mouthing 
The centering between the drill and workpiece affects the dimensional accuracy of the hole. The 
pads burnish the hole such that the hole diameter is the same dimension as the pilot bush diameter. 
As the drill penetrates deeper into the workpiece the burnishing stabilizes and the burnishing 
diameter is only slightly greater than the drill diameter [7]. 

Roundness error 
Main factors affecting roundness error are feed rate, hole length and damping ratio of spindle- 
workpiece assembly. Furthermore the radial and tangential forces are influencing the roundness 
error for deeper holes meanwhile the axial force affects the roundness error for shallow holes and 
hole straightness [13, 16]. 
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4. Calculations and measurements
This chapter describes the evaluated drilling phases. Also the cutting data used for the performed 
presents what was calculated and measured. It presents the used cuttings data settings and the 
evaluated drilling phases. 

4.1. Evaluation of the resultant radial force 
The stability of a deep hole drilling tool can be analyzed by studying the state of the resultant radial 
force regarding its magnitude and direction during a drilling operation [6]. In this survey the 
magnitude and direction of the resultant radial force is both measured and calculated. The angular 
placement of the resultant radial force is measured from an imposed X-axis on the drill head. The 
upper and lower limitations of the angular placement of the resultant radial force are defined as the 
angular distance from the support pad. The angular distance from the guide pad is taken into 
consideration due to the effects which it may have on the outcome of a drilling operation. The upper 
limit value for an acceptable angular position of the resultant force is defined as the support and 
guide pads angular positions on the drill head. 

4.2. Deep hole drilling phases 
Depending on which insert is in intersection and the different placements of the inserts on the drill 
head the angular position of the resultant radial force fluctuates. To simplify the visualization of the 
resultant radial force the drilling operation is divided into three phases: entrance, intersection and 
exit, Table 5.  

Table 5. The observed drilling phases. 

Drilling phase Description 

1 Entrance The entrance phase includes the cutting length of the first entering inserts. 

2 Full 
intersection 

The drill is considered as fully intersecting the workpiece when the entire 
cutting width of each insert is acting on the workpiece. 

3 Exit 
Normally, the first intersecting insert is the first one to exit the tool, leaving 
a number of inserts acting. The reversed order of inserts leads to the 
decrease of the cutting length. 
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4.3. Evaluated drills 
Four different types of deep hole drills with different geometries are observed in this study. Of the 
four observed drill geometries two are from Sandvik Coromant drill assortment and two are 
competitor drills. The size ranges and number of evaluated drills are presented in Table 6. Three of 
the four observed drills have similar geometries. Drill CD808 and 420.6 have the same geometry and 
are therefore evaluated as the same drill. The main difference between the drills is the brazed inserts 
instead of indexiable inserts. For details on the exact geometry variables see Appendix C (confidential 
due to contents).  

Table 6. Studied drills with dimension range. 

CD800 and CD880 
The number of inserts are three, and two pads for the geometry of CD800, see Figure 19 and Table 7. 
The geometry of drill 420.6 is similar to the geometry of drill CD808, see Table 8. The inserts in both 
drills are brazed on to the drill head. 

Evaluated drills Diameter Number of drills 

CD800 25-65 33 

CD808 (similar to 420.6) 25-65 16 

Competitor drill 1 30 and 40 2 

Competitor drill 2 30 1 

CD800 Diameter 30 mm 
Inserts 

C I P 
Placement [degrees] 180 7.58 180 
Entering angle [degrees] 15 -15 -15 
Active cutting length [mm] 5.24 3.92 5.78 

Pads 

Placement [degrees] 
Guide Support 

-5 105 

CD808 Diameter 30 mm (29,5) 
Inserts 

C I P 
Placement [degrees] 180 0 180 
Entering angle [degrees] 15 -18 -18 
Active cutting length [mm] 6.1 4 7.2 

Pads 

Placement [degrees] 
Guide Support 
-5.8 98.2 Figure 19. Illustration of drill CD800. 

Table 7. Drill geometry of CD800. 

Table 8. Drill geometry of CD808. 
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Competitor drill 1 
The geometry of competitor drill 1, Figure 20, is similar to the drill geometry of both CD800 and 
CD808. For details on the geometry see Table 9 and Appendix C (confidential appendix).  

The order entrance of the inserts is central insert, intermediate insert and peripheral insert. The 
center insert acts alone for approximately half its cutting length before the intermediate insert 
enters the worpiece, co-acting with the center insert. 

Competitor drill 2 
The drill geometry of competitor drill 2, see Figure 21, is unlike the other evaluated drill geometries. 
The cutting edges are distributed upon two cutting edges. The peripheral insert works both as a 
center and peripheral insert due to its shape. This is achieved by its different chamfers and entering 
angles depending on the value of the distance from the drill center, Figure 21. An interesting design 
feature of the competitor drill 2 is the uneven number of pads placed on the drill head Figure 21 (no 
1-3). For details on the drill geometry see Appendix C (confidential appendix).  

Competitor drill 1 Diameter 30 mm 
Inserts 

C I P 
Placement [degrees] 180 0 180 
Entering angle [degrees] 15 -12 -12 
Active cutting length [mm] 4.9 3.8 6.6 

Pads 

Placement [degrees] 
Guide Support 

-4 105 

Competitor drill 2 Diameter 30 mm 
Inserts 

C I P 
Placement [degrees] 180 0 180 
Entering angle [degrees] 6 0 -12 
Active cutting length [mm] 9.15 1.94 3.84 

Pads 

Placement [degrees] 1 2 3 
-4.5 105 -85 

Figure 20. Drill geometry of competitor drill 1. 

Figure 21. The drill geometry of competitor 
drill 2.  

Table 9. Drill geometry of Competitor drill 1. 

Table 10. Drill geometry of Competitor drill 2. 
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Due to the deviating geometry, see Table 10, and the restraints in the input variables of the 
calculation program, the approach of the calculation for this drill is simplified. Only the cutting forces 
are taken into consideration. The angular position of the resultant force will give a hint of which one 
of the pads works as a support pad and guide pad. This mainly during the entry where the resultant 
radial force uses the third pad before being finally being positioned between pads 1 and 2 see Figure 
21. 

The entrance order starts with the intermediate, Figure 21 (I), the center, Figure 21 (C) and 
peripheral insert, Figure 21 (P). The assembled intermediate insert and peripheral insert act on the 
workpiece. The center insert, the insert placed nearest the drill center, intersects the workpiece after 
the, by placement called, intermediate insert is fully intersected. The center-insert acts 
simultaneously with the intermediate and peripheral insert. The active cutting length of the center-
insert is not fully used due to the intermediate insert’s constant intersection of the workpiece.  

Each of the inserts geometry, placement and number are deviating from drills CD800, CD808 and 
competitor drill 1. The number of pads complicates the calculation due to the calculation sheet is 
designed to calculate forces acting on two pads. The supporting pads change during entrance to full 
intersection. 

4.4. Calculations 
How the magnitude and direction of the resultant radial force fluctuated was calculated fully for drill 
CD800. The calculations simulated the entrance, full intersecting and exit phase. This was 
accomplished by taking account to the increasing active cutting length of the inserts with the 
increased cutting depth. 

A simplified calculation was performed to work as an indication of the magnitude and direction of 
the resultant radial force acting on the rest of the observed drill geometries. The calculation only 
took account to the active cutting length of each insert intersecting the workpiece. The simplified 
calculations consisted of three points of interest: the entrance of the center, intermediate and 
peripheral insert. The three points represent the two first phases, entrance and full intersection. 

4.4.1. Calculation program 
Several forces act simultaneously on a drill during a drilling operation. To simplify the calculation a 
calculation program was utilized. The program was developed at Sandvik Coromant and it is used for 
the calculation is a well-developed program taking into account many of the requirements needed to 
conduct a drilling operation. It also gives a picture of the forces generated. A number of definable 
variables are required to calculate the generated forces during a deep hole drilling process. The input 
variables are the fixed variables as cutting data and geometrical variables. The output variables are 
the forces calculated by the program. These are dependent of the fixed input variables. The 
calculated forces acting on the drill are presented by the program as a simplified system of separated 
force components. Based on empirical formulae the program calculates the forces acting in the Z-, X-, 
Y-axis. A more thorough description of how the program calculates is presented in Appendix A 
(confidential due to contents). 

The study which the program is based upon has evaluated which variables are of significance for the 
resultant radial force. Variables affecting the direction of the resultant radial force are the coefficient 
of friction acting on the pads, the specific cutting force and the active cutting length of each insert. 
The variables affecting the magnitude of the resultant radial force are feed and the active cutting 
width of each insert [6]. 
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Input variables 
The variables used for the calculation, see Table 11, constitute the force system. The input variables 
used for the calculation are both geometrical variables and cutting data. 

Table 11. Definable variables for the calculation [6]. 

Cutting data settings 
The cutting data settings used for the calculations are presented in Table 12. 

Table 12. Cutting data settings used for the calculations. 

Variables Index Description 
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Diameter D Drill head diameter. [mm] 

Cutting width an 
Cutting width [mm], active cutting length for each 
insert. The length of the insert that cuts the material. 
[mm]  

Number of inserts - The number of inserts on the drill head are sub 
indexed as n. 

Entering angle αn Entering angle of each insert [degrees]. 

Angular location of 
inserts  βn Angular location of inserts on the drill head relative to 

the x-axis. [degrees] 

Angular location of pads βlist 
Angular location of pads on the drill head relative to 
the x-axis. [degrees] 

Cu
tt

in
g 

da
ta

 

Coefficient of friction μ Chosen as 0.2. [-] 

Feed f Default by the program to 0.18. [mm/rev] 

Specific cutting force kc 
Default by the program, see Appendix A (confidential). 
[N/mm2] 

Cutting speed vc 
Calculated by the program depending on the chosen 
diameter. [m/min] 

Variables Index Description 

Coefficient of friction μ 0.2 

Feed f 0.18 mm/rev 

Specific cutting force kc 2200 MPa 

Cutting speed vc 75 m/min 
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Output data 
The forces acting on the drill head are divided into three main forces. The basis for the calculation is 
the axial force and tangential force acting on each insert. The output data is presented in Figure 22 
and Table 13. For a detailed description of the output data see Appendix A (confidential due to 
contents).  

Table 13. Output data by the calculation program. 

Definition Index Description 

Axial force 

FATOT 
Total axial force, both forces on inserts and friction forces on pads
taken into account. 

FA Axial force all inserts. 

Fnz Axial force per insert, where subindex n is the insert number. 

Radial force Fnx Radial force per insert, subindex n is the insert number. 
Tangential force Fny Tangential force per insert, subindex n is the insert number. 

Friction forces 

Ffxn Friction force x-component 
Ffyn Friction force y-component 
Ffxtot Total friction force x-axis 
Ffytot Total friction force y-axis 

Fpadn 
Resultant force acting on pad, where the subindexes r, t and a 
represent the directions: radial, tangential and axial.   

Resultant radial 
force 

FR Resultant radial force magnitude 
βTOT Resultant radial force angular position relative to the x-axis degrees 

Torque 
T0 Torque caused by tangential forces acting on inserts 

Tpads Torque caused by frictions forces acting on pads.  
Ttot Total torque 

Power P Power requirement 

x 

z 

y 

x 

Figure 22. Summary of the calculated forces by the calculation program. 
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The output of the calculation program can be compiled depending on the aim of the calculation. The 
geometrical variables are of major influence for the calculations. How the angular position of the 
inserts affect the magnitude and direction of the resultant radial force is illustrated in Table 14.  

Table 14. Different angular position of guide pads and their influence on the resultant radial force. 

Drill head 
(Diameter 30 mm) 

Angular placement of inserts [°] Resultant radial force (red arrow) 

C I P FR [N] βtot [°]

180 0 180 3007.2 77.8 

180 40 180 3415.7 62.5 

110 0 110 4221.2 -12.7 

180 -40 180 3742.9 97.5 

x 

y 

x 

y 

x 

y 

x 

y 
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4.5. Drilling tests 
The main aim of the test-runs was to re-create the entering and full intersection phase and 
measuring the forces generated during these phases. Test-runs were performed on two drills from 
Coromant: one drill with brazed inserts (420.6) and one with indexable inserts (CD800), and two 
competitor drills with indexable inserts. The drill dimension for tested drills is diameter 30 
millimeters, see Table 15. 

Table 15. Information of conducted test-runs. 

The machine settings used during the test-runs were chosen to match the ones used for calculations, 
see Table 12. Cutting depth varied for each drill depending on the placement of the pads. This due to 
the different geometries of each drill and the different cutting edge compositions. Every test-run was 
very short due to the shallow holes generated. Forces were only measured from entrance into the 

Test-runs 

Machine Mori Seiki 8000, milling machine 

Material SS2541 (34CrNiMo6, DIN EN standard) 

Measuring 
equipment 

Kistler, Type 9124B1011, see Appendix B 

Fixture 
No pilot bush was used. The drill heads were fixed on a drill tube which was 
fixed onto the measuring instrument. 

Measured drills 

Drill type 
Drill 

Diameter [mm] 
Number of tests 

CD800 30 5 

420.6 30 4 

Competitor drill 1 30 4 

Competitor drill 2 30 4 

Cutting data settings 

Feed, f 0.18 

Cutting speed, vc 75 mm/min 

The specific cutting 
force, kc  

The specific cutting force (kc) for steel lays between 2000 – 2400 MPa 

Cutting fluid Yes 

Cutting depth 4-5 mm depending on the drill geometry 
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workpiece and stopped before the pads came in contact with the workpiece. The drill was fixed on 
the measuring equipment after first been fixed on a drill tube. The drill tube had an overhang of 
about 30 millimeters at the first test. During the second test the used drill tube was shortened 
diminishing the overhang. 

The chosen material is SS2541 (34CrNiMo6, DIN EN standard) and used in medium rough to rough 
structural components, such as shafts and gears that are subjected to high stresses and which have 
high demands on ductility. The specific cutting force for steel lays between 2000 to 2400 MPa [22, 
23].  

Measuring equipment 
The forces generated during machining processes are normally measured with piezoelectric sensors, 
so called dynamometers [24]. The forces generated during the test-runs were measured with the aid 
of the measurement equipment Kistler Type 9124B1011, Figure 23. It was a rotating 4-component 
dynamometer for measuring of cutting forces and torques on the rotating tool spindle. The cutting 
force component were measure in three axis, X, Z and Y, furthermore the torque was measured. The 
different axis Fz, Fy, and Fx, and torque, Mz, are displayed on the lathe, see Figure 24.  To measure the 
forces and the torque in these applications, the rotating dynamometer was mounted directly on the 
spindle of the lathe and the tool was mounted on the rotating dynamometer, see Figure 24.  

The measured forces were sampled by the instrument in minutes [24]. From the force components 
the resultant radial force’s magnitude and direction were calculated. Table 16 presents the maximal 
speed and sensitivity of the measuring equipment.  

Table 16. Technical data of Kistler measuring equipment [24]. 

Axis Value 
Speed max. 5 000 1/min 
Sensitivity Fx, Fy ≈0.5 mV/N 

Fz ≈0.33 mV/N 
Mz ≈9 mV/N·m 

The dynamometer therefore rotated with the tool. The drill was fixed on the measuring equipment 
by first been fixed on a drill tube. For a more thorough description of the design and components of 
the measurement equipment see Appendix B. 

Figure 24. Fixture of drill head on measuring 
equipment. 

Figure 23. Kistler measuring instrument [25]. 
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5. Results
This chapter presents the results obtained from the performed calculations and test-runs. 

5.1. Experimental measurements 
How the measured resultant radial force changes by the increasing and decreasing cutting depth is 
illustrated in a polar diagram for each evaluated drill geometry. The angular position of the resultant 
radial force direction relative the X-axis. Three arrows represent the forces acting on during three 
points. The points 1 to 3 describe:  

1. Phase 1 entrance (yellow arrow),

2. the intermediate-insert acting together with the center-insert (red arrow) and

3. Full intersection of the workpiece (green arrow).

The length of the arrow illustrates the magnitude of the acting force in the described point. The force 
increasing from the center of the diagram to the outer circles. The measured value of the resultant 
radial force is presented in  Table 17.  

Table 17. Polar diagrams presenting the measured results of the acting resultant radial force during phase 1 to 2. 
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The resultant radial force in point 1 to 2 (phase 1 entrance) acts close to the support pad. This being 
the case for CD808 and competitor drill 1, closest for drill CD808. The magnitude of the resultant 
radial force is greatest during full intersection. Competitor drill 1 has the greatest force magnitude 
during full intersection.  

The measured forces of competitor drill 2 showed a different force distribution in comparison to drill 
geometries CD800, CD808 and competitor drill 1. An additional point (blue arrow) is added to the 
measured forces. The generated forces act differently for drill geometry of competitor drill 2 due to 
the number of inserts. This affecting the force distribution during entrance to full intersection, 
resulting in a very small resultant radial force during full intersection (point 4).  

5.2. Calculated results  
How the calculated resultant radial force fluctuates by the increasing and decreasing cutting depth is 
illustrated in Figure 25. Figure 25 illustrates how the resultant radial force fluctuates during entrance 
point 1 to 2, full intersection point 3 and exit phase, point 4 to 6. The entrance to full intersection 
phase is illustrated in Figure 25 (a). The calculated angular fluctuation of the resultant radial force 
during drilling phase 3, exit, is presented Figure 25 (b). 

The forces increase to the third point in Figure 25 (a) and decrease in Figure 25 (b). The reversed 
order of inserts acting result in the decrease of the cutting length, decreasing the magnitude of the 
resultant radial force. During point 2 the force increase, representing the intermediate-insert acting 
without the center-insert (point 1). The result presented in Figure 25 b) give no indication to the 
resultant radial force acting in an unfavorable angular direction during exit.  

Figure 25. Calculated values of the magnitude and angular direction of the resultant radial force of drill CD800 
during: a) entrance, full intersection and b) exit. 
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The calculated value of how the resultant radial force acts during entrance to full intersection for the 
observed drill geometries is presented in Table 18.  

Table 18. Polar diagrams presenting the calculated results of the acting resultant radial force during phase 1 to 2. 

The greatest resultant radial force during entrance, point 1, is generated for drill CD808. During point 
2 the resultant radial force generated for CD800 and CD808 lays close to or surpasses the support 
pad. When both the center and intermediate insert of CD808 are intersecting the workpiece at 
entrance the angular position of the resultant radial force surpasses the support pad. The magnitude 
of the resultant force during point 2 is small for CD800, CD808 and competitor drill 1. The resultant 
radial force generated in point 2 for competitor drill 1 lays within the pads.   

The order entrance of the inserts of competitor drill 2 cause the different distribution of the resultant 
radial forces during point 1 to 3.  As for the drill of geometries, the resultant radial forces illustrated 
in point 1 to 2 force competitor drill 2 lay very close to the support pad.  

During point 3 the resultant radial force lays in a satisfactory angular position between the pads for 
all observed drills and has the greatest magnitude for all drills but competitor drill 2.  
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5.3. Comparison of calculated and measured results 
How the measured and calculated resultant radial force acts for the observed geometries is 
compared in Table 19. The most prominent difference lay between the measured and calculated 
results of competitor drill 2. There are some minor differences between the magnitude of the 
measured and calculated resultant radial force for the drills of similar geometry, D800, CD808 and 
competitor drill 1. The angular direction of the resultant radial force fluctuates in a similar manner, 
this true for drill geometries D800, CD808 and competitor drill 1.  

Table 19. Comparison of the measured and calculated results of the resultant radial force. 
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5.4. Influence of geometrical variables on the resultant radial force  
Geometry variables can be modified in order to control the resultant radial force angular position 
and increase the drill stability. To increase the balance of each drill the variables have CD800 drill of 
diameter 45 millimeters, see Table 20 and Figure 26. Four modified designs, Table 21, with reference 
to the angular position of the resultant radial force have been calculated. The same cutting data has 
been used for the calculations as for the test-runs, see Table 12. 

Table 21. Description of modified drill models CD800. 

CD800 Diameter 45 mm Inserts 
C I P 

Placement [degrees] 180 0 180 
Entering angle [degrees] 15 -15 -15 
Active cutting length [mm] 7.65 5.9 8.9 

Pads 

Placement [degrees] 
Guide Support 

0 104 

Description of modified drills 

1 
Early entry of the peripheral insert by increasing the 
offset value in the Z-axis by 0.3 millimeter.  

2 
Modification of the 
intermediate-insert’s angular 
position relative to the X- axis. 

C I P 

180 5 180 

3 
Modification of the angular 
position of the center-insert 
relative to the X- axis. 

170 0 180 

4 

Modified center-insert angular 
position relative to the X-axis 
and an early entry of the 
peripheral-insert by an 
increased offset value in the Z-
axis by 0.3 millimeters. 

170 0 180 
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Figure 26. Geometry representation of 
CD800. 

Table 20. Geometry variables of CD800 Diameter 45. 
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How the calculated angular direction and magnitude of the resultant radial force fluctuates during 
entrance to full intersection is presented in Table 22.  

Table 22. Illustration of the resultant radial force during entrance to full intersection for the modified drill geometries. 
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During phase 1, point 1 to 2, the resulting radial force acts close to the support pad, entrance (point 1 
to 2). The modified geometry variables for geometry 1 and 2 result in an angular direction acting 
close to the support pad. Which in the original drill geometry is surpassed. The entrance forces (point 
1 to 2) act in a similar angular direction, this true for the modified drill geometries no 3 and 4.  

In comparison to the forces generated for the original drill geometry CD800 D45 a more even force 
distribution of the resultant radial force is achieved for the modified drill geometries no 1 to 4, see 
Table 22. The angular direction of the resulting radial force is nearly the same from point 1 to 3 for 
both geometry no 3 and 4. Geometry no 4 achieving a uniform force distribution in comparison to 
geometries 1 to 3. The magnitude of the resultant radial force is greatest for drill geometry no 3 and 
4. For all the modified geometries the angular direction for the resultant radial force during full
intersection acts between the support and guide pad. 
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6. Discussion
The results acquired from both calculations and test-runs are discussed in this chapter. 

Calculated and measured outcome 
The formulae used by this program are, though representative for an overall picture, approximate. 
The formulae used by the calculation fail to take into account to: 

• the power losses in the machine transmission elements and
• the wear of the cutting edge.

The program makes it possible to modify the specific cutting force for each insert depending on its 
placement on the drill head, which the formulae alone fail to do. The formulae can only be viewed 
upon as an indication of the actual forces acting on a drill. However, the accuracy of the acquired 
results are re-enforced by the experimental derivation of the formulae and empirical coefficients 
which the program is based on.  

The drills CD800, CD808/420.6 and competitor drill 1 had similar results. The drills also had similar 
geometry variables and had the same input variables required for the calculation. The drill geometry 
of competitor drill 2 was different. Due to the different geometry, odd numbered of pads and insert 
geometry it is difficult to entry the required geometry variables. Arbitrary assumptions were made, 
as which pair of pads to input as support and guide pad but in comparison with the measured results 
of competitor drill 2 the calculated results were not comparable. The calculation program is best 
suited to calculate drills with similar geometry as CD800. The calculated results are therefore less 
reliable in the case of competitor drill 2. The measured results showed that the geometry of 
competitor drill 2 results in large fluctuations of the resultant radial force during entrance phase. 
Also, the magnitude of the resultant radial force is small during full intersection which arises the 
question whether the surface finish of the bore hole is satisfactory. The differences between the 
magnitude of the resultant radial force during entrance and full intersection indicate that a two-
insert solution in competitor drill 2 results in an unstable drilling process. Variables affecting the 
outcome of the calculations of competitor drill 2 were the placement of inserts in relation to the drill 
head center and the order of entrance in relation to the drill head center.  

The illustration of the calculated and measured forces are comparable and both the magnitude and 
angular direction of the resultant forces were basically very similar. This most likely because of the 
similarities between the geometry of some of the evaluated drills. The decrease or increase in force 
magnitude represent when an insert acting on the opposite direction enters the workpiece. For all 
the drills the intersection of the intermediate insert was the most critical part of the entrance phase. 
The active cutting length of the intermediate insert was of importance. It pushed the resultant radial 
force in the direction of the support pad.  

The most uniform transfer between generated forces during the observed phases was performed by 
CD808. The direction of the resultant radial force surpasses the location of the support pad during 
the second phase. The peripheral insert pushes the resultant radial force back between the pads. 
CD808 has the largest peripheral insert. 

Drill CD800 has a somewhat even distribution of the active cutting length on the inserts. During the 
critical second phase of partly intersecting the workpiece, the resultant radial force is not pushed too 
close to the support pad. It lays in angular position between the pads and only fluctuates slightly 
between the observed phases. Competitor drill 1 had had the highest measured radial force, it does 
not in any other way stand out from CD800 or CD808. 
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The acquired results of the drills CD800, CD808 and competitor drill 1 provide a picture of a stable 
drilling process. Despite the similarities in geometry and machining conditions there are some 
differences between the calculated and measured results. An interesting observation is that for most 
part, the calculation program over-estimated the acting forces. This can be explained by the choice of 
the coefficient of friction. Using a lower value would decrease the magnitude of the generated forces 
but it might also change the angular direction of the resultant radial force. The calculated result of 
the angular position of the resultant radial force is similar to the measured direction.  

The differences between the measurements and calculated results can partly be explained by the 
fact that there are a significant amount of variables acting during a drilling operation. These variables 
are difficult to both separate, map and consequently to control and take into consideration. An 
interesting variable used for the calculation is the chosen specific cutting force. The material 
properties for the chosen material for the test-runs did not present the specific value of 
machinability (specific cutting force) of the material. The differences between the actual specific 
cutting force of the workpiece material and the value used in the calculation program might 
therefore differ. Even though this might be the case, the plotted curves of the measured and 
calculated resultant radial force would look the same even if a lower or higher value of the specific 
cutting force were used. The value of the specific cutting force only changes the level of the forces 
acting on the inserts. 

The modified geometry variables of CD800 show that is it feasible to use the program to achieve a 
drill geometry in respect to stability. The drill geometry would be based on the drill CD800. 
Furthermore all the design features of a drill do not necessarily correlate with the stability of the drill. 
The features can be justified in regard to available space on the drill head and manufacturing issues.  

The calculation of the entrance phase was performed by taking into account both the cutting depth 
and the increasing cutting length in intersection by deeper cutting depth. The inserts cut 
simultaneously into the workpiece and the order of intersection is slightly different for each 
observed drill geometry. The calculated results indicate that an additional parameter should be taken 
into consideration to achieve a more accurate calculation. The order of the inserts entering the 
workpiece and for how long each of them acts alone, or in combination with another insert, affects 
the direction of the resultant radial force. The calculations should therefore be expanded to include a 
parameter expressing the offset length in the Z-axis of each insert.  

Two test-runs were performed. The force-measurements acquired from the first test-run were 
inconclusive. The direction of the resultant radial force, measured in degrees (the angular position 
starting from the imposed X-axis). The reason for the misleading results was not apparent at first. 
The holes performed by some of the tested drills were smaller than the actual drill diameter. This 
suggesting that some of the drills receded while intersecting the workpiece. The drill was then 
pushed side-ways due to the overhang caused by the length of the drill pipe. This resulting in a drill 
hole with a smaller diameter than the drilling head. A possible cause for this is how the drills were 
fixed onto the machine. During the second test-run the over-hang was decreased by shortening the 
length of the drill pipe. This to minimize the influence of the protrusion and giving a more stable 
fixture. This issue could explain the differences between the results acquired from the performed 
calculations and the test-runs. The length of the drill pipe where the drill body was fixed on might 
have caused the misleading results at the first performed test-run. This conclusion drawn from the 
fact that in both conducted test-runs of the brazed drill head 420.6 gave similar results. Furthermore, 
the calculated results and the test-run results were in the case of the brazed drill head also very 
similar in both cases. The difference between brazed drill head, 420.6, from the CD800 with 
indexiable insert, is that the drill body is shorter which increases the stability of the drill. A shorter 
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protrusion length increases the stability of the fixture in comparison to the tested drill heads. The 
calculation sheet does not take account to the inserts being brazed or indexiable. Whether or not the 
resultant radial force is affected by this difference cannot be deducted by the performed analysis.   

The highest forces were measured during full intersection of the inserts, and the angular position 
obtained an unsatisfactory value during entrance. This being the case for both calculated as for 
measured values. During entrance, before the pads support the drill head, the drill head is supported 
by a pilot bushing. The test-runs were performed without a pilot-bushing. The deviation of the drill 
head during intersection might have been decreased if such a device had been utilized. The issue 
would then have been to measure the generated forces because these would have been counter-
balanced by the pilot bush. The test-runs made it evident that there are more parameters than 
geometrical variables to take into account. 

The performed calculations only take into account a part of the complex process of deep-hole 
drilling. The variables used for the calculation might be viewed on as just a sample of variables and 
factors that affect a deep-hole drilling operation. Furthermore the formulae used for the calculations 
are only applicable during ideal conditions, e.g. with a sharp tool. This survey does therefore only 
cover few of the variables affecting a deep hole drilling operation. The calculations performed by the 
calculation program serve as an indication of how the resultant radial forces magnitude and direction 
act.  
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7. Conclusions
This chapter formally answers the research questions based upon the conducted study. 

I. What is the direction and magnitude of the resultant radial force during entrance, full 
intersection and at the exit of the workpiece? 

The resultant radial force fluctuates as presented by the calculations performed. A summary of the 
resultant radial force acting on each drill is presented graphical and in tabular form. How the forces 
act during exit were not possible to measure but possible to calculate.  

II. Are there significant differences between the calculated results and the measured results?
What is the reason for these differences?

The obtained experimental results are comparable to the calculated results. The differences 
observed in the obtained results can be motivated by the used machine, the measurement 
equipment and calculation program.  

III. Why do some drills and some dimensions work better than others? Can this be explained by
the calculations and analyzes?

The last question cannot be answered by the survey conducted because there are no definite values 
of where the radial force should act in order to achieve an acceptable deep hole drilling operation. 
There are many other variables not taken into account in this study to come to such conclusions.  
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8. Recommendations
This chapter presents recommendations of future work not covered by the conducted study. 

Influence of variables 
The geometrical variables of a drilling tool design used for the calculation are based on an analysis 
which deducted a number of geometry variables affecting the resultant radial force. There are a 
number of parameters of influence not taken into account to in this study. Variables that might affect 
how well-balanced a tool is: 

• The rake angle, insert geometry, and clearance angle. Also the geometry of the
pads, the area of indentation might be variables that taken into account (many studies
identifying  the forces acting on the cutting edge and a number of different models with base
on e.g. cutting zone exist).

• The wear of the cutting tip increases the cutting forces, making this study only apply on
sharp, new tools.

• The cutting data and material properties.
• Taking into account the influence of the cutting fluid on the cutting edge.

Other evaluation methods 
Other means of evaluating the resultant radial force other than geometry variables should be taken 
into consideration. As for example the machine settings, cutting data, how the wear of the tool 
affects the radial force’s magnitude. The pressure exerted onto the bore surface by the resultant 
radial force could serve as a measurement to assess the stability of a drill. 

A next step to evaluate how the resultant radial force acts during a drilling process might be 
assessing the resultant radial force by taking into consideration the wear on the cutting edges. A 
worn cutting tip increases the magnitude of the cutting forces. How the magnitude of the resultant 
radial force changes during a drilling operation due to wear and the effects it has on the resultant 
radial force could be a next step. This might be of interest in cases of re-start of a drilling while in 
workpiece or use of a worn tool. Due to the fact that the angular position of the resultant radial force 
undertakes unfavorable values during entrance for three of the studied drills. Re-start and entry-
phase can be viewed as the same.  
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Rotating 4-Component
Dynamometer RCD
for Cutting Force Measurement up to 5 000 1/min
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Type 9124B..., 5221B2, 
        5223B...

Rotating 4-component dynamometer for measuring of cutting 
forces and torques on the rotating tool spindle. 

Transmission of measured data by telemetry hence without 
wear.

Cutting force measurement on the rotating edge•
4-component force/moment measurement•
Data transmission by telemetry•
Internal coolant supply•
Conforming to • ä

Description
The dy na mom e ter con sists of a four com po nent sen sor fit ted 
un der high pre load be tween a base  plate and a top plate.
The four com po nents are meas ured prac ti cal ly with out 
 dis place ment.
It must be taken into ac count that com bi ned and ec centric 
loads may re duce the meas uring ran ges.
The sen sor is mount ed ground-in su lated. There fore ground 
loop pro blems are large ly elim i nated.
The dy na mom e ter is rust proof and pro tect ed against pen e tra-
tion of splash wa ter and cool ing agents.
For each com po nent a 2-range min i a ture charge am pli fi er is 
in te grat ed in the dy na mom e ter. The out put volt ag es of the 
charge am pli fi ers are di gi tized and trans mit ted by tel e met ry to 
the sta tor. The re mote con trolled range switch ing and an op-
tion al ly switch a ble zoom chan nel al low to use the meas ur ing 
rang es in an op ti mal man ner. 
The volt age is sup plied per in duc tion.
A ze ro point iden ti fi ca tion (Type 5223B2) is avail a ble as an 
  op tion which al lows to correlate the force sig nals with the tool 
edge. 
The dy na mom e ter is de liv ered  preferably with in te grat ed spin-
dle adapt er (ac cord ing to op tion). For mount ing the  cutting 
tools, tool adapter Type 9165 is available.

Application
Investigation of wear and cutting processes near the tool edge 
during milling and drilling. The acting force vector on one-
edged tools can directly be measured. This dynamometer is 
 especially suitable for rough-machining.

Fz

Mz

Fx Fy

Technical Data

Dynamometer Type 9124B...

Speed 1/min max. 5 000

Range 1 FSO Fx, Fy kN –20 ... 20*

kN –15 ... 15**

Fz kN –30 ... 30

Mz N·m –1 100 ... 1 100

Range 2 FSO Fx, Fy kN –2 ... 2

(switchable) Fz kN –3 ... 3

Mz N·m –110 ... 110

Overload range 1 % 20

Threshold Fx, Fy N <4 

Fz N <6 

Mz N·m <0,3

Sensitivity Fx, Fy mV/N ≈0,5 

(Range 1) Fz mV/N ≈0,33 

Mz mV/N·m ≈9

Linearity % FSO ≤±1

Hysteresis % FSO ≤1

Crosstalk Fx ↔ Fy % ≤±2 

Fz → Fx,y % ≤±3 

Fx,y → Fz % ≤±3 

Mz → Fz N/N·m ≤±3

Natural frequency fn kHz ≈1 

Type 9124Bxx11 

measured without telemetry
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Operating temperature range °C 0 ... 60

Degree of protection EN60529 IP67

Weight Type 9124B1111 kg ≈7,5

* Force application point at the top plate area
** Force application point 50 mm above top plate area

Stator and Multichannel Signal Conditioner 

Type 5221B2 and Type 5223B...

Ratio range 1/range 2 10

Number of channels 5

Number of ranges per channel 2

Cut-off frequency per channel fcutoff kHz 1,0

Sampling rate per channel kHz 7,8

Resolution/tolerance bit/% 12/±0,025

Signal output (FSO) V ±10

Output connector 5 x BNC neg. 

(analog signal) 15 pin D-Sub

Operating temperature range °C 0 ... 60

Power supply V/AC 230/115 

(switchable) % +15/–22 

Hz 48 ... 62

Power consumption VA ≈30

Dimensions (DIN41494, part 5) 

Width TE 63 

Height of instrument HE 4 

Height of plug-in HE 3 

With case mm 340x187x280

Weight Type 5223B... kg 8

Interface RS-232C 

for remote control

Zero point identification 

(only Type 5223B2) 

Signal output V +5 

Output connector BNC neg.

Zoom (window amplifier):
The zoom decouples the output signal of an optional channel and ampli-
fies the signal by a factor 10.

Analog Outputs3m 10m

IP 67 IP 40

9124B... 5221B2 1500B19 5223B...

9165

60

100

Multichannel Signal Conditioner

1

2

25
5971

Zoom

Mz

Fz

Fy

Fx

Channel 5

Channel 4

Channel 3

Channel 2

Channel 1

Mz
Fz

az

1...2mm

A

Fy
Fx

Fig. 1: Rotating Cutting Force Measuring System

1) Tooladapter for collets max Ø 25 (DIN 6388)
2) Tool
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max. 57

5

L =
 3000 +0/-5

0
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0
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28

14
0

8
4,

3

40

50

R 90

R 104,5

R 79,5

6,3

48

35

58 106

0.
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3
no
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25
12

,5
0+0

,5

100
75 0,1

50 K5

10,5

19
.0

5

38

156

19
,1

5
55

39
,1 47

39
,0

5

12

100

50h4
75 0,1

0.005 A
0.003 A

A

M10x15/20

1-2mm

39
12

26

93k5(+0,003
+0,018)

129

8

108

12
xM

10

Type 9124B1211

Type 9124B1311
Type 9124B1411

Type 9124B1511

Type 9124B1611

Type 9124B1011

Type 5221B2

Type 9124B1111

Fig. 2: Dimensions Dynamometer Type 9124B...

Optional Accessories Type

Stator 5221B2•
Connecting cable 1500B19•
Multichannel signal conditioner 5223B1•
Multichannel signal conditioner 5223B2 •
with zero point identification
Tool holder 9165•

Spindle adapter*
without spindle adapter 10
DIN 69871-AD 50 11
MAS 403 BT 50 12
ANSI B5,50 - 50 13
DIN 69871-AD 40 14
MAS 403 BT 40 15
ANSI B5,50 -40 16

* other spindle adapters on request

Ordering Key
 9124B  11
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Appendix D - Summary of the resultant radial force 
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Appendix E - Summary of acting forces 
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Appendix F- Resultant radial force CD800 
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