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1. Introduction 

To estimate the cutting characteristics and machinability of a given 
material, in addition to the tool life attainable under the giyen conditions, 
cutting force and/or cutting performance are employed. 

:M:achinability will always express the interaction between 'work and tool. 
It is, therefore, readily understandable 'why research workers studied, even 
in the earliest stages of cutting experiments, ,\"hat tool formation would best 
promote the achieyement of optimum cutting conditions. TDm [1] dealt with 
this problem already in 1870 in a paper, and TAYLOR [2] developed a tool 
having a special form for economic cutting purposes. 

In the course of the last 50 years yarious experiments were carried 
out in the field of the relation between cutting force and tool form 
(e.g. [3], [4], [5], [6], [7] and [8]). In the course of these experiment~, 

generally the main cutting force was measured. This measurement method if' 
easily understandable as, with respect to tool load and cutting power require

ments, the magnitude of the main cutting force may be considered as the most 
significant of all cutting force components. 

In order to measure the main cutting forcc when turning, the Dcpartment 
of )lachine Production Technology elahorated dynamometer types operating 
on mechanical [9], hydraulic [10], pneumatic [11], plastic deformation [12], 
and electric [13] principles, respcctiyely. The present paper deals with the 

experiments conducted by means of an apparatus [14] operating on elastic 
deformation principles and equipped with strain gauges. 

2. Experimental 

The purpose of the experiments was the determination of the relation 

between tool form and main cutting force on an experimental aluminium 
alloy (2.8% Cu, aB == 24 kp/mm~, HE = 61 kp/mm2). The tests covered the 
determination of the effects exerted on the main cutting force by relief 



60 .-i. KARDOS 

angle (a), rake angle (1'), main cutting edge entering angle (x), end cutting 
edge angle er), and nose radius (r). 

For experimental purposes, informatory data had been supplied by 
measurements performed in the course of tool life studies [15] and different 

dynamo meter investigations [ll]. These data have been completed by prelim
inary measurements made in order to promote the preparation of the detailed 
program of present force measurement tests. 

In accordance with the aforementioned conditions, the experiments 
were conducted by employing a cutting speed of v = 280 m/min. For the indi
vidual measurements, speed deviation amounted to 10 m/min-max, as compared 

to the above value. The relief angle of the secondary cutting edge was, in 
each case, at = 10°, the cutting edge inclination being }. = 0°. Tool grinding 
has been effected by means of tool edging machine using a grinding wheel of 
80 degree fineness. According to the control measurements performed with 
a shop microscope, tool angle deviation as compared to the given values a
mounted to maximum ±0.5°. The experimental set-up is illustrated in Table 1. 
Evaluation of the measurement results were accomplished partly by graphic 
and partly by semi-graphic techniques. 

Table 1 

f(mm} Cf=!re~) U(o) "t' ( 0 ~ %(1:) Teo) r(mm) 

1. 1-3 0.1-0.487 6-15 30 
I 
I 45 15 0.5 

2. 1-3 0.1-0.475 10 20-40\ 45 15 O.S 

3. 3.5 0.1-0.475 10 30 I 45-901 15 O.S 
i 

4. 3 0.2-0.69 10 30 45 5-35' 0.5 

5. 3 0.2·-0.69 10 30 45 15 0 .. :;-3 

1. Results of the experiments performed to determine the influence of 
relief angle exerted on the main cutting force are presented in Figures 1 
and 2. Fig. 1 shows the measurement results obtained with cut depths of 
f = 1 mm and f = 2 mm, respectively, whereas those for a cut depth of 
f = 3 mm are shown in Fig. 2. 

Investigations conducted with a cut depth of f = 1 mm did not show 
a unequivocal relation due to the scatter of the measurement points. According 
to the curves plotted, cutting force does not decrease significantly "ith an 
increased relief as compared ,dth the experimental results obtained "ith cut 
depths off = 2 mm and f = 3 mm. This might be attributed to the fact that 
in course of investigations performed with a small depth of cut, cutting has 
to a considerable extent been made by the rounded-off part of the tool and 
in this part, the influence of the secondary cutting edge relief angle was con-
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stantly maintained during experiments and manifested itself to a significant 

degree. 
According to the investigations performed with cut depths of! = 2 mm 

and! = 3 mm, cutting force decreased significantly with a relief angle increased 
to a = 12°. This is due to a twofold reason: the friction of the back section 
against the cutting surface is reduced by the increased relief angle and, on the 
other hand, the quantity of the particles adhering to the back section from 
the material which is cut is similarly reduced. 

When determining the relation of relief angle to cutting force, measure
ment results were illustrated by means of a double logarithmic chart as well 
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(Fig. 3, f = 3 mm). According to the calculations, the relation of cutting 
force to relief as under the experimental conditions may be expressed by the 
follo"\ving formula: 

P ._ Ca 
J- aO,:l 

On the basis of the investigations so far completed it may be stated that, 
for the experimental and similar aluminium alloys, and taking tool strength 
and tool life also into consideration, a relief angle of (J. = 10 - 12~ could be 

suggested. 
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2. Investigations on the rake angle effect were similarly performed with 
cut depths of f = 1, 2, and 3 mm, respectively. The measurement results 
are presented in Figures 4 and 5. 

Measurements made with a cut depth of f = 1 mm did not it possible 
to discover a definite relation in this case, either. Such a development in the 
measurement results is due to the nose radius effect. These experiments, there

fore, supported the fact, that the effects of the cutting angle on cutting force 
should be studied preferably with extended cut depths only, as compared to 
nose radii. 

As shown by measurements made with the cut depths of f = :2 nun and 
f = 3 mm, respectively, cutting force will decrease with an increased rake 
angle. This 'well-known relation may well be explained hy the influence of the 

directional angle increasing proportionally to the reduction of the true cutting 
angle (6 = 90 - ?). Cutting force reduction is significant up to }' = 35°. 
Results ohtained with y = 40 c may he also explained hy some factor affecting 
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the measurement process itself. However, it seems possible that a so-called 
"jamming" phenomenon is encountered as soon as at this rake angle value 
observed like those found in certain research activities. 

For demonstration purposes, the measurement results suitable to deter
mine the relation between cutting force and rake angle have been illustrated 
by means of the graph shown in Fig. 6. According to the calculations, the phase 
y = 20 - 35 C may be characterized by the following equation: 
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From the graphs it can be seen that in the measurement range tested, 
the employment of a rake angle of i' = 30 - 35° might be suggested. 

3. The results of experiments conducted with a cut depths off = 3 mm 
for testing the influence of the end cutting edge angle are presented in Fig. 7. 

As is seen from this Figure, in case of a small-size feed the end cutting 
edge angle practically does not modify the main cutting force. With higher 
feed values, tha main cutting force will decrease up to about r = 15° but 
·will increase somp.what ·where greater angles are involved. 

The fact according to ·which the influence of the end cutting edge angle is, 
for small feeds, negligible seems quite natural, if one is remember that the for
mation of the machined surface is accomplished, in such cases, mainly by the 
rounded part of the tool. 

The secondary cutting edge effects are, however, greatly emphasized 
with larger feeds. Here, by using higher r values, the edge length invoh·ed 
in cutting, as well as the actual chip area decrease. The reduction of either of 
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these factors should reduce cutting force. However, measurement results, 
partly contradict this theoretical consideration. This contradiction (and the 
shape of the curves) may in the present case be explained by the chip removal 
process. 

With a small r employed (r = 5-10°), particles have been worked off 
the chips and forced in between the back section of the secondary cutting edge 
and the machined surface [16]. Through this process friction, and consequently, 
cutting force was increased. By increasing the end cutting edge angle, the 
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number of friction particles and the cutting force have both been reduced. 
In the situation of r > 15°, the edge of the chip and the machined surface 
developed more unevenly due to the increasing inclination of the secondary 

cutting edge. 
This may be attributed to the fact that cutting force did not decrease 

any further but, in some cases, increased. 
No unequivocal mathematic relation could be established, on grounds 

of the measurement results, between the main cutting force and the end 
cutting edge angle. It might be stated, hO'wever, that the magnitude of this 
angle in the case of the given material is best selected as T = 15 0

• 

4. For investigating the nose radius effects, cut depth and feed values 
were used similar to those adopted previously. Measurement results are pre

sented in the graph of Fig. 8. 
According to the theoretical considerations and the results of the experi

ments completed so far, increasing the nose radius will increase cutting force 
as well. This could be attributed to the fact that by increasing the nose radius 
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the edge length involved in cutting as ,,-ell as the magnitude of the chip defor
mation factor will similarly increase. 

The measurement results obtained have qualitatively and generally 
sho"wn the relationship referred to above. As can be seen from the Figure 

quoted, cutting force will incrcase monotonously with an increased nose 
radius in case of a small feed size employed however, showing a less unequivocal 
modification when a larger feed size was adopted. 
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As far as the nose radius is concerned, force measurements made possible 
the establishment of only a qualitative relationship: the general rule which 

seems reasonable, with respect to cutting force, is to perform cutting with 
a tool having the smallest possible nose radius, also applies in this case. 

5. The results of experiments conducted to study the setting angle of 
the main cutting edge are shown in Figures 9, 10 and 11. Figure 9 presents 
the experimental results obtained with a cut depth off = 3 mm, while Fig. 10 
illustrates those given by the f = 5 mm depth of cut, both in a linear co-ordi
nate systcm. Fig. 11 summarizes the results in graphs of logarithmic axial 
scale. 

As for the setting angle effects exerted on cutting force, contradictory 
statements are to be found in the literature. According to one point of view, 
increasing the setting angle from 30° to 90° will reduce cutting force. However. 
according to the other point of view, the force reduction is experienced only 

to a certain degree when the cutting force is again subsequently increasing. 
Both statements are supported as well as refuted by arguments in the litera
ture. Thus, for example, RICHTER [17] reports on grounds of tests performed 

5 Periodica Polytechnica :\1. IX/I. 
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with steel samples that by increasing the setting angle from 40° to 90° the 
main cutting force 'Iill similarly increase, if fixed cutting is performed. This 
author explains the increase with the action of the secondary cutting edge. 
HORNUKG [18] at the 1st Hungarian :!VIachine Tool Congress represented the 
other opinion. On the same occasion KAZI:'>CZY [19] theoretically, proved, 
having selected the phenomena taking place in the chip root as a basis, that 
increasing thc setting angle would reduce cutting force. 

As the Figures show, in course of the experiments referred to above cut
ting force decreased with the increase of the setting angle. Calculations made 
by making use of the results obtained reveal that there is a similar relation 

between setting angle and cutting force to that found between the theoretical 
medium chip thickness (as calculated by means of the edge length involved 
in cutting) and specific cutting force. This fact explains the experimental 
results obtained and, simultaneously, supports the opinion represented by 
Hungarian research workers at the 1st :JIachinc Tool Congress. 

The numerical relation between cutting force and setting angle can he 

determined by utilizing the graph presented in Fig. 11. Accordingly, 

In practice, setting angle effects are usually taken into account through 
correction factors. In the present case these are: 

60 75 90 

1 0.97 0.9-1 0.92 

For comparison salve, it will be noted here that Kashirin's correction 

factors [20] are, as calculated for steel samples and for the above setting anglcs, 
as follows: 1, 0.98, 1.03, 1.08. 

Conclusions 

In determining the relationship between cutting force and tool form, 

the following statements may be made as a summary on grounds of the experi
ments performed with test samples. 

The relief angle effect exerted on cutting force may be considered as 
given by the relation 

For the material types tested and for those similar to the tested types, 
the magnitude of the relief angle should preferably be selected as 10° min. 
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By increasing rake angle, cutting force will decrease up to about y = 35°. 
For this phase, the relation 

applies. According to experimental results, no rake angles exceeding the value 
y = 35 0 are suitahle for cutting the material tested, as far as cutting force is 
concerned. 

As for end cutting edge angle and nose radius effects, a qualitative rela
tions can be established. According to the test results, the selection of a 
T = 15 0 end cutting edge angle is recommended. If the reduction of the cutting 
force is aimed at, the smallest possible nose radius should be selected. 

The influence of the setting angle of the main cntting edge as exerted 
on cutting force may he expressed hy the relation 

According to the investigations, there is always a lower force pertaining 
to greater setting angles. Force variations are explained by the variations of 
medium chip thickness as well as hy that of the specific cutting force. 

The experimental results partly supplement and, on the other hand, 
confirm the data found in the literature concerning steel samples. 

Summary 

The present paper deals with the experimental inyestigation on the relation of cutting 
force to the geometrY of tools by discussing the effects of relief angle, rake angle, main cutting 
edge setting' angle. end cutting edge angl~. and nose radius YariatiollS exerted on the mai~ 
cutting for~e fo; experimental'alu~iniu~l alloy. 

References 

1. TDIE, J. A.: CorrpOTIlBcleHIle ~leTaj!:10B II ,J,cpeBa pe3HHlIlO. Petrograd, 1870. 
2. TAYr~oR. F. V. and WALLICHS, A.: Uber Dreharbeit und Werkzeugstahle. Berlin. Springer 

1908. 
3. REJTO. S.: Az elmeleti mechanikai technol6gia alapelyei €os a femek technol6giaja (The 

fundamental principles of the theoretical technology of mechanics. and the technology 
of metals). Vo!. 2, Budapest 1918. 

·t. KRO:'l'E:'I'BERG, 11.: Zerspanungsversuche in Japan. Maschinenbau 319, 434 (1929). 
5. Lli'I"GmlA:-i:-i, 0.: Wirtschaftliches Drehen und Bohren von Elektron. ~Iaschinenbau 589 

(1933). 
6. KRIYOUHOV, V. A.: remleTpm! If KOHCTPYKL\l!7! pe3L\OB ,J,.17! BbICOI(OCKOpOCTHOrO pe3aHl!5f 

\leTa.l.10B If pe3Y,lbTaTbI BHe,J,peHl!7! lIX B rrpO~lbIIll.leHHOCTb. ~fasgiz, ~Ioscow, 1949. 
7. ROBI:'I'so:-i, F.: Influence of rake angle on cutting force in milling - ~!achinerY. London. 

1933, October. p. 663. ' , , .. 
8. HOR:'I'U:'I'G. A.: Hazai forgacsolas-elm€oleti kutatasok eredmenvei (Results on cutting 

Theory Research in Hu'i:tgary). GTE. 1953 (manuscript). . 

5* 



68 :i. KARDOS 

9. :'tUTE. P.: Automata acclok megmunkalhatosaganak kiserleti vizsgalata (Experimental 
investigation on the machinability of free-cutting steel samples). Budapest. 1959 
(manuscript). 

10. BrDAv . .\.RI, P.: C-35 automata-acel megmunkalhatosaganak kiserleti vizsgalata (Experi
mental investigation on the machinability of C-35 free-cutting steel). Budapest. 1960 
(manuscript). 

11. KARDOS. A. and :'ttULLER. 1.: Pneumatikus elven miikodo forgacsoIasi eromero kesziilck 
(Pneumatically operated apparatus for cutting force measure~ments). Gep, 7. 261 (1963). 

12. BAKOXDI. K.: Nagyszilardsagu acel megmunkalhatosaganak vizsgalata (:'tlachinability 
test of high-tensile steel samples). ByIE Scientific Almanac. Tankonyvkiado. Budapest 
1961. 

13. 

u. 

15. 

16. 

17. 

18. 

19. 

20. 

TOTH, P.: C-35 acel esztergaJhatosagi vizsgaJata (Investigation on the turning character
istics of C-35 steels). Budapest. 1963 (manuscript). 

KARDos, A.: NyuIasmeroszulugokkal mukodo forgacsolasi eromerokesziilek (Cutting dynu
momete! apparatus operating with strain gauges). :Vleres es Automatiku 9, 278 (1958). 

KARDos. A.: A szerszamclturtam vizsgalata aluminiumotvozet esztergalasakor (In .... esti
gations ,on tool life in connection with aluminium ulloy turning). Gep 3, 91 (1964). 

KARDOS, A.: A. forgti.csalukulas vizsgalatu ulumlniumotvozet esztergalasakor (Investiga
tions on chip development in connection with aluminium ulloy turning). Finom
mechanika 12, (19M). 

RICHTER, A.: Die Zerspanuugskrafte beim Drehen im Bereiche des Fliess-spunes. W. Z. 
der T. H. H. 4/5. Dresden 1953. 

HOR","L"XG. A.: A forgacsolaselmelet jelenlegi ,lJ]asa. kiilonos tekintettel a forgacsolasi 
adatok kozotti osszefuggesekre (The present situation on cutting theory with special 
respect to the relations between cutting data). lITA. Publications of the Department 
of Technical Sciences 11, 232 (1953). 

KAZI","CZY, L.: Hozzaszolas a Szerszamgep Kongresszuson a forgacsolasi era kerdesehez 
(Contribution to the problem of cutting force - Presented at the Machine Tool Congress). 
MTA. Publications of the Department of Technical Sciences, Vo!. n, 238 (1953). 

KASHIRIK A. J.: Femforgacsolas gyorsacellal (:VIetal cntting with high-speed steel). 
Bndapest, l\ehezipari Kony .... kiud6. 1952. 

Arpad KARDOS, Budapest XI. Sztoczek u. 2-4. Hungary 


