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Quantitative analysis of forces in boring process and providing a new formula

for calculation of tool-tip force
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Due to its complex dynamics, turning process has always been of interest to machining researchers and much
effort has been made to determine the forces. Various experimental and quasi-experimental methods are used
to calculate the values of static and dynamic cutting forces. The methods are usually based on chip dimensions.
Cutting stability amplitude is calculated using these methods. However, there are still a lot of unknown aspects
about this subject and the aim of this paper is to clarify one of them which is to define the amount of difference
between Altintas formula, dynamometer value, and the value which is obtained by providing a new method
based on the equation governing the vibration of tools. Practical tests are done to verify the results. The tests
are performed for boring state with different parameters and the force signal is simultaneously measured and
determined at the end of the tool using a dynamometer and the new method in which the acceleration of one
point of the tool is used. Using the results of these two signals, the parameters needed to calculate the force
components in Altintas approach and the new method are derived. Finally, for the two tests, radial components
of the derived force of dynamometer and these two methods are calculated and compared. The results show
that the tool tip force, resulting from the new method which considered the effects of displacement and
acceleration tool, obtains the greatest force amplitude. The force at the end of the tool which is derived by
dynamometer has lower amplitude (about 25% of the amplitude in the new approach). Finally, the force
resulting from Altintas approach has the lowest amplitude (about 2% of the amplitude in the new approach), in
which the cutting force is only considered as a factor of chip dimensions. Therefore, because of their important
differences, these forces should not be used interchangeably.
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Table 4 The variable parameter of tests.
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rate=65536 Hz) ). A-In x direction B- Iny direction C-In z direction
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Fig 16 Calculated dynamic forces of Altintas method, test No. 1
(sampling rate=65536 Hz) ). A-In x direction B- In y direction C-In z
direction

EH) Sl g, 5l ead abre (Selns o 160 S0

2@)@4@)3; 1396 oo 9 jwls bl 35 9 il waiie

ST b 5 el gt -1-4
Gamlme @y Sl bl g, cnl po Ly, Sl eslanal sl
Sl Shp mlpe Sl g adlie o 4 byrpe (ip ulps
solie 5l eolanul b oS el bl g0 j0 Soliss (59,0
sl 00 0318 D Jgaz 10 iloads dwlore Seiliwl (g5,

ol sl Gl G, 5l (Sl 98 e sl
oy Culs s edly By b Gin sl @ L oses!
il alae 00 sl b 45 Lol 1 el bl IS i
Sz dw po lpl Se abels xals b el )l g0l 13
[14] sy r 1ol (15) aa 3 ool

h=—[x() —x(t—T)]

b=—[y(t) —y(-T)] (15)

X yeome gliwly yo Jlnl Se olul> X Gl e as
090 S by T g Y jemme lwly o Sl So abalzy
tnslone (16) alsl, 51 a5 sl sl sy S ksl i >
60 e
r-% o

43S 90 qu> p Baskad g ey Nl 0 a8
el

Gllas Lol slays2e (15) abaly ;0 a5 ol S5 4 p3Y
aid 5 e olajgome boaS sl oas as S L 0 9 IS
sl Sgliie 2 S 50 o

@lmlr ol b plgee (Bl Job oge 5l ool L
b pbulz jlade ol Skl jls alals 4 Il 5l alais Sy
13,5 arlna (18) 5 (17) abasl, 511, )13l S5 p3 (o0
(0= 9] "D = gus0 (D

w(l, t) = W, (Dn, () A0
. = W)~ O =i

w(s, t)

(18)
Slp Feb bl yo 090 JS& sl Up (x) (ol 50 oS
slol 51X alols jo o1 sloxtl S g lo 5 slel SO L s
stly 50,5l S alulzula ) 5 [16] t (lej 50 5 )15
[16] t oley yo 5 Jll slesl 51X alols jo (X y9me) Jsbo

Table 5 Cutting constant of dynamic force
Seolizd 5558 Shp s S Jgux
K, Ky
1/5x10° 5/4x10’ 1

u}o)l o)Lo..'fJ

18



Oed 9 (i ald @230

Il S 93 59 8 Ao Slrs Saan gy Al g HBHTUSIS 34sr3 )3 g a5 (565 )2

1 o)les (yg050 o (4l 45 aiges 65536

1000
500
z
8 0
2
(=]
w
-500
-1000 g : i .
0 0.2 04 0.6 0.8 1
Time (s)
y b, jo -l
1000
500
z
8 0
I
=}
i
-500
-1000 . : ' '
0 0.2 04 0.6 08 1
Time (s)
Y4 6l.a..4l) o T

Fig 19 Calculated forces in new method, test No. 1 (sampling
rate=65536 Hz). A-In x direction B- In y direction C-In z direction
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Fig 17 Calculated force of displacement signals in new method, test
No. 1 (sampling rate=65536 Hz) ). A-In x direction B- In y direction
C-In z direction
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Fig 18 Calculated forces of acceleration signals in new method, test
No. 1 (sampling rate=65536 Hz). A-In x direction B- In y direction C-
In z direction
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Fig. 23 Calculated dynamic forces of Altintas method, test No. 2
(sampling rate=65536 Hz) ). A-In x direction B- In y direction C-In z
direction
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Fig. 24 Calculated forces of displacement signals in new method, test
No. 2 (sampling rate=65536 Hz). A-In x direction B- In y direction C-
In z direction
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Fig. 22 Displacement signal in test No. 2 (sampling rate=65536 Hz) ).

A-In x direction B- In y direction C-In z direction for x, y and z
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Fig. 25 Calculated force of acceleration signals in new method, test
No. 2 (sampling rate=65536 Hz) ). A-In x direction B- In y direction
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