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NOTE ON OR1KlGONAL· CHIP FO~ING 

(Chip Breaking) 

P.C. Veenstra 

1. Chip Fonner Geometry 

The relevant geometric quantities of a chip fonner have b,een lis~ed/ .-. 
in fig. 1. 

On the assUIllltion, that the action of the chip fonner results. in 
an tmifonn radius ,of bending of the chip it holds 

r = (1-1 ) cot! e - ! t m c. (1) 

This curvature may arise either as a consequence of deformation' 

of the shearplane or it is due to continuous plastic bending of 

the chip in the plane 0, where the maximum value of the .bending 

moment prevails (1l. It must be kept in miild that this latter case 

is not identical with the static plastic bending of a bar, where. 

the radius of curvature would range between a minimum value in 01 

and infinite in A corresponding with the decreasing value of ~ 

bending moment. Due to the continuity of the chipping process the 

initial radius rm generated in 0, is kept.by the chip when neglecting 

the elastic spring back. 

With an eye to mechanical strength the g~ometry of the chip fo~r 

sometimes is chosen according to fig. 2 where fonnula 1 transforms 

into 

r = (1-1 -0.578) 1.73 - ! t m c (2) 

Qdp breaking will take place when geometrical conditions allOW the 

chip to hit either the workpiece or the tool, thus forcing a 

bending back of the chip to a larger radius of curvature accompani~ 

by exceeding the yield strain of the chip's material. 
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2. Chip material 

It can be assl..Ulled that in the case of cutting steel the materia]; 

of the chip behaves in an ideal plastic way {2}. 
The very high value of effective strain in cutting results in 
pla$tic saturation, which means that in the chip formed the . 

strain hardening exponent is close to zero. 
This :implies {2.3} that the yield stress is strictly proportional. 
to Vicker's hardness 

(3) 

Young's modulus of the chip material is temperature dependent. For 
the present purpose it is agreed on an average chip temperature . 

of 600oC, which gives {4} 

4 2 E ~ 15,75.10 N/mm (4) 

This averaging of temperature and hence of Young's modulus in 
different cutting conditions of course introduces an apparent 
dependence of the yield strain on cutting conditions. In a more 
detailed·analysis the chip temperature in each cutting condition. 

nrust be ,IOOasured and the corresponding value of Young's modulus 
used. 

As it is clear that the cracked inside surface of the chip does 

, . 

not contribute to the mechanical strength of the chip the effective'· 

(solid) thickness tc is defined. This quantity has been IOOasuree' 
seperately in every sample. 

3. Experimental Procedure {5} 

The chip formed, with the initial radius r springs back to a 
m 

radius R • o 
Using for the case of simplicity an uniaxial stress model it holds 

technische hogelChool ................ 
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where 

2 
"3 + t e t 2 2 

- p e 
Ro = rm ---=-------

t - P 

cr 
p ::: 2r :..x mE 

e 

According to eqs.l and 2 the initial radius 

(5) 

geometrical conditions, chip thickness and chip contact length. 

The latter has been measured from the wear pattern on the ral(e.·, 

face of the tool. 

Hardness measurements on the chip and using eqs. 

for calculation of the radius Ro' 

When the chip hits any obstacle and breaks it is 

the radius Ry ~orresponding to the value of the yield strain... , .. 

Neglecting the elastic component and again using an uniaxial,""l 

it holds 

£ =It (_1 __ 1) 
y . 2 e Ro Ry 

In the samples collected from the 

with a radius R according t9 

o· 1 1 
J ::: ! t (- - -) 
E e R \ 

(6) 

(7) 

Using the value of cr known by the former step and measuring the 
. Y 

value R thus gives the values of the yield radius and finally the·. 
yield strain of the chip. 

In order to avoid Bt1E the cutting speed throughout the invest!."",. 

is chosen 2.08 m/ s with a Pl0 carbide tool. The depth of cut ~:t5i 
3.2 IIIll. • 

In the case of small values of feed a chip fonoor as shown in fi~. 

has been used. To avoid confusion the chip former distance in thi$ 
case is represented by the symbol I'. 

,"",plootstech"lelt 
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o 'The results of the measurements are collected in the tables 
I, II and III. 

5 

Table I / observations 
~, ' 

~ " 

nm nr. .chipfonner distance feed type of chip 
, ~~ ~:: , 

I' 1 llIII/rev. 
~ > 

m:n m:n 
, ;, ' 

~ ~'" 1 1.77 (2.35) 0.079 broken 
15 2 1.86 (2.44) 0.100 jammed 

3 1.86 (2.44) 0.125 jammed 
d~ 

; 

4 1.99 (2.57) 0.158 fragmented 
' ~ 

./ 
5 2.11 (2.69) 0.079 curly 

~ " 

6 2.12 (2. 70) 0.100 broken 
7 2.05 (2.63) 0.12.5 broken 

25 8 2.34 (2.92) 0.158 broken 
9 2.41 . (2.99) 0.200 fragmented 

10 3.13 0.100 curly 
30 11 3.13 : 0.125 curly + broken 

12 , 3.23 0.158 broken 
13 3.33 0.200 broken .. 

35 14 3.18 0.250 fragmented 

15 3.48 0.125 curly 
1 

16 3.42 0.158 curly + broken ~ 

17 3.63 0.200 broken 
18 3.59 0.250 broken \ 
19 3.51 0.315 fragmented 

• 

20 3.77 0.158 curly 
21 3.71 0.200 broken 
22 3.83 0.250 broken 

23 3.72 0.315 fragmented 
50 

! 

...,lcplaatatechnl •• 
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nm.nr. , chip 
thicknes 

n:m 

l' 0.350 

4 

6 

7 
8 

9 

11 

12 

13 

16 

17 

18 

21 

22 

nm.nr. 

1 

6 

7 

8 

9 

11 

12 

13 

16 

17 

18 

21 

22 

0.514 

0.417 

0.466 , 
0.529 

0.592 

0.450 
0.510 

0.578 

0.501 

0.583 

0.662 

0.586 

0.676 

860 

880 

860 

860 

850 

830 

830 

810 

860, 

860 

840 

820 

• 800 

Table I I I measurements 

~ffective 
chip 
thickness 

0.322 

0.485 

0.384 

0.431 
0.494 
0.555 

0.407 
0.447 
0.516 

0.444 
0.531 

0.604 

0.527 

0.612 

chip 
contact 
length 

rom 

0.47 

0.59 

0.53 

0.56 

0.67 

0.68 

0.56 

0.66 
0.73 

0.68 

0.76 

0.81 

0.79 
0.87 

Table III I calculations 
r 
m· 

nrn 

2.09 

2.56 

2.36 
2.64 

2.71 

3.24 

3.22 

3.24 

3.52 

3.69 

3.51 

3.79 
3.81 

2.24 

2.77 

2.52 

2.86 

2.86 

3.53 

3.48 

3.45 

3.85 

4.01 
3.74 

4.11 

4.06 

Vickers 
hardness 

2570 

2600 

2650 

2570 

2590 

2560 

2500 

2490 

2430 

2590 

2590 

2530 

2470 

2400 

6.3 
7.7 
6.6 

6.4 
5.2 

8.4 

10.3 

7.2 

9.5 

7.8 
7.5 

9.1 

7.3 

4.7 y 

6.9. 

8.2~ 

6.3 

7.7 
6.7 

6.6 

7.7 

6.5 

4,,0 

4.4 ' 

5.3 
4.8 

4..4 
3.3 

4.3 
3.9 

3.4 . 

3.2 
4.0 
3.S 
3 .. 3 
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As shown in graph fig. 3 the yield strain proves to be practically 

independent on the feed but shows a tendency to increase at smaller 

values of the chip fonner distance. As remarked earlier this ef~" 

is probably due to differences in chip temperature. 

4. Optimal conditions 

The observations listed in table I do not refer to optimal con.atti~ 

in the region between fonning of continuous chips and broken ch~·. 
As the Jathe available is not equiped with continuous feed cont~l 

in the present exp&rirnents the chip fonner distance is changeciat 

constant feed rate up to the transition point where both types of 

» dPips are cut. The broken chips have been sampled in order to 

25 

50 

determine their values R, t andt . e 
An example is shown in table IV. 

Table IV 

feed 0,158 mm/rev. 

optimal conditions 1 = 3.56 mrn 

R t t - t 
mm mm mrn 

8.5 0.49 0.055 
11. 25 0.50 0.068 
10.0 0.50 0.070 
10.75 0.49 0.052 
10.25 0.49 0.060 

10.1 0.50 0.061 

e 

The yield stress is averaged from table III at cr = 840 N/mrnZ 
y 

Applying eq. 7 renders 

%pt = 13. 4 mrn 

Averaging the value of the yield strain in the region investigated 

at £y = 3.5% formula 6 gives Ro = 4.31 mm. 

1-------------------------- --------~-----------....... - ................ ~~fc,:; 
werkplaatltechnlelc 
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From eq. 5 it follows r = 3.90 IlUIl and hence formula 2 ren.dets m 
1 = 3.68 Iml. 

The results obtained this way have been listed in Table V,. 

Table V 
optimal chip former distance 

feed ImTl/rev. chip former distance 
IlUIl 

0.079 2.55 

o. 1 2.97 
0.125 3.32 

0.158 3.68 

0.2 4.08 

The graph fig. 4 presents this curve of critical or optimal 
conditions compared with experimental observation. 

s. Conclusion 

? ',~ 

This note elu~idates the principal possibility of determining 

• 

on the basis of a simple mechanical model the relation between. 
feedrate and chip former dis.tance in order to obtain long brokelt 
chips in cutting particularly in the important region of low feed 
rates. Decreasing of the chip former distance promotes the creatidB. 
of short-broken and fragmented chips and on the contrary increasing 
of the optimal distance ca~es forming of curly continuous chips. 
To enable the necessary calculations several fundamental quantities 
nrust be knWn like hardness and yield strain of the chip material, . 

chip contact length and effective chip thickness. 
It is obvious that some of these depend on cutting conditions 
and tool geometry which greatly complicates the problem. 

werkplaatltechnlek 
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1, l' chip former distance rnm 

lc chip contact length nun 

B chip former angle rad 
30 f-

chip thickness t nun 

t effective chip thickness nun e 
rm initial chip radius rnm 

35 I- Ro chip radius after spring back nun 

R yield radius rnm y 
R final chip radius nun 

• f- Ey yield strain 
2 

0y yield stress N/rnm 

l\r vickers hardness N/nun2 

E YOlmg's modulus N/rnm2 

'" f-

501-

werkplaatltechnlek technlach. hog.school ........, ... 





bIz 






