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SECTION 7. Mechanics and machine 

construction. 

 

STRESSES IN A STEEL RING AT CLAMPING IN A THREE-JAW 

CHUCK 

 

Abstract: The results of experimental researches of stress-strain state of a metallic ring with a wall thickness 

from 0.5 to 10 mm at a classical clamping scheme in a three-jaw self-centering lathe chuck are presented in the 

article. The dependence analysis of shear stress of the ring from the wall thickness and arising bending moment 

τ(S;M) was performed. 
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Introduction 

Boring of thin-walled metallic rings is performed 

on universal or automated lathes at observance of the 

certain conditions of mechanical processing. 

Excessive clamping of a processed workpiece by jaws 

of a lathe chuck leads to a distortion of a geometric 

shape of the ring [1 – 9]. This distortion is expressed 

in a deflection of an outer diameter, and after boring 

and the inner diameter of the ring in places of 

clamping [6]. In turn, insufficient clamping force can 
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lead to snatching of the ring from the jaws of the lathe 

chuck under the action of cutting forces. Special 

machine retaining devices excluding elastic and 

plastic deformations of the workpieces are used at 

turning of a large number of the thin-walled rings. The 

presented clamping scheme is used at mechanical 

processing of the small number of the rings in an 

experimental (individual) production. Prediction of 

stress-strain state of the metallic ring at clamping in 

the three-jaw lathe chuck can be obtained by thickness 

changing of the processed workpiece and 

mathematical processing of the results of performed 

experiments. 

 

Materials and methods 

Stress-strain state of the metallic ring was 

determined in accordance with the loading scheme 

(the Fig. 1). The ring is clamped with some force in 

the lathe chuck at the outer cylindrical diameter by 

three self-centering jaws. There were performed 39 

experiments in which thickness (S) of the ring from 

0.5 to 10 mm was changed. A changing step of the ring 

thickness was adopted 0.25 mm. 

 

 
Figure 1 – The loading scheme of the metallic ring clamped by three jaws of the lathe chuck. 

 

The other source parameters were taken constant 

for each performed experiment: the outer diameter of 

the ring d is 50 mm; external force on the ring F1, F2, 

F3 is 1000 N; the width of the jaw of the lathe chuck 

B is 12 mm; yield stress of the metallic ring Re is 355 

N/mm2; the allowable stress factor of the ring material 

is 0.6. 

 

Results and discussion 

The diagrams of stress-strain state of the ring 

material (the axial, moment and UC diagrams) when 

S = 3 mm are presented in the Fig. 2. On the diagrams 

it is seen that axial stresses in the ring material and 

bending moment have negative values. However, in 

material of the deformed ring there are arised stresses 

with the positive values. Thus, you can say that the 

clamped metallic ring is exposed simultaneously by 

tension and compression. 

Herewith, maximum stresses occur in material 

volumes of the thin-walled ring which do not expose 

by external load. The coefficient of deformation of the 

metallic ring is: 73 when S = 0.5 mm; 2.8 when S = 

2.5 mm; 0.7 when S = 5 mm; 0.3 when S = 7.5 mm 

and 0.1 when S = 10 mm. 

The dependence of inertia moment (J) from the 

ring thickness is presented in the Fig. 3. Inertia 

moment of the ring is increased with increasing of 

thickness (at changing only the inner diameter). 

Increasing of inertia moment in 1000 times is occurred 

at tenfold increasing of the ring thickness (from the 

minimum to maximum value). 

 

  
 

A) B) C) 

 

Figure 2 – The diagrams of stress-strain state of the metallic ring when S = 3 mm (A – the axial diagram, B – 

the moment diagram, C – the UC diagram). 
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Figure 3 – The dependence of inertia moment from the ring thickness. 

 

If the ring thickness does not change, then at 

constant external force, bending moment (M) will not 

change. By changing the ring thickness in the adopted 

range, the value of bending moment changes, and 

therefore, and shear stress (τ) of the ring material. 

How it is changing shear stress will show integration 

of the function τ(S;M) = -28.2651 – 0.1619M + 

26.068S – 2.7608×10-5M2 + 0.0096MS – 0.3613S2. Let 

us choose the integration range by the ring thickness 

based on the analysis of the dependence graph J(S). 
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where -2156 N×m and -1508 N×m are the lower and 

upper limits of integration for bending moment, 

respectively. 

Let us integrate by the ring thickness 
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Let us convert mm to m and integrate by bending 

moment 
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The calculation result shows that tension 

deformations of the ring material are prevailed over 

compression deformations. Therefore, inevitably 

there is occurred a deviation from circularity of the 

ring after machining. 

 

Conclusion 

Based on the performed experiments and the 

mathematical calculations by determination of stress-

strain state of the metallic ring at load can be drawn 

the following conclusions: 

1. If the ring thickness more than 3 mm that 

inertia moment does not change significantly, what 

says about large stresses in material. 

2. Optimal forces (boundaries of integration) 

were selected by means of the mathematical 
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calculations in which minimum elastic and plastic 

deformations of the ring were defined. 
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