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Abstract

Ring rolling is an advanced plastic forming technique which is used to manufacture precise seamless rings. Rolling ratio is regarded as
a decisive parameter for the ring rolling process because it decides the blank dimension, reflects the ring deformation degree and influ-
ences the forming results. However, its importance for the ring rolling process is always neglected. In this paper, the effect of rolling ratio
on the groove-section profile ring rolling is firstly investigated. The relationships between rolling ratio and blank dimension, rolling ratio
and ring deformation degree are theoretically studied and a theoretical value range of rolling ratio is proposed. Then, with FE simulation,
the influences of rolling ratio on the forming results are revealed. Based on comparison and experimental verification, a reasonable value

range of rolling ratio is determined.
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1. Introduction

Ring rolling is an advanced plastic forming technique to
cause a ring to reduce its thickness, enlarge its diameter and
shape a profile on its surface [1], which is used to manufacture
precise seamless rings with various dimensions, shapes and
materials. Ring rolling has many advantages such as high
productivity, uniform quantity, smooth surface, material sav-
ing and it has been used in many industry fields, including

aeronautics, astronautics, automobile and atomic energy etc [2].

At present, many research on ring rolling has been carried
out by experimental method [3, 4], analytical method [5-7]
and finite element method [8-10], which study various aspects
like technology design [11, 12], deformation condition [13,
14] and material properties [15]. However, most of the re-
search focused on rectangular section ring rolling and profile
ring rolling was rarely investigated, because of the complex
deformation rules in profile ring rolling process [16]. A
groove-section profiled ring is a typical kind of profiled rings,
which is an important part of a ball bearing. Compared with
the conventional manufacture methods of groove-section pro-
filed rings like forging, flame cutting, ring rolling shows more
economical advantages in productivity improving and material
saving. So, in recent years, many attempts have been made at
the groove-section profile ring rolling. Hua et al. [17] firstly
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gave the expression for the motion track of guide roll by ana-
lytic calculation. Subsequently, Hua et al. [18] developed a
complete 3D FE simulation model to simulate the ring rolling
process and testified the model validity by experiment. Hua et
al. [19] proposed the plastic penetration condition by FE simu-
lation. Qian et al. [20] investigated the ring gripping condition
and its influence factors using statics theory. Qian [21] re-
vealed the movement rules using theoretical calculation and
FE simulation. These researches established a theoretical basis
for the application and development of groove-section profile
ring rolling, but they are still weak to instruct the actual pro-
duction for lack of the research on technical design.

Rolling ratio is defined as the ratio of the sectional area of blank
to that of rolled ring, which is regarded as a decisive parameter for
the technical design because it directly influences the blank
dimension and ring deformation degree [22]. However, this
parameter has not been investigated and its importance for
ring rolling is always neglected. So, with no theoretical in-
struction, the value of rolling ratio is usually selected by re-
peated rolling experiments, which consume a large amount of
materials and time. To focus more attention on rolling ratio, a
study for the effect of rolling ratio on groove-section profile ring
rolling is firstly carried out.

2. Theoretical analysis

2.1 Working Principle and deformation character of groove-
section profile ring rolling

The working principle of groove-section profile ring rolling
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Fig. 1. Schematic illustration of groove-section profile ring rolling.
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Fig. 2. Schematic diagram of mechanism of guide roll.

is illustrated by Fig. 1. The blank has a rectangular section
shape. A closed rolling gap limits the axial spread of the ring
and ensures the planeness of the ring end surface. The driver
roll takes active rotation. The mandrel is the pressure roll,
which takes linear feed motion and passive rotation. The guide
roll structure is shown in Fig. 2 [17]. The guide roll fixed on a
frame and its center coincides with the center of the driver roll,
so it can rotate either around the driver roll center or around
the axis of its own. At the end of the frame, a hydraulic cylin-
der produce a pressure P which makes the guide roll to keep
contact with the ring, that help to maintain the stability of ring
rolling process and improve the roundness of the rolled ring.
In the rolling process, the blank is rolled into the rolling gap
repeatedly, one rotation following another, while its thickness
is reduced, diameter is enlarged and groove is formed.

Hua et al. [17] indicated that the groove-section profile ring
rolling process can be divided into two phases. In the first
phase (seen in Fig. 3(a)), the groove ball of mandrel pressing
into the ring gradually and the ring groove is mainly formed
under the feeding of mandrel, but the ring diameter is less
enlarged. In the second phase (seen in Fig. 3(b)), the groove
ball of mandrel has pressed into the ring completely and the
ring diameter is enlarged adequately under the feeding of
mandrel. It can be seen that the process is very complex be-
cause the deformation patterns of the ring in the two phases
are different.

2.2 Relationship between rolling ratio and blank dimension

The rolling ratio is defined as the ratio of sectional area of
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Fig. 3. Two phases of groove-section profile cold ring rolling: (a) the
first phase; (b) the second phase.
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Fig. 4. Ring blank and deformed ring of groove-section profile ring: (a)
ring blank; (b) deformed ring.

blank to that of rolled ring [22], i.¢.,

P} (1)

Fig. 4 shows the dimensions of the blank and rolled ring.
According to geometry relationships,

Ay =ByH,

A=BH +

(R, ~S)B, _ arccos R, =S R} )
2 R, '

b

The axial width of the ring is approximately changeless be-
cause of the axial limitation of the closed rolling gap, so it can
be assumed that

B,=B 3
Substituting Egs. (2) and (3) into Eq. (1), the expression for
H, is obtained

a4

HOB

4

Allowing for volume conservation in metal plastic deforma-
tion, then,

7(Ry —1)By =V Q)

where V is the volume of rolled ring, which is given by

3
V =2B(R*—r*) - 2;;(Bb—k1—ﬂ+ k, arcsini)
2 24 2R,
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k=R —Ryr+Sr, k,=R;(r+S—R,) (©6)

Substituting Eqs. (4) and (6) into Eq. (5), the relationships
between the rolling ratio and the blank dimensions are ob-
tained

V A4 14 A4 AA
o c Tt h= =T "> HO:_ (7)
27AA 2B 2714 2B B

Performing derivation calculus of Eq. (7) on A , one has

H,+r,

. 7, . A
R =—2<0, ,=—"2"0<0, H ==>0 8
0 1 0 ﬂ, 0 B ()

It can be seen that rolling ratio has decisive effect on blank
dimensions. With the increase of rolling ratio, the outer and
inner radii of blank decrease, while the radial thickness of
blank increases.

2.3 Relationship between rolling ratio and ring deformation
degree

The reduction AH is used to represent the deformation de-
gree of ring in the rolling process, which is described as

Hy-H

AH = ©)
0
Substituting Eq. (4) into Eq. (9), one has
am=1-382 (10)
A4

Because the wall thickness of rolled ring is nonuniform, the
reductions at the different ring axial locations are different. As
seen in Fig. 5, the reductions at the axial locations of CE and
GD are the same, whereas the reductions at the axial locations
of EG are different, which distribute symmetrically about
point F. By calculation, the expression for the average radial
thickness of rolled ring is obtained

5 5
H=2(J. 2 H - R =7 +(R—S)]dy+jgl Hdy)/ B
0 b

2

BH - R’ arcsin;i;a —%«/41?2 -B, +B,(R-5)

= 2 (11)

Then, the maximum reduction, minimum reduction and aver-
age reduction are also obtained

(12)
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Fig. 6. Five sub-ranges of theoretical value range of rolling ratio.

Eq. (12) illustrates that rolling ratio has directly influence on
ring deformation degree. With the increase of rolling ratio, the
maximum reduction, minimum reduction and average reduc-
tion all increase, thus the ring deformation degree also in-
creases.

2.4 Theoretical value range of rolling ratio

Eq. (8) indicates that the larger the rolling ratio 4 , the larger
the radial thickness of blank /7, and the smaller the inner
radius of blank 7, which have some potential disadvanta-
geous effects on the ring rolling process. Hua et al. [11]
pointed out that the feed amount per revolution in ring rolling
Ah must satisfy the following condition to realize the stable
ring rolling process.

Ahy, < AR< A

A, =6.55x107 3 (v 1 Ho
R R, Ry
2
ap 22EcEn’R g R RH, 03

R (B RI/R2)2 R, Ry

where R, and R, are the working radii of the driver roll
and mandrel, respectively; x4 is the friction coefficient be-
tween the ring and rolls; A#h,,, is the minimum feed amount
per revolution required for the ring plastic penetration condi-
tion and Ah,,, is the maximum feed amount per revolution
allowed for the ring gripping condition.

From Eq. (13) it can be seen that with the increase of H,,
Ah,,, can increase, while Ak, can decrease, thus Ah,
may exceed Ah, when H, increases to a certain large
value with the increasing of A . So, a large rolling ratio may
cause to the unstable deformation of the ring in the rolling
process.

Furthermore, the smaller the 7 , the smaller the working ra-
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dius of mandrel R, and the strength of mandrel is lower,
which may easily lead to the mandrel fracture in the rolling
process; on the other hand, the larger rolling ratio means the
larger deformation in ring rolling process, thus the power con-
sumption is higher and the working life of equipment may
decrease under the high load condition in mass production. So,
a large rolling ratio is harmful to the working lives of the
equipment and mould.

By comparing the production status of various typical rolled
rings, Hua [22] summarized that the ring rolling technique is
usually used to process the ring with thin wall, of which the
thickness is far less than the diameter (usually has
H,=1/2R, " 1/5R,). So, by referring Hua [22] and above
analysis, this paper assumes H,=1/2R, as the ultimate
condition for the ring blank satisfied for the stable rolling of
groove-section profiled ring. Then, the maximum value condi-
tion for the rolling ratio can be defined, that is, the radial
thickness of blank is not greater than the inner radius of blank.

H,<r, (14)

Substituting Eq. (7) into Eq. (14), one has

VB
Anax Sl 15
o ST (1s)

According to the deformation characteristic of ring rolling,
The radial thickness of blank must be greater than the maxi-
mal radial thickness of rolled ring, which can be defined as the
minimum value condition for the rolling ratio, i.c.,

BH
A >— 16
‘min A ( )

According to Eq.s (15) and (16), the theoretical value range of
rolling ratio is determined

BH VB
—< AL 3
37 A

(17)

For the convenience of following comparison, the theoreti-
cal value range was divided into five sub-ranges, which are
called I, II, III, IV and V, respectively, as shown in Fig. 6.

According to Fig. 6, the value ranges of the five sub-ranges
are defined as

[ Ain = sin + 0.2(Aia = Ain))]
I [Ain 0200 = Amin)] = [Ain + 08 (Ayax = Ainin)]
L[4, +0.4( A — Amin )] = [Amin + 0-6( A — Ain)]
Vo [Ain +0-6(A0x = Ain)] = [Asin + 0-8(Ainax = Anin)]
Vo [Apin 0-8( Ay = Ain )] — Ainax (18)

3. Comparison with FE simulation

Because above theoretical analysis does not consider the ef-

fect of rolling ratio on the forming results, the theoretical
value range is wide and imprecise. So, based on the theoretical
analysis results, a comparison with FE simulation is carried
out to reveal the effect of rolling ratio on the forming results
and to determine a precise value range of rolling ratio.

3.1 Key technologies for FE modeling

In the previous works, FE modeling skills for the cold ring
rolling process has obtained enough study. Based on the pre-
vious research, Hua et al. [19] firstly developed a valid 3D FE
simulation model for groove-section profiled ring rolling with
the elastic-plastic dynamic explicit FE method. In their re-
search, the FE modeling process was described in detail and
the model validity was testified by experiment. So, Based on
the ABAQUS CAE software platform, a valid FE model for
can be employed in this study by referring to Hua et al. [19].
The key technologies for FE modeling are described briefly as
follows.

(1) Cold ring rolling simulation is considered as a quasi-
static problem that does not consider the inertial effect during
the operation, thus the explicit dynamic finite element proce-
dure is used to avoid the huge computation time and conver-
gence problem of the implicit procedure for the improvement
of computational efficiency [13].

(2) Attificially increasing the density of the material, i.e.
mass scaling, is a preferred speed-up method [23]. A general
rule to obtain an appreciate mass scaling factor, that is, the
kinetic energy of deforming material should not exceed a
small fraction (typically 5-10%) of its inertial energy through-
out most of the process [24]. In this model, the mass scaling
factor is defined as 100 to obtain an economical solution.

(3) The rolls and ring are treated as analytical rigid bodies
and a deformable body, respectively. Three contact pairs are
defined between the ring and the driver roll, mandrel and
guide roll, respectively. It is assumed that the friction on the
contact surfaces between the ring and the rolls meet the Cou-
lomb friction law and remain unchanged during the whole
rolling process.

(4) Because the axial spread of the ring is negligible, the ax-
ial constraint is applied to the end surface of the blank, that is,
axial displacement of the nodes on the ring end surface is not
permitted.

(5) A uniform mesh with an 8-noded first-order reduction
integration continuum element (C3D8R) is used. The ALE
adaptive remeshing and hourglass control techniques are em-
ployed to reduce the mesh distortion and control the zero-
energy mode [25].

(6) The motion of the guide roll can be effectively con-
trolled by the method, which was described in detail by Hua et
al. [17].

The material of the ring is GCr15 bearing steel. Its density,
Young’s modulus and Poisson ratio are 7850 kg.m>,
219.1GPa and 0.3, respectively. And its constitutive equation
at room temperature is [18]:
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o =219.1¢°(GPa) £<0.001856
o =[847(¢”)*'*’ +30.37](MPa) &> 0.001856

where o the is true stress, £°and &’ are the true elastic
strain and plastic strain respectively and ¢ is the true total
strain.

The simulative condition is summarized in Table 1. Accord-
ing to Table 1 and Eq. (17), the theoretical value range of roll-
ing ratio is obtained. Taking 0.05 as the interval of the value
of A, the dimensions of the blanks under different values of
A are computed by Eq. (7), as shown in Table 2.

Table 1. Simulative condition.

Parameters Value
Outer radius/mm 45
Inner radius/mm 37.175
Dimensions of Axial height/mm 23.1
deformed ring Radius of groove/mm 9
Radial deepness of groove/mm 2.81
Axial height of groove/mm 13.067
Outer radius of driver roll/mm 108.52
Working radius of driver roll/mm 103.61
Dimensions Outer radius (Zit; Slr/(r):l)r\r/le ball of man- 19.95
of rolls Outer radius of mandrel/mm 19.64
Working radius of mandrel/mm 17.14
Working radius of guide roll/mm 13
) Rotational speed of driver roll/r.s-1 243
pzfarrrnn:tlegrs Feeding speed of mandrel/mm.s- 1
Friction coefficient 0.15[26]
Table 2. Dimensions of blanks under different values of 4 .
Blank No. Ry /mm p/mm | Hy/mm | By/mm | A
1 38.653 30.58 8.073 23.1 1.2
2 37.436 29.027 8.409 23.1 1.25
3 36.326 27.581 8.745 23.1 1.3
4 35311 26.23 9.081 23.1 1.35
5 3438 24.962 9418 23.1 1.4
6 35.525 23.771 9.754 23.1 1.45
7 32.739 22.648 10.091 23.1 1.5
8 32.013 21.586 10.427 23.1 1.55
9 31.344 20.581 10.763 23.1 1.6
10 30.726 19.626 11.1 23.1 1.65
11 30.153 18.717 11.436 23.1 1.7
12 29.623 17.851 11.772 23.1 1.75
13 29.132 17.023 12.109 23.1 1.8
14 28.677 16.231 12.446 23.1 1.85
15 28.254 15472 12.782 23.1 1.9
16 27.861 14.744 13.118 23.1 1.95
17 27497 14.043 13.454 23.1 2.0

3.2 Simulative results and discussion

3.2.1 Force and power parameters

The force and power parameters mainly include rolling
force and rolling moment. Because the rolling force and roll-
ing moment fluctuate in the whole rolling process, average
rolling force F and average rolling moment M are used for
comparison.

Fig. 7 shows the variation curves of F and M with A .
The average line in the figure represents the average value of
the vertical ordinate. It can be seen that F and M firstly
descend, then ascend with the increase of A .

The rolling force and moment have obvious relations with
the feed amount per revolution Ak as the increasing Az can
cause the deformed material per time in the rolling gap to
increase, resulting in the rise of deformation resistance, thus
the required rolling force and moment can ascend [13]. Hua et
al. [11] has given the relationship between Ak and the outer
radius of blank R , that is

A= 27vRy (19)
mR
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Fig. 7. Variation curves of F and M _with 4 : (a) variation curve
of F with A ;(b)variation curve of M with A .
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where v is the feeding speed of mandrel, n, is the rota-
tional speed of driver roll. So, from Egs. (8) and (19), it can be
seen that with the increase of A, Ah decreases, the rolling
force and moment can descend.

On the other hand, with the increase of A, the ring defor-
mation degree increases, thus the degree of strain hardening of
material increases and the deformation resistance ascends,
which can lead to the increase of rolling force and moment.

When the increase of A is less, the change of ring deforma-
tion degree is little and the influence of decreasing Ak on
the rolling force and moment is dominant; while, when the
increase of A is large, the increase of ring deformation de-
gree is obvious, thus the influence of the increasing ring de-
formation degree is dominant. So, with the increase of A,
F and M firstly decrease, then increase.

3.2.2 Geometric accuracy

The geometric accuracy includes the errors of the outer ra-
dius of rolled ring e, , the inner radius of rolled ring e, and
the groove area of rolled ring e, , which are defined as

R_RI _ ’
e = x100% , e ="

o 1

x100%,
r

A, — A4,
¢ = Ex100% (20)

g
g

where 4, means the groove area of rolled ring, which is de-
scribed as

A, = %;;Rj —(R,—S)R,sin0,
6 = arccos bR_ R} 21

b

and R',r', A, mean the simulative values.

Fig. 8 provides the variation curves of ¢,, ¢ and e,
with A . It can be seen from Figs. 8(a) and (b) that e, and
e; increase with the increase of A, while it can be seen from
Fig. 8(c) that e, firstly descends rapidly, then ascends
slowly with the increase of A .

From above analysis it has been known that A% can de-
crease with the increase of A, so the material in the rolling
gap is hard to be penetrated and deform thoroughly with the
smaller A% , which can result in the hard growth of ring di-
ameter. Furthermore, the degree of strain hardening can in-
crease with the increase of A , thus the material deforms dif-
ficultly, which also contribute to the hard growth of ring di-
ameter. So, increasing A can cause to the increase of e, and
e .
Qian [21] has revealed that the deformation rules of ring di-
ameter enlarging and ring groove forming are opposite, that is,
the more adequate the ring diameter enlarging, the more insuf-
ficient the ring groove forming. However, with the increase of
A, the increasing degree of strain hardening can prevent the
material deformation, not only the ring diameter enlarging, but
also the groove forming. When the increase of A is less, the
change of ring deformation degree is little, e, can rapidly
decreases with the obvious increase of e, and e, ; when the
increase of A is large, the increase of ring deformation de-
gree is obvious and the influence of increasing strain harden-
ing on the preventing of groove forming is dominant, thus
e, increases slowly.
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The variation laws of e,, ¢, and e, with A also vali-
date the previous conclusion that the diameter enlarging and
groove forming in groove-section profile ring rolling is asyn-
chronous and interactional. Since the influence of rolling ratio
on the ring diameter enlarging is different from that on the
ring groove forming, a reasonable rolling ratio must be deter-
mined to equilibrate them and obtain the precise rolled ring.

3.2.3 Deformation inhomogeneity

The uniformity of the equivalent plastic stain distribution-
SDP is employed to evaluate the deformation inhomogeneity.
SDP is defined as [27]

SDP—\/Z((PEEQ,- ~PEEQ,)"V)) / >, (22)
i=1

i=1 i=

N N
where PEEQ, = Y (PEEQ,#))/ D V; . PEEQ,is the aver-
i=1 i=1
age equivalent plastic stain (PEEQ), N is the element num-
ber of a ring, PEEQ), is the PEEQ at element i and V; is
the volume of element i .

The larger the SDP value, the more inhomogeneous the ring
deformation and the more likely the ring to produce inner
flaws and surface cracks.

Fig. 9 describes the variation curve of SDP with A . It can
be seen that SDP evidently increases with the increase of A .
As Ah decreases with the increasing A , the plastic zone is
harder to penetrate the ring wall and the ring deforms more
imhomogeneously under the small Ak [22]. Besides, the
increasing A causes to the increase of strain hardening degree
of material, the larger the strain hardening degree of material,
the more difficultly and inhomogeneously the ring deforms.
So, the increasing A can cause to the evidently increase of
SDP.

3.2.4 Processing efficiency

Processing efficiency of a rolled ring is an important index
for the productivity of mass production. Using the process-
ing time of one rolled ring 7 to represent the processing
efficiency. Under the uniform feeding speed of mandrel, T’
can be described as

_Hy-H AA-BH
\% vB

T

(23)

It can be seen from Eq. (23) that for a certain ring product,
T is proportional to A under the same feeding speed. By
calculation, the variation curve of 7 with A is given by
Fig. 10, it can be seen that T linearly increases with the in-
crease of A .

4. Integrated comparison

Based on the above analysis results, an integrated compari-

Table 3. Comparison among the five sub-ranges.

Five sub-ranges
Parameters
I il I v \%
Forceand | "2 | pAD | AD | AD | DAD | DAD
force
power lin
parameters | ' % | DAD | AD | AD | AD | DAD
moment
outer AD | AD | DAD | DAD | DAD
) radius
Geometric inner
accuracy radius DAD AD DAD DAD DAD
groove DAD | AD AD AD DAD
Deformation AD | AD | DAD | DAD | DAD
inhomogeneity
Processsing efficiency AD AD DAD | DAD DAD
1.50
145 /
140 /
g
"51'35_-_--——-— — e e e — -
1.30F
I 11 111 IV V
1.25F
1.20 I L L L ) !
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A

Fig. 9. Variation curve of SDP with 4 .

L)

111 v v

Fig. 10. Variation curve of T with 4.

son among the five sub-ranges is performed to determine an
optimal value range of rolling ratio, as shown in Table 3.

In Table 3, two indexes are employed to evaluate the effects
of five sub-ranges on the forming parameters, which are called
AD and DAD, respectively. If the values of one forming pa-
rameter within one sub-range are all lower than the average
value, AD is selected to represent the advantageous effect of
this sub-range on this forming parameter; otherwise, DAD is
selected to represent the disadvantageous effect. By compari-
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Table 4. Dimension of blanks and rolled rings of four groove-section
rings.

Dimensions of deformed Dimensions of ring
ring/mm blank/mm

r |BIR[S] B, | R, no | B,
6308 | 45 [37.175)23.1] 9 [2.81{13.067| 33.75 24 23.1
6306 |36.45| 29.2 (19.9{7.5|1.7| 9.51 28.5 20.5 19.9

30TMO04(36.1|30.45 22.6/ 8 [1.8(10.111] 32.6 23.55 22.6

32TMO03/40.62|32.8524.6] 9 | 2 [11.313] 34.35 25.1 24.6

Bearing
type R

Table 5. Actual values and theoretical value ranges of rolling ratios of
four groove-section rings.

Actual Theoretical value range
Bearing value
type of rolling 1 I it v \Y%
ratio
6308 1.449 1.15-1.32 1.32-1.49 1.49-1.66 1.66-1.83 1.83-2
6306 1.331 1.08-1.23 1.23-1.38 1.38-1.52 1.52-1.67 1.67-1.8
30TM04 1.263 1.08-1.22 1.22-1.37 1.37-1.51 1.51-1.66 1.66-1.8
32TMO03 1.279 1.09-1.24 1.24-1.39 1.39-1.55 1.55-1.7 1.7-1.86

son, it can be seen that the number of AD in column of sub-
range Il is the largest, this means that sub-range II is the
optimal value range.

To evaluate above conclusion, some actual production data
for groove-section profile ring rolling were collected, as
shown in Table 4.

Table 4 shows the dimensions of blanks and rolled rings of
the outer rings of four kinds of groove ball bearings, which are
manufactured by Huangshi Hatebeier Precision Forging Co.,
Ltd., China. According to Table 4, the actual values and theo-
retical value ranges of the rolling ratios of the four
grooveOsection rings are calculated, as shown in Table 5.

It can be seen from Table 5 that the actual rolling ratios of
the four rings are within the sub-ranges II of the four theoreti-
cal value ranges, respectively. This result validates the conclu-
sion effectively. So, based on the comparison and production
verification, the optimal value range of the rolling ratio can be
determined, that is

0.8BH VB

402 0.6BH VB

> <A< +0.4 >
A 3zA

(24)

3rA

5. Conclusions

In this paper, the influence of rolling ratio on the groove-
section profile ring rolling is investigated by theoretical analy-
sis and FE simulation. The research results show that chang-
ing rolling ratio causes to the changes of feed amount per
revolution in the rolling process and strain hardening degree
of material, the two changes are caused by the decisive effects
of rolling ratio on the blank geometry and ring deformation
degree, respectively. And the two changes are represented by
the variation of forming results like rolling force and moment,

geometric accuracy, deformation inhomogeneity and process-
ing efficiency under different rolling ratios, i.e., with the in-
crease of rolling ratio, the rolling force and moment firstly
descend, then ascend; the errors of outer and inner diameters
of the rolled ring increase and the error of groove area of the
rolled ring firstly decreases, then increases; the deformation
inhomogeneity of the rolled ring increases; the processing
efficiency linearly increases. By comparing, a reasonable
value range of rolling ratio is determined for equilibrating
above variations and its validity is testified by actual produc-
tion.
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Nomenclature

A . Rolling ratio

A, : Sectional area of blank

A : Sectional area of rolled ring

R, : Outer radius of blank

7, : Inner radius of blank

H, : Radial thickness of blank

B, : Axial width of blank

V- : Volume of rolled ring

H : Average radial thickness of rolled ring
R : Outer radius of rolled ring

r . Inner radius of rolled ring

H . Maximal radial thickness of rolled ring
B . Axial height of rolled ring

R, : Radius of groove

S : Radial deepness of groove

B, : Axial width of groove

AH : Reduction

Ah . Feed amount per revolution
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