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RIDING RINGS ON SUPPORT BLOCKS INCLUDED IN THE
SUPPORTING SYSTEMS OF ROTARY DRUMS
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Abstract The rotary drums are technological equipments used in manufacturing clinker cement materials using the
LEPOL process, cooling cement clinker, cooling burnt pyrites exhausted from roasting furnace lines of sulfuric acid,
cooling alumina discharged from calcination ovens, cooling lime exhausted from lime ovens, cooling slag from
chemical fertilizer furnaces, etc. Rotary drums are also used in mixing of powder or granular materials, separation
and enrichment of ore, coal, etc.., washing ores and other minerals, crystallization and extraction of sugar from
sugar beets, etc.., drying various raw materials for cement clinker, clay, marl, furnace slag, coal, grain, etc.. This
paper presents some contributions to the design and verification of continuous contact loose riding rings mounted on

support blocks included in the equipment’s bearing group.
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1. OVERVIEW

The rotary drums support system is represented by
continuous contact loose riding rings mounted on
support blocks. They are important elements because in
this way the loads are transmitted continuously from
drum to the riding rings. This solution is used in case of
very large (diameter 4 ... 5 m) and heavy aggregates
(mass 35 ... 50 t) with large thermal expansion. These
drums involve particular challenges in fabrication,
installation and maintenance, considering that their
average lifetime should be between 15 and 20 years with
no major service [11]. Each bearing group consists of
two cylindrical bearings placed symmetrically with
respect to the vertical plane containing the axis of the
drum (Fig. 1).
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Fig. 1 The riding rings supporting scheme

The optimal position angle of the bearings with respect
to the vertical diametral plane of the drums is y =30°.

For higher values the roller’s load increases and for
lower ones the drum’s stability decreases too much.

In the riding rings appear stresses due to bending
moments, axial forces on the ring section and contact
forces in areas between ring and roller bearings.

The size of these stresses depends on the method of
mounting the ring on the drum.

Below are given the necessary design elements for all
mentioned mounting methods. Analyzing a series of
papers [1, 4, 5, 10, 11, 12, 13, 14] one tried to
summarize the calculations in order to facilitate their
practical use.

2. DETERMINING BENDING MOMENTS AND
PLOTTING OF POLAR DIAGRAMS

In this case the loads transmitted from the drum to the
riding ring are radial and symmetric with respect to the
vertical diametral plane. They are distributed on the arc
corresponding to the center angle 27 -2« (Fig. 2) and
have a continuously cosine variation:

q = G (cos & — cos ) )
where q is the distributed load per unit length of
circumference, N / m;

@ — angle corresponding to the current ring’s section

o - angle from which the load g on the ring starts

o — the determined load [1,2,3] given by:

Qo = Q3
R(n’—a—zsinZaj

Q — load in support, N
R — average radius of the riding ring circumference, m
The angle ¢ varies inthe range a <@ <r.

For ¢ =, the load q has the form [1], given by:

G, = Gplt+cosar) =2 — T T2E @

7r—a—§-sin2a
2

)

The bending moments caused by load q on the ring are
determined using the following relations (fig. 2):
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- for0<¢p<a:
M =M, + NoR(1—cos p); 4)
-for a<p<pg:
M =M, + NoR(1-cosp)+ M, (5)
-for p<op<r:

M =M + NoR(1-cos )+ M, —TRsin(p— B) (6)

where My Ny and M, are determined by the relationships
[12]:
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The force T is determined from equilibrium equation on
vertical direction (fig.1):

Q. ___Q (10)
2cos 2cos S
One takes into account that in these situations the load
acts only on the lower half of the ring (fig. 3). Thus in
the above relations (7), (8), (9), one will use the

particular value o = 90° .
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Fig. 2 The loading scheme for loose riding rings
with continous contact

In this case relation (1) becomes:

2Q
g=-0yCos¢p= —Ecos 1) (1)

where : =% (12)

Relations (7), (8), (9) become:
2 1 N 1 z-p

T 4 2cosp 2

No=- 2| 2+~ p)as| 19

tgﬂ} (13)

(15)

TR
Fig. 3 The lower half loading scheme for loose
riding rings with continous contact

For the particular value y =30° (8 =150°) relations
(13), (14) become:

M, =00128-Q-R; (16)
Ny, =-0013-Q @an
By introducind these expresions into relation (4), (5),
one obtains:

- for0<p<a:
M =QR|[0,01287 —0013(1—cos )]; (18)
-for a<p<p:
M =QR[0,01287 —0,013(1—cos p)|+ M, (19)
-for p<op<r:

M =QR[001287 —0013(1— cos p)]+M ~TRsin(p— 8) (20)
The extreme values of the bending moments are:

M, =—00256 -Q-R  (for ¢ =104°) (21)
Mo =+00633-Q-R  (for p==150°) (22)
The polar bending moments diagram is plotted in fig.4.
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Fig. 4. The bending moment polar diagram for
continous contact riding rings
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In the last case (when ring is loaded only on the lower
half, fig. 3), the bending moments are:

M=K-Q-R Nm (23)
where K is determined using relations [11], [12]:

-for0 <¢ <o

1] 2 1 1 z-p8
K=—=|Z -1 = tg/3 |cos 24
7[|:7[+2COS,3 (4+ 2 gﬂj 4 (24)
-for a< p<p
12 1 3 7-p 20-7 .
=——|= R tgp |cos ¢ + ———sin
ﬁ{ﬂ+2005,8+(4 2 gﬂj oY
(25)
-forg<op<m
_ 112 1—7rsin((p—,6) (Eiﬂ'—ﬂ j 20— .|
K= ”|:ﬂ-+ 2008 f + 2 2 tgps cos<p+72 sing

(26)
Using thess relations, for the particular usual case y =
30° (B = 150°) one obtains the maximum and minimum
values:
- for ¢ = 150°, Ky = 0,086 corresponding to the
maximum moment one obtains:
M max =+00633-Q-R
-for ¢ = 104°, K., = -0,068 corresponding to the
minimum moment one obtains:
M i, =—00256 -Q-R
The polar bending moments diagram is identical to the
one plotted in figure 4.

Using these relations, for the particular case y = 45° (8
= 135°) one obtains the maximum and minimum values :

- for ¢ = 135°, K. = 0,0352 corresponding to the
maximum moment

- for p = 180°, K, = -0,1788 0352 corresponding to
the minimum moment

The polar bending moments diagram is plotted in fig. 5.
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Fig. 5. The bending moment polar diagram for
continous contact riding rings (y =45°).

Paper [10] recommends for loose riding rings, with
continuous contact (= 30° ) the following values of K:
Kmax =0,08 si Kpin = -0,03 (27)
Thus, the K coefficient (used in relation [23]) K=M/QR
is determined using the folowing methods:

a) P.W.NIES Method [15]

-for0 <6<y
1 cos @ .

K=—|(7- c0s @ —————0sinf — ; (28
Zﬂ{(ﬂ 2.1 > COSW} (28)

-fory<b<r

K :i (ﬁ_v/)tgwcosg_w_gsing_i +M
2z 2 cosy 2cosy

(29)
where @is curent angle of section.

The behaviour of K -coefficient is presented in figure 6.
One can observe from this figure that :
- for @ = y = 30° , Ky = 0,086 is obtained
corresponding to the maximum moment:

M max =+00633-Q-R
- pentru for 6 ~ 83° Kmn = -0,068 is obtained,
corresponding to the minimum moment:

M in =—00256 - Q- R

b) S.B.KANTOROVICI Method [12]
-for 0 <@ <p

1] 1 . 1 ,
K :__27[{003,3 +¢)Sln¢+{5—(7r—ﬂ)tgﬂ}003 (p} ;
(30)

-forp <o <rx
K = 1{1_”}((/’_'6)+(psin(p+{;—(ﬂ—ﬂ)tgﬂ}05(/’}

2z cos B
@31
where ¢ s curent angle of secton.
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Fig. 6. The polar diagram of K(8) for continous
contact riding rings (y =30°).
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Fig. 7. The polar diagram of K(8) for continous
contact riding rings (y =30°)

With these expression one obtaines:
-for p= =150 Knax = 0,0857 ;
-forp= f=96"45"  Kpi, = -0,0683.

The behaviour of K -coefficient is presented in figure 7.
We observe that this figure has the same shape with
figure 6, but rotated with 180° because: = ¢ = 7- 0
and z7- v .

5. CONCLUSIONS

e The analysis of riding rings bending moments
diagrams in Figures 4...6 shows that the most loaded
section of the ring is the one corresponding to the
contact with the supporting rollers, like in the case
of loose rings mounted on support blocks.

e The originality of paper consists in plotting the
bending moment polar diagrams using the relations
found in the specialized literature and the features of
MATHCAD software.

e One can observe in the diagrams presented by
figures 5 and 6 that for a 15° angle increase, the
bending moments increase 4 times. This justifies the
recommendations referring to a 30° limiting value of
the position angle.
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