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STEEL-MAKING APPARATUS
John F. Mummert, Birmingham, Ala,, assignor to Chi-
cago Bridge & Iron Company, Chicago, Iil., a corpora-
tion of Iilinois
Filed Mar. 7, 1962, Ser, No. 178,043
16 Claims. (CL 266—36)

The present invention relates generally to large proc-
essing apparatus”operating at high temperatures, and
more particularly to apparatus such as a steel-making
converter able to process tens or hundreds of tons of
steel at temperatures above that of molten steel.

A steel-making converter may typically include a ves-
sel, a hollow annular ring around the vessel and spaced
radially therefrom, means mounting the vessel on the
annular ring, a pair of trunnions extending from within
the ring and in diametrically opposed directions, a pair
of stanchion means each for supporting a respective
trunnion, and means drivingly connected to one of the
trunnions for rotating the vessel between an upright steel-
making position and an inverted position.

The temperature due to the heat generated within
the vessel during the steel-making operation exceeds the
allowable operating temperature for material, such as
“steel, of which the converter is constructed. - Therefore,
in' accordance with the present invention, means are
provided for circulating cooling air through the hollow
annular ring around the vessel, and for directing the
cooling air from the annular ring into the space between
the ring and the vessel. Before passing inio the atmos-
phere, the cooling air absorbs a substantial amount of
heat which would otherwise overheat the converter.

A manifestation of the heat generated during the steel-
making operation is axial expansion of the trunnions.
The two trunnions are mounted on respective stanchion-
supported bearings which, in ordinary converters, are
usually mounted for movement in an axial direction
with the trunnions so as to accommodate the axial ex-
pansion or thrust. However, because of the relatively
dirty environment normally existing around steel-making
operations, the movable mountings for the bearings have
been subject to contamination by dust, dirt, slag particles,
etc. As a result, it has been necessary to provide com-
plicated dust-proof housings for the bearing mountings
to prevent the contaminants from interfering with bear-
ing axial movement.

In the steel-making converter of the present invention,
part of the axial expansion normally present in ordinary
converters is eliminated by lowering the temperature of
the comverter with cooling air circulated through the
annular ring. The remainder of the axial expansion is
offset by thrust-accommodating means. More specifi-
cally, one of the bearings is fixedly mounted on its
stanchion to prevent movement of that bearing in any
direction. The other bearing constitutes conventional
self-aligning bearing means fixedly mounted atop stanch-
ion means the lower end of which is constructed to
permit a slight angular movement of the entire stanchion
member in response to axial expansion by the trunnion.
The stanchion member is relatively long compared to
the reduced distance the bearing means would have to
move in an axial direction to accommodate the thrust.
Therefore, the angular change is so slight that it can be
readily accommodated by the self-aligning bearing means,
and only minute sliding action occurs within the bearing
means,

To enable such angular movement, the lower part of
the stanchion means is provided with rocker means, or
a pivotal mounting, or the entire stanchion means is
constructed as a slender resilient member which will
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deflect through the required angle in response to axial
thrust.

In order to process large batches of steel (e. g. 350
tons) the subject converter is built to a size too large
to be preassembled in a shop, and the converter must
be assembled in the field. Because the trunnions cannot
be machined to the desired tolerances when the converter
is field assembled, there will be a substantial misalignment
of the trunnions, which misalignment is further aggra-
vated by trunnion deflections normally occurring on such
large asesmblies. Connecting a misaligned trunnion di-
rectly to driving means is undesirable. .

In the subject converter, trunnion misalignment is ac-
commodated by providing a coupling having one end
connected to the trunnion and another end connected to
a driving shaft. Because of the very heavy weight of
the huge assembly and the load within the converter
vessel, the driving shaft is normally subjected to high
torque loads which, in the absence of a proper driving
gear arrangement for the shaft, could result in shaft
bending and substantial loads on the driving shaft bear-
ings. These defects are eliminated in the subject con-
verter by providing a gear drive arrangement which im-
parts a balanced drive to the shaft and eliminates bearing
loads and shaft bending, said gear drive arrangement
constituting a single self-contained unit which simplifies
foundation construction and installation procedures. It
provides a drive with one positive lubrication system,
thus reducing maintenance and repairs. It includes a
dirt-proof housing having a minimum number of housing
portions completely enclosing the gears so as to minimize
the contamination of the gear drive by dirt, slag particles,
etc. normally found around a steel-making operation,
and entering the housing through seams or openings in
the housing portions.

Other features and advantages are inherent in the
structure claimed and disclosed, or will become apparent
to those skilled in the art from the following detailed
description in conjunction with the accompanying dia-
grammatic drawings, wherein:

FIGURE 1 is a top plan view of an embodiment of
a steel-making converter constructed in accordance with
the present invention;

FIGURE 2 is a side elevational view, partially in
section, of the converter of FIGURE 1;

FIGURE 3 is an end view of a gear drive arrangement
for the subject converter, taken along line 3-—3 in FIG-
URE 2;

FIGURE 4 is an enlarged fragmentary sectional view
of the gear drive arrangement, taken along line 4—4 in
FIGURE 3;

FIGURE 5 is an enlarged end view of stanchion means
together with an embodiment of axial-thrust-accommodat-
ing means for a trunnion;

FIGURE 6 is a side elevational view of the structure
illustrated in FIGURE 5;

FIGURE 7 is a side elevational view, partially in
section, illustrating another embodiment of structure for
accommodating trunnion axial thrust;

FIGURE 8 is a fragmentary side elevational view,
partially in section, illustrating still another embodiment
for accommodating trunnion axial thrust;

FIGURE 9 is an elevational view illustrating a por-
tion of apparatus for circulating cooling air through a
holiow annular ring surrounding the converter vessel;

FIGURE 10 is an enlarged end view, partially in sec-
tion, illustrating the construction of that pertion of the
hollow annular ring adjacent one of the trunnions; and

FIGURE 11 is a plan view, partially in section, of the
portion of the hollow annular ring illustrated in FIG-
URE 10.
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Referrmg initially in FIGURES 1 and 2 there is 111us-'

trated an embodiment of a stéel-making converter con-

structed in accordance with the present invention and:
comprising a processmg or steel-making converter vessel .

20, ‘a hollow annular ring 21 located around the vessel
20_and spaced radially therefrom, upper and lower means
22, 23 respectrvely, for mou'ltmg vessel 20 on ring 21,
and trunnions 24, 25 extending ‘outwardly from w1th1n
nng 21 and in dlametmcally opposed directions.
ing means 22 may be of the type shown. in the applica-

tion of Paul R. Johnson, Serial No. 151, 021, filed Novem-:

ber 8, 1961 now U.S. Patent No. 3,146,983,

-35

For eXample assuming the driving gears on shaft 45
are-rotating in 'a clockwise  sense, as viewed in FIG-

+ URE 3, the driving gears on s_haft 45 would also rotate

<t

ina’ clo’ckwise sense in-order to drive the bull gears on

~shaft 35 in the same direction as they are being: driven
by the driving gears on shaft'45. . Because the shafts 45,

" 35 and-45q have axes lying in a common horizontal plane,

Mount-

10

"The outer ends of trunnions 24, 25 are rotatably,'

mounted on bearmgs 26, 27 respectively, each supported
by a respective starichion means 28, 28 both resting on-a
foundation 30 having an elevated portion 31 supporting

a gear drive arrangement indicated generally at 32. Gear.
drive arrangement-32 is driven by motor means 33, 34, -

and drives a shaft 35 connected by a coupling 36 to trun-
nion 25. Coupling 36 accommodates whatever misalign-
ment or deflections there are in trunnion 25 which, be-

15

the tangential force exerted agalnst the bull gears on
shaft 35 by the gears-on shaft 45 is in an upward vertical
direction,: as “viewed' in: FIGURE 3. At the same time,
the tangential force exerted by the driving gears on ‘shaft
45q against the bull gears on shaft 35 exténds in a down-
ward direction, as viewed in FIGURE 3;. The magnitude
of -each of these ‘tangential forces.is substantially equal,
and since they are.in opposite directions, they effectively
balance each other, thereby-avoiding bending or.deflec-
tion of the shaft 35, and unbalanced loads on bealmgs

60, 61.

20

cause of the extremely large size -of the-converter, was

assembled- on site, without previously having been ma-
chined in an assembled condition.

Gear arrangement. 32 is enclosed within a dust-proof K

25

housing including an upper portion. 40 and.a lower por- -

tion 68 comnected together by bolts 69.. The housing
completely” encloses the gear arrangement and-prevents

the gear. arrangement and the. lubricant therein:from be-- 5

coming contaminated by the dust, slag particles, etc. -usual-
ly found in the dirty environment normally ex1stmg around
steel-makmg operations. :

30

. Referring to FIGURES 3 and 4 gear arrangement 32 .

is shown to comprise a pair.of bull gears or first gear

means 41, 42 fixedly mounted on-drive shaft 35. . -Bull

gears 41, 42 are driven by gear trains or second and third -

gear means 38, 39 each located on. an opposite side of

the bull gears and each mounted so as to impart balanced
dr1v1ng forces to the bull gears. - Each’ gear.train 38,39
is constructed substantially  identically, and. FIGURE 4
illustrates in detail the -construction of gear train' 39.
Drivingly engaging bull gears-41; 42 are a pair of driving
gears 43, 44 fixedly mounted on a shaft 45, in turn mount-

ing a pair of driven gears 46, 47 drivingly engaged by

a gear 48 fixedly mounted on a shaft 49. -Mounted at
opposite ends of shaft 49 are a pair of driven gears 50, 51
drivingly engaged by gears -52, 53 “respectively, each
fixedly mounted on.a shaft 54 also- mounting a pair-of
driven gears 55, 56 each:driven by a respective gear 57,

_Shaft 35 is journalled .on bearings 60, 61; shaft 45 is
journalled on bearings 62, 63; shaft-49 is }ournalled on

40

58 mounted on a shaft 59 driven by motor means 34. 150

bearings 64, 65; and shaft 54 is-journalled on beanngs .

66, 67.. Bearing means for shaft 59 are not shown. -
It should be noted from FIGURE 3 that the axis -of
all the-shafts in the gear trains (shafts 45, 49 "and 54

in gear train 38, and shafts 454, 49a and 54a in gear' :
train 39) lie in the same. horizontal plane as the axis-
Each of the gears

for shaft 35 mounting the bull gears.
on shaft 45 and each of the gears on- shaft 45z exerts a

compressive force against a respective. bull gear 41, 42

as well as a force extending in ‘a tangential direction,

The compresswe force exerted by a gear-on shaft 45 ex-~

tends in a radial direction toward the axis of drive shaft

35 and the compressive force exertéd by: the opposing
gear on shaft 45 extends.in an opposite radial direction-
Accordingly, the equal and ,
-opposite compressive forces exerted by the gears on shafts

toward the axis of shaft 35.

45, 45z balance out and avoid a bending:torque on:shaft

55

60

FIGURES 5 through 8 illustrate means. for accommo-
dating. the outward axial thrust:of a trunnion resulting
from axial -expansion caused by-heat arising during nor-
mal processing operations’in-the vessel 20, i.e., heat gen-
erated during the steel-making operation One embodi-
ment  of “thrust-accommodating means is illustrated in
FIGURES 5 and 6, wherein. the numeral 126 represents
conventional- self—ahgmm7 bearing means for trunnion 24.
The bearmg means -on -opposite - trunnion 25 is fixedly

‘mounted - in -a manner Wthh prevents movement of the

bearing means and tfunion: 25 in any -direction. There-
fore, -axial expansion  is ‘manifest by. an outward axial
thrust- of trunnion 24. - ‘Bearing ‘means 126 is mounted
on-a stanchion member 128 includirg a lower surface 129.
having.a pair of spaced segmental cylindrical indentations
130 therein for receiving-and confining the upper por-
tions. of- cylindrical members 131, the lower portions of
which ‘are received and confined w1th1n a pair of spaced
segmental cylindrical depressions 132in .a base member
133 supported by foundation 30. ‘The axes of cylindrical
members. 131 extend transversely to the axis of trunnlon

24,

When trunnion outward ax1a1 thrust occurs, self-align-
1_ng bearing means 126 and stanchion member 128 pivot
in-a counter-clockwise. sense about-the axis of cyhnders

~131. Because the length of stanchion member 128 is rela-
9 tively great compared to the distance bearing means 126

will be moved in an axial direction, the angular move-
ment of bearing means 126 is Telatively slight. The di-
rection of movement of the bearing means includes com-
ponents in both an outward direction (in the direction of
axial thrust) and-a downward direction. The axial di-

‘rectional  component"is accommodated by movement of
- the stanchion.member.

The downward directional com--
ponent _is accommodated - by the - self-aligning  bearing
means which adjusts itself.

-FIGURE &8 illustrates. another embodlment of thrust-, -

accommodatmg means, this'embodiment being similar to
that illustrated inc FIGURES 5 and 6, the difference being

" that the lower portion of stanchion member 128 is. pro-

vided -with rocker means 134 for rocking .on a planar basé
plate or member 135 in response ‘to' an outward axial
thrust of the trunnion: This, in turn; causes a slight an-

- gular movement - of stanchion member-128 and the self-
‘" aligning - bearing ' means, similar to “that undergone by

70

35 and unbalanced loads on bearings 60, 61 which would" .

“otherwise - arise if the compresswe forces were not so
balanced.

The gears on shaft 45 and -the gears on shaft 450

rotate in the same senses to drive the ball gears on shaft

75

these elements in the embodiment of FIGURES 5 and 6.

- A third' embodiment of thrust-accommodating means is
iliustrated 'in' FIGURE 7. In this ¢mbodiment, the stan-
chion means comprises a long, slender, resilient- member
136 fixedly esecured at 137 to foundation' 30. - Because
member 136 is constructed from- resilient material and
has a relatively slender, elongated  configuration; it is
capable of bending or deflecting outwardly, in response to
an outward thrust of the trunnion, through an angle de-
fined by the vertical dash-dot-line' 139 and the angularly
extending dash-dot line 140. " This angle of deflection is
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within the limits of misalignment for which self-aligning
bearing means 126 will adjust itself.

FIGURES 9 through 11 illustrate means for introduc-
ing cooling air into the ring at a predetermined location
(at one trunnion), for circulating cooling air through
the hollow annular ring and for directing the air from
the ring into the space between the ring and the converter
vessel. Cooling air is forced by blower means 95 through
a conduit 96 into a longitudinally extending air conduct-
ing first channel 97 in a trunnion (e.g. 24). At that por-
tion of the trunnion located inside the hollow annular
ring, there are a pair of transversely extending or second
and third air conducting channels 28, 98a each having oine
end communicating with longitudinal channel 97 and an-
other end communicating with the hollow interior of the
annular ring.

Fach ring has a substantially rectangular cross-section
and comprises an inner wall 81, an outer wall 80, an
upper wall 82, and a lower wall 83 (FIGURE 7). Lo-
cated within the hollow annular ring, at spaced intervals
therearound, are vertically extending diaphragms or brac-
ing members 84 having openings 85 and dividing the ring
into a plurality of chambers.

Referring to FIGURE 10, that portion of trunnion 24
extending within the hollow annular ring is braced by
vertically extending members 86 having openings 87 there-
in, and by horizontally extending members 88 having
openings 89 therein. Air passes from trunnion channels
98 through openings 89 in brace members 88, and then
through openings 85 and 87 in vertically extending mem-
bers 84, 86 respectively.

The size of an opening in a member 84 increases as the
distance between the respective member 84 and the air-
conducting channels in trunnion 24 increases. This pro-
vides those portions of the annular ring remote from the
trunnion with substantially the same amounts of air as
are provided to those portions of the annular ring close to
the trunnion.

The inner wall 81 of the annular ring includes openings
9§ through which air is directed into the space between
the annular ring and the vessel 20 so as to cool the vessel.
The air passing through openings 99 eventually passes out
of the space between the ring and the vessel, either above
or below the ring, and into the atmosphere. As a result
of the heat absorbed by the cooling air, the material from
which the converter is constructed is maintained at allow-
able operating temperatures, and the amount of axial ex-
pansion undergone by the trunnions is reduced.

Although the illustrated embodiment relates to a steel-
making converter, it should be noted that the subject in-
vention may be utilized in conjunction with other process-
ing equipment utilizing rotatable vessels for processing
heavy loads at extremely high temperature conditions and
in a relatively dirty environment.

The foregoing detailed description has been given for
clearness of understanding only, and no unnecessary limi-
tations should be understood therefrom, as modifications
will be obvious to those skilled in the art.

What is claimed is:

1. In combination:

a processing vessel;

a hollow annular ring around said vessel and spaced

radially therefrom,;

means mounting said vessel on said ring;

a pair of trunnions extending outwardly from within

the ring and in diametrically opposed directions;
stanchion means for supporting each trunnion;

means, located adjacent a first of said stranchion means,

drivingly connected to one of said trunnions for ro-
tating the latter about its axis;

self-aligning bearing means on the other of the trun-

nions and supported atop the second of said stan-
chion means;

said second stranchion means comprising means mount-

ing the top of the second stanchion means for an-

6
gular movement relative to the bottom of the stan-
chion means, in response to axial thrust of the trun-
nions resulting from expansion caused by heat aris-
ing during normal processing operations in said ves-
sel, and in a direction having a component extend-
ing in the direction of said axial thrust;

the length of said second stanchion means being suf-
ficiently great, compared to the length of said axial
thrust to confine the angle of said angular movement
within the limits for which said self-aligning bearing
means will adjust itself;

means for circulating cooling air through said hollow
annular ring;

and means on said annular ring for directing air cir-
culated therethrough into the space between the ring
and the vessel.

2. In the combination of claim 1 wherein said means

for rotating said one trunnion comprises:

first gear means connected to said one trunnion;

oo second and third gear means each drivingly engaging
said first gear means on a respective side thercof
diametrically opposed from the side engaged by the
other of the second and third gear means;

the axes of the first, second, and third gear means lying
in the same plane;

and a pair of motor means each drivingly connected to
a respective one of said second and third gear means.

3. In the combination of claim 1 wherein said second

stanchion mounting means comprises:

a rocker located at the bottom of the second stanchion
means;

and a planar surface on which said rocker rests.

4. In the combination of claim 1 wherein said second

stanchion mounting means comprises:

a substantially horizontal cylindrical member located
at the bottom of the second stanchion means and hav-
ing an axis transverse to the axis of the trunnions;

a stanchion bottom surface having a segmental cylin-
drical indentation for receiving and confining the up-
per portion of said cylindrical member;

and a base member having a segmental cylindrical de-
pression for receiving and confining the lower por-
tion of said cylindrical member.

5. In the combination of claim 1 wherein:

said second stanchion means comprises a relatively
slender member constructed of resilient material capa-
ble of bending resiliently in response to said thrust;

and said second stanchion mounting means includes a
base located below said member;

and means for fixing the bottom of said member to the
base.

6. In the combination of claim 1 wherein said air

circulating means comprises:

an air-conducting first channel extending longitudinally
through one of said trunnions;

blower means;

conduit means connecting said blower means to an
end of first channel at the outer portion of said one
trunnion;

air-conducting second and third channels each having
one end communicating with said first channel and
another end communicating with the interior of the
hollow annular ring.

7. In a combination as recited in claim 6 wherein:

said hollow annular ring has openings therein facing
the vessel for directing air thereagainst;

a plurality of vertically extending bracing plates in
said annular ring dividing the latter into a plurality
of chambers;

an air passage opening in each bracing plate;

the size of said air passage openings increasing from
plate to plate as the distance between the opening
and the air-conducting channels increases.

8. In combination:

a processing vessel;
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7
a hollow ring around said. vessel;
means mounting said vessel onsaid ring;
a ‘pair of trunnions extending outwardly from the ring
and in diametrically opposed directions;
stanchion means. for supporting each trunnion;-
and self-aligning bearing means on one of the frunnions
and supported atop one of said stanchion means;
said one stanchion ‘means comprising means mounting
. the top- of the one' stanchion means for angular
movement relative to the bottom of the one stanchion
means, in respomse to axial thrust of the trunnions
. resultmg from expansmn caused by heat arising. dur-

ing normal processing operations in said vessel, and.
in a direction having a component extending in the

direction of said axial thrust; ]
the length of said cne stanchion means being sufficiently
great, compared to the length of said axial thrust,
to.confine the angle of said angular movemment within
the limits for which said self-ahgmng bearing means
will adjust itself.
9. In the combination of claim 8 wherein said second

stanchion mounting means: comprises:
a rocker located at the bottom of the second stanchlon .

means;
and a planar surface on whlch said rocker rests.

10. In the combmatlon of ‘claim 8 wherein said-stan-:
chion mounting means comprises:

a substantially horizontal cylindrical member located at

the bottom of the second stanchion means and hav-

ing an axis transverse to -the axis of the trunnions;
a stanchion bottom surface having a segmental cylin-

’ drical indentation for receiving and confiriing the up-
per portion of said cylindrical member;

and a base member havmg a segmental cylindrical de-
pression for receiving and confining the lower portion
of said ‘cylindrical member.

13. Inthe combinationof claim 8 wher»m

said ‘second stanchion-means comprising a -relatively

slender member constructed -of resilient material
capable of bending resxhently in response to said
thrust;

and said second stanchmn mounting means includes a
base located below said member;

and means for ﬁxmg the bottom of said member to-the
base.

i2. In the comblnatlon of claim 8 ’

said ring comprising a hollow annular'ring around said
vessel and spaced radially therefrom; ’

means for circulating cooling air c1rcumferent1ally
through said hollow annular ring;

and means on said annular ring for dlrectmg air circu-
lated therethrough into the space between the- rmg
and the vessel.

'13. In the combination of claim 12 wherein said hollow '

annular ring has openings: therein facing. the vessel for

directing air thereagainst;

a plurality of vértically extending bracing plates in‘said
annular 1ing dividing the: latter mto a plurahty of
chambels, :

an air passage opening in each bracmg plate

"means for introducing cooling air into said hollow rin g
ata predetermmed location;

the size of said air passage openings increasing from
plate- to plate as the distance between the:opening
and said air-introducing location 1nc:1eases

14. In combination:

a processmg vessel;

a ring around said vessel;

means mounting said’ vessel on said ring;

a pair of trunnicns extending outwa1d1y from within
the ring and in diametrically opposed directions;

10 - i
.- and self-aligning bearing means on the other of the

15.
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stanchion means for supporting each trunnion;

first gear means connected to.one of said trunnions;

second and-third gear means eachdrivingly engaging
said” first gear-means on a.respective side thereof
dianetrically opposed from the side engaged by the
other of the second and third gear means;

the axes of the first,-second and third gear means lying
in the same plane; -

a’ pair of motor means each’ drivingly connected to a
.respective one of said second and third gear means;

trunnions-and supported atop one of said stanchion
means;
said one stanchion means compnsmg means mounting
the -top of the 'one stanchion means for angular
. movement relative to the bottom of the one stanchion
“means, in response to-axial.thrust of the trunnions
- resulting from expansion caused by heat arising dur-
ing normal processing operations in said vessel, and
_in a direction having a component extending in the
direction of said axial thrust;
the length of said one stanchion means being sufficiently
great, compared to.the ‘length of said axial thrust,
to confine the angle of said angular movement within
the limits for which' said self-ahorunt7 bearing means
- will adjust itself. S

15, In combination:™
" 'a processing vessel;

a hollow annular- ring around sa1d Vessel and spaced
radially therefrom;
* means mounting said vessel onsaid ring;

- a pair of ‘trunnions -extending outwardly frém. within

the ring and in diametrically - opposed directions;
stanchion means for supporting each trunnion;
means- for infroducing -cooling air into said hollow
-annular ring at.a predetel’mined location;’
said- hollow: annular ring havmg openings therein fac-
- ing the vessel for directing air thereagainst;

a plurality of vertically extending bracing plates in said

annular ring. dmdmg the laftter into_a -plurality of
chambers,

and-an air passage opemng in each bracmg plate;

the “size. of said air passage openings increasing from
plate to plate as the distance. between the openings
and said air-introducing location increases.

16.. In the combination of claim 15 wherein said air-

mtroducmg means comprises:

--an air-conducting first.channel extendmg lonmtudmally

- ‘through said one of said-trunnions;

- blower means;

conduit- means connectmg said blower means to an end
of said first channel at the outer porticn of said one
trunnion;

au‘-conductlng second and third channels ‘each having
‘one end communicating with said first channel and
“-another end commumoatmg with the interior of the
hollow annular nno
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