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ROTARY KILN 
John H. Taylor, Ferguson, Mo., assignor to Vulcan. Iron 
Works, Wilkes-Barre, Pa., a corporation of Pennsyl 
vania. . . . 

Application August 16, 1957, Serial No. 678,661 
v 7-Claims. (CI. 74-414). 

This invention relates to rotary kilns and has for its 
principal object the provision of an improved kiln com 
prising a specially formed elongated shell having at least 
two tire sections which are supported on structures having 
plural Tolling elements, the rolling elements on one of 
said structures being driven by a motor to impart rota 
tion to the kiln while the other rolling elements are syn 
chronously driven by the kiln itself. . . . . . 

Another object of the invention is to provide a unique 
apparatus and method for imparting power to a rotary 
kiln, the apparatus having a novel driving unit for the 
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and the pinion, but the faces of the tire and its respective 
rollers as well, the lubrication being done by forced feed 
of filtered oil fed through an external heat exchanger to 
insure the oil retaining its highest qualities of lubrication. 
This avoids wear and necessary replacement of worn-parts 
and results in less down-time. Thus, frictional wear be 
tween tire and the rolling elements is virtually nil, and for 
all practical purposes, the life of these elements is 
unlimited. . . . . . . . . . . . 
A further object of the invention is to provide a power 

assembly of the character described wherein all rotating 
parts are gear linked for synchronous rotation. This cou 
pled with the use of anti-friction bearings reduces friction 
to a bare minimum, thus insuring lower torque loads and 
longer effective life. ... . 
Some of the rotary kilns currently in use comprise a 

continuous cylindrical steel shell appropriately mounted 
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25 
rotary kiln which will give trouble-free operation during . . 
the entire effective life of the kiln since the structure is 
such as to avoid the causes of annoying break-downs and 
high maintenance costs present in the earlier machines of 
this character. . . . . . . . . ." - 
The present invention was designed primarily for kilns 

of the type now commonly used in the cement, lime and 
other chemical industries but the improved power unit of 
the present invention may be used with equal facility on a 
large variety of rotary-dryers and coolers and also on 
rotary roasters, retorts, calciners and the like: 
The rotary kilns used in the cement making industry 

generally include a supporting roller unit at each end of 
the kiln and a drive unit at some point intermediate its 
ends. All three units required concrete piers or footings 
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for horizontal rotation with its charging end on a higher 
plane than its discharge-end. A kiln constructed inac 
cordance with the present invention comprises a number 
of cylindrical sections suitably secured in axially aligned 
relation by bolting and welding. . . . . . . . . 
Two of these sections are herein referred to as tire sec 

tions, the tire section with the driving means being located 
adjacent the higher orcharging end. Two relatively short 
sections referred to as adaptors are bolted to the ends of 
the tire section and plain cylindrical shells are welded at 
the outer-ends of the adaptors. The opposite or discharge 
end has a similar tire section without, however, any driv 
ing means.associated therewith, and without means for 

... resisting axial thrust of the kiln due to its inclination. 
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which are expensive to construct. In the arrangement of . 
the present invention only two of such footings are re 
quired for the kiln since the power unit combines with it 
the supporting rollers and thrust rollers for that end, 
usually the upper or feed end, of the apparatus. It will 
be appreciated, of course, that if the kiln is unusually 
long, say of the order of 300 or 400 feet, it may have 
more than two footings. . . . . . . . . . 
An important object of the inventionis to combine into 

a single power unit, located in a sealed enclosure, that 
portion-of-the kiln generally referred to asthetire section. 
The tire section in this invention includes the fire and 
related trunnion rollers, agirthgearandits driving pinion, 
at thrust tire and its horizontal thrust roller and the 
supporting base. . . . . . . . . . . . . . . . . . . 

Since all mechanical parts are housed in a sealed en 
closure, dust and abrasive elements are excluded which 
adds incalculably to the life of the mechanical com 
ponents. This single unit is located at one of the cal 
culated reaction points and because it eliminates one sup 
porting concrete pier, it reduces the cost of installation. 

Within this sealed unit, all of the rotating elements are 
gear linked for synchronous rotation so that at the in 
stant rotation is imparted to the kiln, the supporting trun 
nion rollers and the thrustrollers are rotated also, at the 
identical peripheral speed of their mating tires, and this 
rotation is wholly independent of any frictional driving 
force between the faces lef the mating rotating members. 
Because the rollers-de not depend-upon friction drive for 
their proper functioning and because, all-of-the-elements 
are enclosed within the sealed unit, it is quite feasible to 
lubricate, not only the rollerbearings, the teeth of the gear 
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in the drawings: . . . . . . . . . . 
Fig. 1 is a perspective view of the sealed power and 

trunnion unit of the present invention and looking in the 
direction of the feed-end of the kiln which rotates on an 
axis slightly inclined to the horizontal. . . . . . . . . 
... Fig. 2 is a perspective view from the opposite corner of 
the power and trunnion unit, and looking in the direction 
of the discharge end which is lower than the feed end. 

Fig. 3 is a perspective:view of the welded base unit. 
Fig. 4 is a broken side elevation of the complete unit 

of-the present invention. . . . . . . . . 
JFig. 5 is a broken side elevation of a portion of the 

rotating kiln tunitiand showing the tire section assembly 
including thegirth gear, the steel tires on each side thereof, 
and a partial view of the adaptors on the outer side of 
each tire. This viewialso indicates a slight modification 
in the structure. . . . . . . . . . . . . . . : : - 

Fig.6 is an end view of Fig. 5. ... 
; : Fig. 7 is a broken section takenithrough the portion of 
the rotating unit, carrying the girth gear, tires and:adaptor. 

Fig. 8 is a schematic end view of the first tire section of 
the kiln and the power:unit for:rotating the same. . . . 

70 

;Fig.9is-a broken vertical section through the base init 
ataxis 'b' of Fig. 8: ; ; ; ; ; ; ; ; ; ; it'::::::::::: * 

Fig. 10...is a broken vertical section ataxis 'c' of 
Eig. 8. . . . . . . . . . . . . . . . . . . . " , ; ; ; ; ; ; . . . . . 
... Eig. 11 is a broken vertical section showing an exten 
sion of the section of Fig. 9. . . . . . . . . . . . . . . 

Referring now more particularly to the drawings, Figs. 
5, 6 and 7 show the tire section assembly 9-with the drive 
ing means associated therewith. This assembly, includes 
a hollow cylindrical weldment 10 which is essentially an 
inseparable assembly of parts held together by welding: 
The weldiment comprises an inner steel shell:11 and an 
outer steel shell 12 mounted in spaced, concentric rela 
tion thereto, by a plurality of flat-circularings;13 Welded, 
as, shown at 14, to the periphery-of the inner-shell and to 
the inner surface-of-the outer, shell. To facilitate theras 
sembly one of the terminal rings 15 may first betwelded 
in place and the next ring theniaoved into the annular 
area and welded. 

  



All members of this weldment are so proportioned 
that the resulting structure is sufficiently strong to resist 
all stresses that may be imposed on it when it becomes 
a part of the elongated shell of the kiln. After as: 
sembly the structure is machined to a true cylindrical 
shape of predetermined diameter and length with its 
opposed ends perpendicular to the axis. . . . . . . . 
A girth gear 16 provided with involute spur teeth 17 

and flanges 18 on each side of the teeth and having a bore 
21 matching the diameter of the cylindrical weldment 
is secured thereto at its axial center by suitable means 
such as bolts 22. A fully machined heat-treated forged 
steel tire 23, rectangular in cross section, is positioned on 
each side of the girth gear. The outer periphery 24 of 
outer cylindrical shell 12 at its ends is machined to a 
slightly smaller diameter than the intermediate annular 
seat for the girth gear. The outside diameter of these 
tires is equal to the theoretical 
girth gear. . . . . . . ... . . . . . . . . . . . . 
Two adaptors. 25 and 26 are employed for connecting: 

the tire section to the adjoining shell sections of the 

pitch diameter of the - - -- s 8 . . . 

pitch diame - tion 66. The inner race 68 of this bearing is suitably 

- 2,908,179 
- This pinion is centrally positioned and suitably secured 
on said outer shell 46. On each side of gear 58 there 
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kiln. Adaptor 25 is essentially a single shell, hollow 
cylinder with an outwardly extending annular flange 30 
and having gussets 31 radially disposed about the shell to 
reinforce the flange where it joins the shell. The outer 
face 29 of the annular flange adjoins the end wall of tire 
23 and this face has a central recessed section 32 which 
is machined perpendicular to the axis of the cylinder...and . 
receives the end of shell weldment 10 so that after as 
sembly, concentric alignment of the adpators with the 
shell weldment is assured. The adaptors are secured 
to the weldment by bolts 33. 

25 

30 

... The inner face 34 of the adaptor flange 30. and the 
outer ends 35 of the gussets are machined to a predeter 
mined depth with the plane of the inner face parallel 
withouter face 32 and the diameter established by the 
machined cut concentric with the axis of the adaptor. 
The outer periphery 36 of the adaptor shell, from a 
point 37 adjacent to the point of connection of the 
gussets with the shell, and outwardly for its full length, 
is machined to a predetermined diameter and this outer 
periphery is concentric with the axis of the adaptor. 
A fully machined heat treated forged steel thrust tire 

41 having a diagonal thrust face 42 is provided to trans 
fer the thrust load, incident to the slope of the kiln, to a 
thrust roller. The outside diameters of this thrust tire, 
the flange .30 and the tire 23 are identical and are equal 
to the theoretical pitch diameter of the girth gear 16. . 
Adaptor. 26 is substantially the same as adaptor 25 except 
that it has no provision for supporting a thrust tire. 

After mounting the girth gear 16 and the tires 23 on 
the cylindrical weldment. the adaptors 25-26 are 'se 
cured to the ends of the weldment and the thrust tire is 
positioned on adaptor 25 located in the downhill side of 
this tire section. . . . . . . . . . . . . . . . . . . . 
The essential. details of the driving means are shown 

in Fig. 9 which is a section taken through axis bi of Fig. 
8. The assembly includes a high tensile heat-treated 
shaft. 43 which is received in press-fit relation within a 
cast steel cylinder 44 forming the inner shell of a weld 
ment 45 similar to weldment 10. This inner cylinder 
is mounted in spaced relation to an outer cylinder 46 by 
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is positioned a forged steel, heat treated trunnion roller 
tire 60 of rectangular cross section, machined all over 
with an outside diameter identical to the theoretical pitch 
diameter of the pinion 58. The trunnion roller tires are 
held against axial displacement by retainer rings 61. 

Standard anti-friction bearing technique is employed 
for shaft 43 and the arrangement shown is illustrative 
only. The machined end 62 of shaft 43 receives race 50 
and this race is secured against longitudinal movement 
at one end thereof by means shown at 63 which may 
comprise a star washer andlock nut and by a fixed ring 
38 at its opposite end. Suitable means for Securing the 

15 outer race ring 52 may comprise rings 39 and 40. . . 
A sealing plate 64 prevents dust from entering the 

bearing area. Shaft 43 is supported at its opposite end in 
roller bearings and the shaft has a reduced terminal Sec 
locked against axial movement on the shaft by a con 
ventional star washer and lock nut. The oute race 65 is 
in axial floating relationship to the bearing retainer since 
the length of the shaft may change due to temperature or 
other causes. . . . . . . . . . . . . . . . . . . . . . An essentially identical assembly is provided for posi 
tion at axis b. It is to be understood, however, that at 
this latter axis the pinion is driven by girth gear 16. 

Fig. 10 shows a vertical longitudinal section through a 
thrust roller assembly for taking up thrust from face 42 
of thrust tire 41. The purpose of this assembly is to pro 
vide a gear linkage which will impart synchronous rota: 
tion to a thrust roller 74 independent of any frictional 
contact between thrust tire 41 and the thrust roller. 74. 
In order to accomplish this a shaft 75 is journalled in 
roller bearings 76 supported on a pedestal or cradle 80 
located in a central recess 81 (Fig. 3) in base structure 
54. This shaft is parallel to and is in vertical alignment 
with the axis of the kiln. At one end of the shaft a spur 

40 tooth pinion- 82 is keyed, said pinion being i designed 
for conjugate action with girth gear 16. At its opposite 
end a miter gear 83 is keyed. A mating miter gear 84 is 
keyed to perpendicular shaft 85 journalled in roller bear 
ings 86 and 87 and supported on base structure 54. . . 

45 The thrust roller 74 which is of frustro-conical shape 
is mounted on this shaft between its two bearings 86 and 
87. The angle of face 42 of thrust tire 41 is determined 

50 

by conventional pitch cone calculation, in which thrust 
roller 74 is themating member of the pair. The respec 
tive angles shown satisfy the requirements of this thrust 
arrangement. The diameter of this thrust roller at a 
plane where it contacts the largest diameter of the thrust. 
tire is identical to the theoretical pitch diameter of the 

55 
pinion 82. To insure this relationship being held pro 
vision is made in the machine for varying the thickness 
or height of spacers as may be required. One of these 
spacers is shown at 90 and positioned within a recess 91. 
in the upper face of gear 84. The upper face of the 
spacer engages a lock nut 92 forming part of the rotating 

60 

means of flat welded rings 47. The ends of the shaft ; 
are shouldered at 49 and ground to receive the inner race 
ring 50 of a bearing structure having rollers 51 and an 
outer race 52 supported and secured in a recess 53 in a 
base frame structure or weldment 54 shown in Fig. 3. 
This base frame is of sturdy construction and has vertis 
cal walls 55 and a base wall 56. . . . . . . . . 
The cast steel cylindrical weldment 45 is machined 

to a predetermined diameter and has machined ends 57 
perpendicular to the axis. A pinion 58 mounted on outer 
shell 46 has involute spur teeth 59 of proper diametral 
pitch for conjugate action with teeth 17 of girth gear 16. 

assembly. The resultant downward thrust load due to . 
the action of the tire and roller, less the separating force 
of the miter gear, is absorbed by a thrust ball bearing, 
the upper race 93 of which is carried by a bushing 94 
keyed at 95 to shaft 85. A sleeve 96 extends between 
gear 84 and bushing 94. The lower race 97 of the bear 
ing is supported by the frame. . . . . 

. . . Fig. 11 shows at the right a fragmentary view of the 
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left-hand end of the frame 55 shown in Fig. 10 with the 
reduced section 66 of shaft 43 projecting therefrom. A 
large gear 102 is keyed to a shaft 103 journalled in roller 
bearings 104-105 supported on vertical components 106 
of a second base frame 107. Suitable shaft connecting 
means are shown in broken lines 108 for connecting shaft 
66 with an inner reduced section 109 of shaft 103. Gear 
102 is enclosed in a housing 112 (Fig. 2) and is the final 
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element in a train of speed reducing gears located within 
a housing 113. A motor (not shown) is preferably 
located outside of this latter housing and drives the gears 
shown schematically in Fig. 8. 
A gear 114 on motor shaft 115 drives a larger gear 

116 on shaft 117. This shaft carries a gear 118 which 
drives an internal gear 19 keyed to shaft 120. Another 
gear 121 fast on shaft 120 drives large gear 102 on shaft 
103. The specific structure of the gear train may, of 
course, vary and the arrangement shown is suggested 
only. 
The first tire section is enclosed within a housing unit 

124-125 (Fig. 1) having cylindrical extensions 126-127 
for adaptor 25 and closed by a close fitting ring 128 which 
is held in place by bolts 129 and which engages a sealing 
gasket 130 (Fig. 10). Fig.1 also shows the outer end of 
adaptor 25 welded at 136 to an intermediate shell 137. 
This end of the kiln is lower than the upper end as indi 
cated by the ground line G. A similar arrangement is 
provided for adaptor 26 and a cylindrical shell 132 is 
welded thereto at 133 (Fig. 2). 

Fig. 4 shows a broken side elevation of the kiln shell 
with tire section 9, which has been described in detail, 
and non-driving tire section 135. This view, which omits 
the rolling elements supporting tire section 9, shows the 
kiln on a horizontal axis but in most instances the kiln 
will be inclined at a slight angle from the horizontal 
with tire section 9 higher than tire section 135. This 
view also shows an important modification wherein the 
adaptor 25' on the downhill side of the tire section 9 is 
longer than that shown in Fig. 1 and constitutes the in 
termediate kiln section 131. The only change required 
in this arrangement is to provide a tire retainer 150 as 
a back-up for the thrust tire 41. In other words, this 
retainer would have substantially the same shape as the 
member 30 in Fig. 7 except that the cylindrical section 
therein indicated at 25 is omitted. 

Tire section 135 includes girth gear 138 and tires 139 
which may be mounted on a weldment (not shown) simi 
lar to weldment 10 and is provided with adaptors 140 
and 141. Adaptor 140 is welded at 142 to shell 137 
and adaptor 141 is welded at 143 to a third cylindrical 
shell 144. If desired the adaptors 140 and 141 may 
be omitted and the weldment for tire section 135 may be 
welded directly to shells 137 and 144. 
The rolling elements which support tire section 135 

on each side thereof include a pinion 147 and two trun 
nion rollers 148 keyed on a shaft 149. This entire as 
sembly may be substantially similar to that earlier de 
scribed in reference to tire section 9, and shown in Figs. 
5, 6, 7 and 9. The ratio of pinion and girth gear is iden 
tical to the ratio of tire and trunnion rollers and rotation 
of the girth gear 135 imparts rotation to pinions 147 and 
to trunnion rollers 148 and tires 139, resulting in posi 
tive synchronous movement of all these parts. 
While there have been described herein what are at 

present considered preferred embodiments of the inven 
tion, it will be obvious to those skilled in the art that 
many modifications and changes may be made therein 
without departing from the essence of the invention. It 
is therefore to be understood that the exemplary embodi 
ments are illustrative and not restrictive of the inven 
tion, the scope of which is defined in the appended claims, 
and that all modifications that come within the meaning 
and range of equivalency of the claims are intended to 
be included therein. 
What I claim is: 
1. A rotary kiln comprising an elongated cylindrical 

shell provided with at least two tire sections and sets of 
rolling elements supporting said tire sections on an in 
clined but generally horizontal axis, each tire section in 
cluding a girth gear with involute teeth mounted on the 
shell and a tire on each side of the gear and whose 
diameter is equal to the theoretical pitch diameter of the 
gear teeth, a base frame for each set of rolling elements, 

O 

6 
each set comprising a plurality of shafts journalled in the 
frame, trunnion rollers on the shafts engaged by the tires 
and a pinion engaged by the girth gear, and a motor for 
driving at least one of said pinions, a thrust tire at one 
end of at least one tire section, a thrust roller journalled 
on a substantially vertical axis on one base frame engaged 
by the thrust tire to absorb longitudinal thrust.of the kiln, 
and a gear train connecting a girth gear and the thrust 
roller for driving the latter at the same peripheral speed 
as the thrust tire. . . . 

2. A rotary kiln comprising an elongated cylindrical 
shell provided with at least two tire sections and sets of 

: rolling elements supporting said tire sections on a gen 
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erally horizontal axis, each tire section including a girth 
gear with involute teeth mounted on the shell and a tire 
on each side of the gear, a base frame for each set of 
rolling elements, each set comprising a plurality of shafts 
journalled in the frame, trunnion rollers on the shafts 
engaged by the tires, and a pinion engaged by the girth 
gear, and a motor for driving at least one of said pinions, 
a thrust tire at one end of at least one tire section and a 
thrust roller journalled on a substantially vertical axis 
on one base frame and engaged by the thrust tire to 
absorb longitudinal thrust of the kiln, drive means con 
necting one girth gear with the thrust roller comprising 
a miter gear connected with said thrust roller, a horizon 
tal shaft journalled on the frame, a pinion engaging said 
girth gear and a second miter gear, both keyed to said 
shaft, the second miter gear engaging the first miter gear, 
the diameters of the tires and rollers, and the pitch dian 
eters of the gears and pinions being such as to impart the 
same peripheral speed to all contacting rolling surfaces. 

3. The structure set forth in claim 2 wherein each 
tire section is a rigid cylindrical structure comprising 
inner and outer shells connected by rings welded to the 
shells to provide a reinforced structure. 

4. The combination with a rotary kiln having a cylin 
drical shell, of a tire section provided with driving means 
for the kiln and including a welded cylindrical structure 
forming part of the shell, a girth gear and a plurality of 
tires secured externally thereof, a base frame Supporting 
the tire section, pinion and trunnion rollers journalled 
on each side of the frame engaged by the girth gear and 
tires, the outside diameters of the tires and trunnion 
rollers respectively, being equal to the theoretical pitch 
diameters of the girth gear and pinions, a motor for 
driving one of the pinions, a cylindrical adaptor secured 
to each end of the weldment, a thrust tire with a diagonal 
outer face carried by one adaptor, and a thrust roller 
journalled in the frame on a substantially vertical axis, 
engaged by the thrust tire to absorb axial thrust of the 
cylindrical shell, a pinion engaged by the girth gear for 
driving the thrust roller, a horizontal shaft journalled 
on the frame, a pair of engaging miter gears, one secured 
to the thrust roller and the other, as well as said pinion, 
keyed to said shaft, the diameter of the thrust roller at 
a plane where it contacts the largest diameter of the 
thrust tire being equal to the theoretical pitch diameter 
of the driving pinion. 

5. The combination with a rotary kiln having a cylin 
drical shell, of a tire section provided with driving means 
for the kiln and including a welded cylindrical structure 
forming part of the shell, a girth gear and a plurality 
of tires secured externally thereof, a base frame Support 
ing the tire section, pinion and trunnion rollers journalled 
on each side of the frame engaged by the girth gear and 
tires, a motor for driving one of the pinions, a cylindrical 
adaptor secured at each end of the weldment, a thrust 
tire with a diagonal face carried by one adaptor, and 
a thrust roller journalled in the frame on a substantially 
vertical axis, engaged by the thrust tire to absorb axial 
thrust of the cylindrical shell, a pinion engaged by the 
girth gear for driving the thrust roller, a horizontal shaft 
journalled on the frame, a pair of engaging miter gears, 
one secured to the thrust roller and the other, as well as 



7 
said -pinion, keyed to said shaft, the pitch diameters of 
the girth gear. and pinions being such as to impart equal 
peripheral speed to all contacting rolling surfaces. . . . 

6. In a rotary kiln having a cylindrical shell and 
provided with a plurality of base frames, with rolling 
elements for supporting the shell, the combination of 
a tire section forming a section of the shell, and driving 
means therefor, said tire section including inner and outer 
spaced cylindrical shells, and means connecting the same 
to form a reinforced structure, a girth gear and plural 
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10. 
- one of the pinions, and a trust tire with a diagonal tires secured externally of the outer shell, the rolling ele 

ments including a shaft on each side of one frame, a 
pinion engaged by the girth gear. and trunnion rollers 
engaged by and supporting the tires, said pinion and 
rollers secured to each shaft, the external diameters of 
the tires and rollers, respectively, being equal to the 
theoretical pitch diameters of the girth gear and pinion, 
a motor for driving at least one pinion, a thrust tire 
secured to the tire section and a shaft journalled in said 
frame on a substantially vertical axis, a thrust roller 
carried on said shaft and engaging the thrust tire to take 
up axial thrust, a third shaft journalled in said frame and 
provided with a pinion engaged by the girth gear, and 
gears connecting said shaft with the thrust roller to drive 
the same at the same peripheral speed as the thrust tire. 

7. A drive and thrust mechanism for a rotary kiln 
having an elongated cylindrical shell, said mechanism 

20 
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8 
including a tire section, the tire section comprising a 
reinforced cylindrical structure forming a part of the 
shell, a girth gear and a plurality of tires secured exter 
nally thereof, rolling elements journalled on the base. 
frame including two spaced shafts and a pinion and a 
plurality of trunnion rollers secured to each-shaft and 
engaging, respectively, the girth gear and the tires, the 
outside diameters of the tires and trunnion rollers, respec 
tively being-equal to the theoretical pitch diameter of 
the girth gear and pinion, a motor for driving at least 

thrust face carried by the shell adjacent the tires, and a 
thrust roller journalled in the frame on a substantially 
vertical axis engaged by the thrust tires to absorb axial 
thrust of the shell, and gear means for driving the thrust 
roller at substantially the same peripheral speed as the 
thrust tire. - . . . . . 
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