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UNITED STATES PATENT 
2,516,322 

2,516,322 

OFFICE 

MACENE FOR SEAMING TUBULAR 
MEMBERS 

Benton D. Jacokes, Jackson, Mich., assignor to 
Walker Manufacturing Company of Wisconsin, 
Racine, Wis., a corporation of Wisconsin 

Original application August 8, 1941, Serial No. 
406,032. Divided and this application October 
26, 1944, Serial No. 560,504 

(C. 113-23) 6 Claims. 
1. 

The present invention relates to a machine for 
forming rolled seams on tubular members. 
This application is a division of applicant's co 

pending application Serial No. 406,032, filed Au 
gust 8, 1941, aSSigned to the assignee of the pres 
ent application and now abandoned. 

It is the present practice in connecting so 
called headers, or end closure plates, to the bodies 
of internal combustion engine exhaust mufflers, 
to form an interlocking Seam by a rolling Oper 
ation at the joining edges of the muffier and its 
header, 
The object of this invention is to provide an 

improved form of machine adaptable to perform 
a rolling operation, such as a seam rolling Oper 
ation, upon tubular sheet metal members which 
are non-circular in cross Section; more particu 
larly, it is an object of the present invention 
to provide a machine embodying an improved 
aligned relationship between a forming roller and 
the elements which control its feed movements, 
and to provide such a machine characterized as 
embodying a forming roller and feeding means 
therefor including a hydraulic motor and asso 
ciated means for providing it with a metered flow 
of actuating hydraulic fluid. 
Other objects and advantages of the invention 

will become apparent from the following specifi 
cation, the accompanying drawings, and the ap 
pended claims. 

in the drawings, in which like numerals are 
used to designate like parts in the several views 
throughout: 

Figure 1 is a fragmentary plan view of a ma 
chine constructed to form a rolled seam on tu 
bular sheet metal members which are non-cir 
cular in cross section; 

Fig. 2 is a fragmentary, Sectional view taken 
on the line 2-2 of Fig.1; 

Fig. 3 is a diagrammatic view of the hydraulic 
circuit used to operate and control the hydraulic 
cylinder of the machine; 

Fig. 4 is a fragmentary plan view similar to 
Fig. 1, but on a larger Scale, of a portion of the 
mechanism, parts being broken away, and the 
cover member for the roller Supporting slide be 
ing removed; 

Fig. 5 is a fragmentary Section taken on the line 
5-5 of Fig. 4; 

Fig. 6 is a fragmentary front elevation of a 
portion of the machine which carries one of the 
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2 
metal Working rollers and is taken on the line 
6-6 of Fig. 5, with the workpiece removed to ex 
pOSe the mechanism; 

Fig. 7 is an enlarged view showing the form of 
the parts to be joined prior to the seam rolling 
operation; 

Fig. 8 is a view similar to Fig. 7, illustrating 
the final stages of the Seam rolling operation; 

Fig. 9 is a fragmentary view similar to Fig. 7, 
showing the initial shape of the parts to be joined 
by a modified or partly flush seam; and 

Fig. 10 shows the finished Seam produced from 
the parts illustrated in Fig. 9. 

Referring to the drawings, and particularly to 
Figures 1 and 2, it will be seen that the rolling 
machine, which in many respects is conventional 
in form, is constructed upon a bed 0 having a 
pair of longitudinal V-shaped slideways and 
2 running Substantially the full length of the 

bed. The construction and arrangement of the 
bed and of the machine as a whole are substan 
tially that of an ordinary lathe with the excep 
tions hereinafter indicated, being provided with 
a head stock 3 and a tail stock 4, the former 
fixed to the bed and the latter slidable upon the 
Slideways i? and 2 in any suitable or conven 
tional manner. The head stock 3 journals a 
Shaft 5 Which supports at one end a chuck 6, 
While a chuck of similar form is Supported 
by a shaft 8 journaled for both rotary and axial 
sliding movement in the tail stock 4. The ma 
Chine is provided With an electric motor 20 which 
drives, by means of a chain 2 and suitable 
Sprockets, a main shaft 22, which is journaled 
in the bed of the machine and extends the full 
length of the bed. A gear 23 on the shaft 22 
meshes. With a gear 24 on the shaft 5 to drive 
the latter and, therefore, the chuck 6. A gear 
26 likewise fixed to the shaft 22 meshes with a 
gear, not shown, but which is located within 
the tail stock f and splined to the shaft 8, so as 
to transmit rotary motion to the shaft 8 without 
preventing axial motion of the shaft 8. A cyl 
inder 27 fixed to the bed of the machine is pro 
vided With a piston rod 28 which is operatively 
connected to the right-hand end of the shaft 8 
to effect axial movements of the latter. The con 
nection between the piston rod 28 and the shaft 
8 may be of any suitable form, but is preferably 

designed to permit free relative rotation be 
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tween the two without permitting relative axial 
movement. Any suitable means may be provided 
to Supply fluid or air pressure for Operating the pis 
ton rod 28. 
The structure of the machine So far described 

is more or less conventional and is, therefore, not 
stown in detail. 
In operation, a workpiece comprising a tubular 

sheet metai element 30 is held in alignment with 
the chucks 6 and if and fluid is admitted to the 
cylinder to shift the chuck if into Work holding 
position. Thereupon, the motor 2 is started, 
which effects rotation of the shaft 22 and Conse 
quent rotation of the chucks 6 and and Work 
piece 3. 
The present machine is particularly designed 

to roll a seam on a tubular element 30, which is 
non-circular in cross section. The particular 
Workpiece illustrated is an oval rinufier body 30, to 
which is to be connected by a rolled Sean a sheet 
metal header 3. This seam may be either of the 
improved type hereinafter described or any other 
type of seam, depending upon the construction 
and form of the roller and the chuck used to Sup 
port, the work. So far as the machine is con 
cerned, the novel features thereof reside in the 
construction and arrangement of the mechanism 
for controlling the movement of the roller, which 
mechanism is best shown in Figures i, 3, 4, 5, and 
6 of the drawings. 

In the particular machine illustrated, Seans are 
formed simultaneously at Opposite ends of the 
muffler and, therefore, two roll Supporting and Op 
erating mechanisms are provided. One of these 
mechanisms is mounted upon a slide 34 movable 
longitudinally on the bed of the machine, while 
the other is mounted upon a similar slide 35. 
Since the construction and arrangement of the 
sides 3 and 35 and the mechanism mounted on 
them are substantially identical, only one need 
be described. Accordingly, a description Will be 
given of the mechanism on the slide 34, it being 
understood that the mechanism on slide 35 is 
Sinia. 
As shown best in Figures 4, 5, and 6, the slide 

36 is substantially channel shaped in form, being 
provided with upstanding side walls 36 and 37 ex 
tending transversely of the bed of the machine. 
Fixedly secured to and bridging across the top of 
the side walls 36 and 37 is a generally arch shaped 
cover member 38. The cover member 38, as best 
showra in Figures 5 and 6, is provided with four 
stiffening flanges 39, 4, 4 and 42, and the Space 
between the flanges A. and 4, as Well as the Space 
between the fianges 4t and 42, is cut away to form 
openings 43 and 4, respectively. 
The side walls 38 and 37 of the slide 34 are pro 

vided with inwardly projecting pads 46, and 47, 
whose upper edges terminate below the upper 
edges of the side walls 36 and 3. A Secondary 
Slide 5, which is generally U-shaped in form, aS 
best seen in Figure 6, is positioned between the 
side Wallis 36 and 37. The upper ends of the legs 
of the U-shaped secondary slide 50 are provided 
with horizontally projecting flanges 5, which rest 
upon wear strips 52 supported upon the top Sur 
faces of the pads 46 and 47. The wear strips 52 
slideably support the secondary slide 50 for move 
ment transversey of the bed of the machine with 
respect to the main slide 34. 
At the rear the secondary slide 50 is provided 

with an end closure wall 54, provided with a pair 
of rearwardly extending bosses 55 in which is 
journaled a cam roller 56 adapted to be engaged 
by can 5 mounted on a shaft 58 which is jour 
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4. 
naled between a pair of bosses 59 and 60 carried, 
respectively, by rearward extensions of the Side 
Walls 36 and 3 of the main side 34. 
The can 5 is driven in Synchronism with the 

chuck 6 by a train of gearing which includes a 
gear 6i on shaft 58, a gear 62 on a counter-shaft 
63, a gear 64 on the counter-shaft 63 and the gear 
26 on the shaft 5. In the particular embodiment 
shown, a seam is to be rolled on a muffler body 30 
which is oval in CrOSS Section, as best ShoWn in 
Figure 5, and the can 57 is So shaped as to OScil 
late the slide 50 in accordance with the variations 
in radius of the muffler body 3 at the point of 
engagement of the roller. 
Means are provided for holding the cam roller 

56 on slide 50 in engagement with the can 5, 
which means comprises a Stud 66 threaded into a 
downwardly projecting boss 67 on the slide 50 and 
projecting rear Wardly through an opening 68 in 
a portion of the main Slide 34. A helical spring 
69 Surrounds the stud 66 and bears at one end upon 
the main slide 34 and at the opposite end upon 
a pair of adjustable lock nuts 70 threaded On the 
stud. 
The metal working roller T2 is journaled on 

and between the side walls of a U-shaped roller 
Supporting slide T3. The upper ends of the sides 
of the U-shaped roller supporting sides 3 are 
provided with lateral projections 4 adapted to 
Overlie the top of the sides of the slide 50, as best 
shown in Figure 6. Suitable wear strips 76 are 
provided between the side Walls 36 and 3 of the 
Slide 34 and the projecting flanges 4 of the slide 
73 to keep the slide 73 in proper alignment as it 
reciprocates tranSVersely of the bed of the ma 
chine With respect to the slides 34 and 5. The 
slide 3 is provided with a transverse waii. 7 rear 
wardly of the roller 72, and a piston rod T8, which 
is connected to a piston in a cylinder 79, is fixed 
to the transverse wall 77 by means of a cap screw 
8. The cylinder 79 is positioned between the 
sides of the slide 50, and its rear end is secured by 
means of cap Screws 82 to the rear Wall 54 of the 
Side. 50. 
As a result of this arrangement, upon movement 

of the piston and piston rod relative to the cylin 
der T9 the roller supporting slide 3 will move rela 
tive to the secondary slide 5). A pair of fluid 
conducting pipes 84 and 85 are connected, re 
Spectively, to opposite ends of the cylinder 9, 
and, as best shown diagrammatically in Figure 
3, are connected in a suitable hydraulic circuit, 
hereinafter described, for operating the cylinder 
and piston. 
Means are provided for limiting the movement 

of the slide 73 relative to the slide 50 and toward 
the work. This means comprises a stud 87 which 
passes freely through a suitable opening in the 
end wall 54 of slide 50 and is threaded at 88 into 
the slide 73, as best shown in Figure 5. A pair 
of lock nuts 89 limits movement of slide 3 toward 
the work and relative to the slide 50. The ad 
justment of the nuts 89 is such that upon com 
pletion of the seam rolling operation, the stud 87 
will relieve the work of the pressure exerted by 
the hydraulic piston, 
The hydraulic cylinder 79 is connected in any 

Suitable or conventional form of hydraulic cir 
cuit which will effect a metered flow of fluid un 
der pressure to the line 85 during the seam rolling 
Operation and will effect a quick return move 
ment of the piston upon completion of the rolling 
Operation. Hydraulic control valves and systems 
for effecting such fluid cycle are old and common, 
and any suitable type may be used. For example, 
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as illustrated diagrammatically in Figure 3, the 
system may include a fluid reservoir 90 connected 
to a pump 9 by means of a pipe 92, and the dis 
charge line 93 of the pump is connected through 
a suitable four-Way reversing valve 94 alterna 
tively either to the cylinder line 84 or to a line 95 
which is connected to the clyinder line 85through 
a one-way metering valve 96. A return line 97 
from the four-Way valve to the reservoir 90 is 
also provided. Any suitable means such as the 
operating lever 98 may be provided to shift the 
spool of the four-Way valve 94. 
In a circuit of this type, when the control ele 

ment of valve 94 is in one position, fluid under 
pressure from the line 93 passes through the 
four-Way valve 94 to the line 95 and thence 
through the metering valve 96 and the line 85 to 
the rear end of cylinder 79 to effect the working 
stroke of the roller 72. The metering valve 96 
is of a type which, under this condition of flow, 
Will permit a metered uniform quantity of fluid 
to pass through the Valve and into the rear end 
of the cylinder 9, thus effecting a uniform rate 
of feed of the roller 2 independent of the resist 
ance which that roller encounters, the pressure 
developed by the pump 9 being more than suf 
ficient to overcome any possible resistance the 
roller Will encounter during the seam rolling op 
eration. During the Working stroke, the fluid 
from the front end of cylinder 9 returns freely 
through line 84, the four-way valve 94, and line 
9 to the reservoir 9). Upon completion of the 
seam rolling operation, valve 94 is reversed, 
whereupon fluid under pressure from the pump 
9 flows through line 93, four-Way wave 94, 
and line 84 to the front end of the cylin 
der, causing a return of the piston and roller 72. 
During the return stroke, the fluid in the rear end 
of cylinder 9 returns through line 85, valve 96, 
line 35, waive 94, and line 9 to the reservoir 90. 
The metering valve 96 contains a one-way by 
pass which will permit a relatively unrestricted 
return flow of the fitid from line 85 to line 95 
to allow a quick return movement of the roller 72. 
While the description of the mechanism for 

controlling movement of the rollers has been lim 
ited to that portion of the mechanism mounted 
On Slide 34, it will be understood that the corre 
sponding mechanism mounted on the slide 35 is 
identical except that the drive gearing for the 
cam is mounted upon the opposite side of the 
mechanism and includes a countershaft 63, cor 
responding to the countershaft 63. The counter 
shaft 63 is driven from a gear mounted within 
the tail stock 4 and splined on shaft 8 which 
gear meshes with the gear 64 on the counter 
shaft, 63 in the same manner that gear 24 on 
shaft 5 meshes with gear 64 on shaft 63. 

It Will be observed that the mechanism for roll 
ing seams on tubular members of non-circular 
cross section heretofore described is exceedingly 
compact, simple and light in Weight as a result 
of the fact that all of the roller controlling and 
supporting elements, including the can 5, roller 
56, the cylinder 9, piston rod 78 and roller 72 
are mounted in a direct line. In addition, the 
slides 50 and 3 are supported at diametrically 
opposite sides of the axis cylinder 79. As a result 
of this arrangement, all of the forces exerted are 
direct compression forces, and there is no possi 
bility of any of the parts cocking out of align 
ment. In addition, the use of a metered flow of 
hydraulic fluid for moving the roller 72 on its 
Working stroke greatly simplifies the mechanism 
and insures that the seam rolling operation will 
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6 
proceed uniformly independent of any variations, 
in the resistance of the metal to bending. This 
avoids the formation of wrinkles and otherwise 
unsatisfactory seams. . . . . . . . . 
In Figures 7 and 8 is illustrated an improved. 

flush seam and an illustration of the method by 
which it is formed. In the particular embodi 
ment chosen for illustration, the seam is used to 
secure a header 3 to a muffler body 30. It Will 
be observed that the header 3 is initially formed 
by a stamping or sheet metal drawing operation 
to provide an approximately axial flange having 
two portions of and 02 of slightly different di 
ameters, the outermost portion 02 being of 
larger diameter than the portion to provide 
a shoulder between them. Outwardly of the por 
tion O2 the flange is bent outwardly and in an 
Opposite direction at an angle of approximately 
45, forming a conical return portion 03. Prior 
to the Seam rolling operation, the header 3 is 
fitted within the muffler body 3 with the edge of 
the muffler body seated within the notch formed 
between the conical portion 3 and the inner 
flange portions 0 and 02 of the header. It Will 
be observed that the larger flange portion 02 
is of smaller diameter than the internal diameter 
of the muffler 30, the difference in radius being 
approximately equal to the thickness of the metal 
of the muffler header 31. 
When the header and muffler are assembled, as 

shown in Figure 7, they are placed in the seam 
rolling machine with the header supported upon 
the chuck 6. It will be understood that the op 
posite end of the muffler will be similarly Sup 
ported, as best shown in Figures 1 and 2. The 
chuck 6 is provided with a stepped extremity 
adapted to fit the stepped portions 0 and O2 
of the header fiange. The seam is formed by a 
rolling operation with a roller 72 of the form 
indicated in the drawings, in which there is 
provided on the working face of the roller a 
projecting annular surface 4 aligned with the 
flange portion 0. 
To the left of the annular projection C4 is a 

Working Surface 5 of reduced diameter. The 
difference in radius of the portions 24 and ).5 
of the roller is equal to the difference in radius 
of the flange portions Oi and iO2. 
The Seam rolling operation is effected by ro 

tating the chuck 6 with the header 3 and muf 
fler 30 and feeding the roller 2 inwardly. The 
roller rolls around the periphery of the seam 
and forces the flange 03, as well as the extremity 
of the muffier body 30, progressively inwardly 
until they fit tightly against the inner flange por 
tions 0 and 02 with a corresponding shoulder 
intermediate the two flange portions. The ex 
tremity of the muffler body 30 and the outer 
flange 03 of the header are, upon completion 
of the rolling operation, rolled into a stepped re 
lationship of two diameters with an intermediate 
shoulder between the portions of the different 
diameters to produce an interlocking seam. 

It Will be observed that, in addition to forming 
the seam, the roller during the seam formation 
effects a general reduction in diameter of the 
end portion of the muffler 30 by an annount at 
least equal to the thickness of the metal of the 
muffler body, with the result that the outermost 
portion of the finished seam is perfectly flush 
With the main body 30 of the muffler. 
The Sean described is of substantial strength 

because of the interlocking shoulder, is entirely 
flush with the main body of the muffler, and has 
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the advantage that it can be formed in a single, 
continuous rolling operation by a single roller. 

For some purposes where a perfectly flush seam 
is not required, the flange portion 02 of the 
header 3 may be made the full internal diam 
eter of the muffler body 30, as shown in Figure 9. 
In this event, upon completion of the rolling op 
eration the Seam will assume the form illustrated 
in Figure 10. This seam is substantially identical 
to that illustrated in Figure 8, except that the 
outermost portion 06 of the seam will project 
outwardly beyond the main body of the muffier 30 
by an amount equal to the thickness of the metal 
of the header. While this seam is not perfectly 
flush, its outer projection is far less than that 
of Conventional rolled Seams now in use, and to 
a large extent the handling difficulties encoun 
tered with the present seams are eliminated. 

It will be understood that various variations 
in the details of the herein described machine 
may be indulged in Without departing from the 
Spirit of the invention herein disclosed or from 
the appended claims. 
What is claimed is: 
1. A machine for performing a forming opera 

tion on a sheet metal member which is noncir 
cular but smoothly curved in cross-section, in 
cluding means to support, and rotate the sheet 
metal member about an axis extending substan 
tially perpendicularly to said cross-Section, a sup 
port carried by said machine and movable toward 
and away from said sheet metal member in a path 
transverse to said axis, a fluid motor mounted 
on said support and having a driven element 
movable with respect to Said Support in a direc 
tion transverse to said axis, a metal Working tool 
on said element and adapted to engage Said sheet 
metal member, means for Supplying fluid to said 
motor at a predetermined rate to effect a corre 
spondingly predetermined rate of movement of 
said element and tool toward Said sheet metal 
member, and means comprising cam means rota 
tively journaled on said machine and engageable 
with said support, for oscillating said Support 
whereby said tool is maintained in operative rela 
tion to the sheet metal member as the latter ro 
tates, said cam means having a contour comple 
mental to that of cross-section and having means 
for driving it in synchronism with the rotation 
of said sheet metai member. 

2. The structure of ciaim 1 wherein said fluid 
motor is a hydraulic motor, and Said feed means 
for supplying fluid to said motor includes means 
for supplying said motor with hydraulic fiuid at 
a predetermined rate. 

3. A machine for performing a forming opera 
tion on a sheet metal member which is noncir 
cular but smoothly curved in cross-section, in 
cluding means to support and rotate the sheet 
metal member about an axis extending Substan 
tially perpendicularly to said cross-section, a Sug 
port carried by said machine and movable toward 
and away from said sheet metal member in a 
path transverse to said axis, a fluid motor 
mounted on said support and having a driven 
element movable with respect to Said Support 
in a direction transverse to Said axis, a metal 
working tool on said element and adapted to en 
gage said sheet metal member, means for supply 
ing fluid to said motor at a predetermined rate to 
effect a correspondingly predetermined rate of 
movement of said element and tool toward said 
sheet metal member, and means comprising cam 
means rotatively journaled on Said machine and 
engageable with said Support, for QScillating said. 
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8 
support Whereby said tool is maintained in Opera 
tive relation to the sheet metal member as the 
latter rotates, said cam means having a contour 
complemental to that of cross-section and hav 
ing means for driving it in synchronism with the 
rotation of said sheet metal member, said cam 
means, motor and tool being in Substantial align 
ment with each other along a line extending sub 
stantially normal to said axis. 

4. A machine for performing a forming opera 
tion on a sheet metal member which is noncir 
cular but smoothly curved in cross-section, in 
cluding means to support and rotate the sheet 
metal member about an axis extending substan 
tially perpendicularly to said cross-section, a sup 
port carried by said machine and movable toward 
and away from said sheet metal member in a 
path transverse to said axis, a fluid-operated pis 
ton and cylinder carried by said support and hav 
ing a driven element movable with respect to said 
Support in a direction transverse to said axis, a 
metal working tool on said element and adapted 
to engage said sheet metal member, means for 
Supplying fluid to said cylinder at a predetermined 
rate to effect, a correspondingly predetermined 
rate of movement of said element and tool toward 
said member and relative to said support, and 
means including a cam journaled on said machine 
and having a contour complemental to that of 
Said cross-section and operated in synchronism 
with the rotation of Said member, for engaging 
and Oscillating said support to maintain said sup 
port in fixed relation to the adjacent portion of 
Said sheet metal member whereby the tool is 
Iaaintained in operative relation to the sheet 
metal member as the latter rotates. 

5. The structure of claim 4 wherein said fiuid 
operated piston and cylinder are of the hydraulic 
type and wherein said means for supplying fluid 
to Said cylinder includes means for supplying hy 
draulic fluid to the same at a predetermined rate. 

6. A machine for perfortning a forming opera 
tion on a sheet metal member which is noncir 
cular but Smoothly curved in cross-section, includ 
ing means to support and rotate the sheet metal 
member about an axis extending substantially 
perpendicularly to said cross-section, a support 
carried by Said machine and movable toward and 
away from Said sheet metal member in a path 
transverse to Said axis, a fiuid-operated piston 
and cylinder carried by said support and having 
a driven element movable with respect to said 
Support in a direction transverse to said axis, a 
metal Working tool on said element and adapted 
to engage said sheet metal member, means for 
Supplying fluid to said cylinder at a predetermined 
rate to effect a correspondingly predetermined 
rate of movement of said element and tool toward 
Said member aind relative to said support, and 
means including a cam journaled on said ma 
chine and having a contour complemental to that 
of Said Cross-section and operated in synchro 
nism. With the rotation of said member, for en 
gaging and oscillating said support to maintain 
Said support in fixed relation to the adjacent 
portion of Said sheet metal member whereby the 
tool is maintained in operative relation to the 
sheet metal member as the latter rotates, said 
can ineans, the axis of movement of said ele 
ment and Said tool being in substantial alignment 
with each other along a line extending substan 
tially normal to said axis. 

BENTON D. JACOKES, 

(References on following page) 
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