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PATENT OFFICE

WILLIAM E. WATKINS, OF NEW YORE, N. Y., ASSIGNOR TO COPPER PLATE SHEET &
- o - TUBE COMPANY, A CORPORATION OF NEW JERSEY o

PROCESS AND APPARATUS FOR TREATING SHEET METAL

© Application filed June 16, 1926. Serial No. 116,486,

| \ This invention relates to a prbcéés'and a,p_-,
paratus for treating sheet metal, such as

ferrous plates. Thisinvention comprises cer-
. tain improvements in the art of handling -
s sheet metal plates, and treating such plates .
_ for the purpose of improving their physical-

“characteristics.

sembly of various mechanisms, each.of which
io contributes to the common end, and all of
which cooperate in the production of the de-
sired ultimate result, and some of which, in

sub-combination and alone, present features

of novelty. =~ -

15 I shall describe mylinven'tion ag appliéd'to
* the-handling and treating of hot. relled fer-

. rous plates. According to the usual practice,
sheet bars are rolled to form metal sheets-of -
the desired size and thickness, the sheet bars -

20.being first heated to give them the degree of
duetility necessary for the rolling operation.
"While the bars are still hot, they are repeat-
-edly passed between heavy metal rollers un-

der considerable pressure; the heating and

25 rolling are repeated until a product of de-
sired length, width and thickness is obtained.
. “The product of this so-called “hot mill work”

" is too hard and brittle for fabrication pur- .
poses, and accordingly the product requires ..
30 annealing before it can be of use for most pur-

poses. ¥urthermore, the hot rolling opera-

" tions are performed in the presence of atmos-
-pheric air, with the result that the surfaces
of the product become more or less oxidized.
*35  According to the particular embodiment
_ of the invention herein. described, ferrous
plates which have been previously hot rolled

" are conveyed one at a time in continuous sue-
cession through an acid bath for the purpose

40 ,of removing the oxide adhering to the sur-
faces of the plates. The individual sheets are

conveyed through this acid pickling bath in-
arched form, then washed free of acid and

. subjected to the action of a dryer. The plates
45 gre-then fed between rolling' mills to impart
to the plates the desired cold rolling effect.
After passing through these rolling mills,
the individual sheets-are each prepared for
the subsequent annealing operation. The

60. flat plates coming from the rolling mills-are.

crowned -or arched for passage through a.n :

annealing furnace. The plates may be coat-

ed, prior to the crewiiing operation, with a.

layer of liquid such as asphaltic base hydro- -

carbon oil.

Tn order that the arched sheets may retain
. , . 77 7 their shape while passing through the an-
The improved apparatus comprises an as-

nealing furnace, I have provided means for
first, heating the crown of each of the sheets

before subjecting the edges thereof to high g
~temperatures. This relieves the ‘tension in

each of thie plates promptly after it enters the
annealing furnace, and the subsequent. uni-

form heating of the plates up to the desired -
"annealing temperature can then be carried

out without any danger of having the plates
become. warped or in any way distorted from"
their initial arched form. . E '

- Upon leaving the annealing. furnace; the
plates are flattened.-out and then passed
-through a cooling’ chamber.

. Apparatus is
provided for then subjecting the plates, in

“succession, to the action of dilute. acid for
removing any oxides formed during:-the pre-

ceding annealing operation. - Upon leaving
the acid bath, the plates are washed, passed

rolls. -~ . S .
The details 6f one embodiment of this in-

‘vention aré set forth in the following descrip-

tion, which is to be considered in conjunction

'with;the accompanying drawings.- It is to

be understood ‘that these details may be va-

.ried in many ways, and that some of the ele-
~ments described and illustrated may be re-

placed by equivalents or omitted entirely

~without sacrificing all of-the advantages of
‘my invention.

It will therefore be under-
stood that-in illustrating and describing this

one embodiment of the invention, I do net

limit myself thereto, but contemplate the em-

ployment -of ‘such other like devices in the
~ several combinations and sub-combinations

set forth, as fairly fall within the scope of
the appended claims. In the accompanying
drawings, . o o
Figures 1 to 4 inclusive, placed end to end,
constitute a sectional elevation of -the com--
plete apparatus. - -

60 -

15

_through straightening rolls, rotated 90°; and -
passed through-a second set of straightening

80

85

90

95

100
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‘Figure 5 is a vertical section view of the
arching mechanism for preparing the sheets
to ﬁzass through the black pickling bath.

igure 5A is an elevation of one of the
bridges. ’

. tank.

10

20

Figure 5C is a vertical section view of the
tank shown in Figure 5B, portions being cut
away to show details of construction.

Figure 6 is a fragmentary elevation of part
of the crowning mechanism shown in Fig-
ure 5. - = o

Figure 7 is a fragmentary transverse sec- -
“tion view taken on line 7 of Figure 5, show-

ing details of the arching mechanism.

Figure 8 is a transverse section view of the

black pickling apparatus taken on line 8—8
of Figurel, ) Co

Figure 9 is a longitudinal section view of
the washing apparatus associated with the
black pickling apparatus. ‘

Figure 101is a transverse section view of the

. Washing apparatus taken on line 10 of Fig-

25

30

ure 9. : »

Figure 11 is a longitudinal section view of
the dryer. i 7 .

Figure 114 is an enlarged longitudinal sec-
tion view of one of the burners shown in Fig-
ure 11. '

Figure 12 is a transverse section view of

- the dryer taken on line 12—12 of Figure 11.

36

40

- 4b

50

56

60

Figure 18 is a plan view of the arching
mechanism for arching the cold rolled sheets.

Figure 14 is a longitudinal section view
of the arching -mechanism taken
14—14 of Figure 13.. .

Figure 15 is a longitudinal section view of
the annealing furnace. - o

Figure 16 is a fragmentary transverse sec-
tion view of the annealing furnace taken on
line 16 of Figure 15.

Figure 17 is a transverse section view of the '

annealing
Figure 15. _

Figure 18 is,a partjally cut away plan view
of the decrowning mechanism associated with
the annealing furnace. o .

Figure 19 is a longitudinai section view of
the decrowning mechanism taken on line
19—19.of Figure 18. -

Figure 20 is a transverse section view taken
on line 20—20 of Figure 19, showing details
of construction. : '

furnace taken on line 17—17 of

Figure 21 is a partially cut away plan view’
of ‘the cooling chamber arranged to receive:

the hot plates from the annealing furnace.
Figure 22 is a partially cut away longitu-

dinal elevation of the cooling chamber shown *

in Figure 21,

Figure 23 is a transverse seetion view of the

" cooling chamber taken on line 23—23 of _Fig-

65

ure 21. :

Figure 24 is a transverse section view of

. 1,789,858

Figure 5Bisa plan view of the acid settling -

on line.

the cooling
of Figure 21. .

Figure 24A. is a sectional detail view ot
one of the guide rollers within the cooling
chamber, : , o ‘

‘Figure 25 is a plan view of the straighten-
ing rollers and the mechanism for rotating
the metal sheets. . '

Figure 26 is a side elevation of the appa-
‘ratus shown in Figure 25. '

Figure 27 is a fra
section view of part o
in Figures 25 and 26. . ‘

Figures 28 and 29 are plan views of parts

entary - longitudinal
the mechanism shown

.of the apparatus shown in Figures 25 and 26.

Figures 30 and 31 are plan views, partly in
section, of portions of the apparatus shown
in Figures 25 and 26. s

Figure 82 is an enlarged vertical section

view of certain details shown in Figures 30

and 31. 7
The apparatus of the present invention can
be used in varying ways for treating sheet

_metal, such as iron or steel; and while it is
‘note possible to herein set forth in detail the

permissible variations in methods, I shall in-

dicate some of these variations in describing

the apparatus illustrated in the accompany-

'ing drawings.

The apparatus shown in Figure 1 com-
prises a power driven. conveyor for supply-
ing individual sheets of metal to straighten-
ing rollers. From these rollers the sheets
are delivered to an arching mechanism. A
conveyor picks up the arched sheets and car-
ries them through an acid bath and then

:chamber taken on line -24—24

70

80

90

9%

100

through water sprays that wash the plates .°

“free of acid. The plates are then. flattened

out, passed through a dryer, and then be-
tween a plurality of heavy rollers. The dryer
and rolling mills are shown in Figure .
Upon leaving the last rolling mill, the sheets
may be passed through apparatus adapted to
apply a film of liquid to one or both sur-
faces of each sheet. '

A coating machine suitable for applying
the layer of liquid to one or both faces of
each sheet is described in my Patent No.

used for applying to the sheets a layer of any
desired liquid. For example, I have found

that certain beneficial results can be obtained .

by applying to the sheets a layer of oil, such

as asphaltic base hydrocarbon oil. This oil’

volatilizes within the annealing furnace, but

~before the film of oil disappears it serves

to distribute the heat being supplied to the

‘sheets, thus preventing local overheating.
‘The oil vapor forms a reducing atmosphere

within the furnace. : :
. After the plates have been coated as above
described, they are then delivered to an arch-
ing mechanism and transferred through a

furnace heated to a temperature sufficient to’
‘anneal the plates. For low carbon steel,

105

110

'1,295,820. Such a coating machine can be |

116

120

125

130




-1, 789 858"

thls critical temperature is in the nelghbor-

- hood of 1620° F. Ferrous plates heated to
- this temperature are relatively soft and-in

order to prevent the sheets from warping. or

_becoming in any way distorted while passing .
- through “the -annealing furnace, I prefer to
- -treat each-of the sheets so as to relieve the

. tension in the sheet and thus reduce the force

10

' “portion or.crown of each of the arched sheets.
to a fairly high temperature before ‘subject--
- ing the edges of the sheet to high tempera-

S )

20

3

40

‘them through an anneahng furnace.
“sheets A are placed one at-a time by hand on

. exerted. on the edges of the 'sheet by the
I have found that this"

furnage conveyor.
can be accomplished: by. heating the upper

tures.” My improved furnace is illustrated in

Figure 3. Figure 3 also shows the flatten-

ing -or: decrowning mechanism - associated

throu(rh a cooling chamber such as that illus-

"trated in Figure 4, and then through an acid
bath; and ultlmately through straightening -

-~ rollers which serveto straighten the sheets.

5 This last mentioned mechanism is' preferably

constructed so that the sheets can be passed

‘through one set of straightening rollers, then .
“-automatically

rotated  90°, and  passed
through another set of stralghtenmg rollers.

Referring again to Figure 1, I have'illus- -

trated a trick 1, carrying a stack of ferrous

.. sheets A, These sheets are the product of

what - is known as “hot metal work”; they

" have been made by passing hot sheet bars

through rolling mills until the desired dimen-
sions:have been obtained, and then passing
The

a conveyor 2 having projecting fingers 3,

which engage ‘the 1nd1wdua1 sheets and force-

them toward the trimmer 4, which is of ordi-
nary construction.. The conveyor 2 is driven
by a motor 5, and the conveyor is made up of

the distance between the fingers 3, thus en-

* abling the conveyor fo be used for handhnv

By

‘sheets of different lengths.

ery rollers 6 dehver the sheets from the

trimmer to conveyor rollers 7, each loosely

3]
-

mounted on a power, driven, shaft 8. The

bearings for each of these shafts are carried:
‘by a brldore 9" (see Fig. 5A) and each shaft

is driven at the speed of the delivery rollers

6. This bridge is provided with latching de-

vices 10 adapted to hold it in the position -

shown in Figure 1.. By releasing these de-
vices, the brldore can be dropped To a lower
level so as to. dlsenrrzwe the gear 11 from the
driving gear 12. XVhen ‘this -is done, the
sheets passing through the delivery rolls 6

“simply pile up on the bridge rollers, thus per- .
mitting eontinued operation of the conveyor:

A pair of deliv- "

2 and the trlmmer 4 even though the archmg

mechamsm is shut down

~ amd7)

When the bridge 9 occuples its normal p051-
tior, the sheets are fed across the bridge in

3

Tke arching mechamsm (Fzgures 1 5,6

70

succession and picked up by the delivery "

“rollers or disks 13 (see Fig.5).

.The arching mechanlsm comprises two co-
operating sets of wheels or disks, one set being

75.

arranged above the other, and the two sets

‘being adapted to force the center of each sheet

upward as’'it progresses, while holding the

side edges of the sheet down. - These sets of.

disks serve to deliver each sheet in arched

form to a conveyor adapted to carry the sheets
“ through the acid bath. '
with the delivery end of the furnace con-- -

.veyor,- The annealed- sheets are passed

In: Figure 5, I have illustrated a flame-
work 101 havmg front upright portions 102
carrying an upper cross-beam 103. A screw-
threaded adjusting rod 104 extends parallel
to the beam 103 and is journaled at the ends
of this beam. Two blocks 105 each have
screw-threaded engagement with the adjust-
ing rod 104. These blocks are each connected

to an upper supporting beam 106. The two

supporting beams, each designated by the
numeral 106, are supported at their rear ends
by a second ad]ustlng rod 107 extending par-
allel with a second cross-beam 108. Each of

“the ad]ustlng rods 104 and 107 is provided
with ‘right .and left hand screw-threads so

that when either of these rods is turned, as
by applying a crank to a squaréd end stch

as that shown at-109¢ in Flgure 6, the ad-

jacent ends of the supporting beams 106 are
brought closer together or spread further

apart, dependmg upon the direction of rota-
“tion of the adjusting rod.

Upper front bearing beams 109 are plvo*ed
to each of the upper sapporting beams 106,
as shown at 110. Each of the two beams 109

_ carries a plurality-of stub shafts, each carry- .
i detachable hnks which may be removed or.

 inserted as desired forthe purpose of varying

ing a-wheel or disk 11. These disks are in-
clined at an angle to the vertical, as shown

80

96
95

100

11C

in Figures 6 and 7, and serve to engage the

upper strface. of each of the sheets passed .
through the arching mechanism, so as to hold.

‘the edges of the sheets down while the center °
is bemg forced up by the lower set of arch--

ing disks hereinafter described. The réar
end of each of the upper bearing beams 109 is
journaled in a bearing block 112, adjustably .
mounted.on a correspondmg supportlng beam
106. “The position of each bearing beam Wwith
respect to the corresponding supporting béam
can be varied by-adjusting the screw 113 hav-

ing a'squared end 114 and a lock nut 115.

Tt will be understood that.a bearing block and

- an adjusting screw are provided for each of
“the bearing beams 109, as shown in- Figure 7.
The blocks 112 can be fixed to the supporting

beams-106 in any adjusted position by tight-

ening nuts 116 on bolts passing through slots- :

agc
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1164 i‘n; the*ﬁeéring blocks. This provides
indépendent adjustment of the rear ends of

~the two bearing beams 109. _
- A pair of upper rear bearing beams 117, -

each carrying four or five wheels or disks

111, is arranged with the forward end of each

bearing beam journaled to the corresponding
bearing block 112, and with the rear end of
each beam journaled to a rear bearing block
118. Each of the rear bearing blocks may
be identical with the bearing blocks 112, and

may be provided with the same adjusting and.

- clamping devices. The rear bearing blocks

20

T30
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118 may be adjusted for the purpose of ad-
justing each of the rear bearing beams 117

-independently of each other and of the front
bearing beams 109. The disks 111 carried”

by the upper front and rear bearing beams
are not power driven; they are simpfy rotat-
ably mounted. on stub shafts carried by the
bearing beams. - B
“The lower set of disks (shown at 126)

adapted to cooperate with the upper set of -

disks just described, comprises a plurality
of wheels or disks of a diameter preferably
larger than that of the disks 111 and each
mounted on a shaft extending at right angles
to the direction of travel of the sheets through
the arching mechanism. In Figure 5, T have
shown eight of these shafts, the forward six,

‘designated by the numeral 119, being jour-

naled in front bearing beams 120. Kach of
the two lower front bearing beams 120 is
pivoted about the axis of the first shaft 119
and the rear end of each of these beams is

_ detachably connected, as by means of a bolt

121 projecting through a slot in an integral

‘extension 122 of the bearing beam and se-

cured to a lower supporting beam 123. An
adjusting screw 124 can be used as a means
for adjusting the position of the rear end of
each lower bearing beam 120 with respect
to the corresponding supporting beam. 123.
The two rear transverse shafts 119 are jour-

naled in separate lower bearing beams 125, .

each having its forward end journaled on an
axis concentric with the axis of the last trans-
verse shaft 119 carried by the front bearing
beams 120. The rear end of each of the lower
rear bearing beams 125'is' detachably and ad-
justably connected to the lower supporting
beam 123 in a manner similar to that of the
rear end of each front bearing beam 120,
thus permitting independent adjustment of
each of the lower rear bearing beams.

The disks 126 carried by the shafts 119 are
somewhat larger than the disks 111 earried
by the stub shafts on the.upper bearing beams
109. Referring to. Figure 6, I have illus-
trated four disks 126 carried by the first
shaft 119. These disks are arranged so that
‘the horizontal plane including the upper
edges of the disks 126 coincides at least ap-
proximately with the horizontal plane in-

cluding the lower edges of the upper- disks

1,789,858 &

111.- The first two or three shafts 119 may

each carry four disks 126 arranged substan-

tially as shown in Figure 6; the remaining -

shafts 119 preferably carry only two disks,
as shown in Figure 7. Where only two disks
are provided they are arranged closer to-
gether than the outside disks on the shafts
carrying four disks apiece. All of the disks
on the shafts 119 are preferably of the same
diameter. The rear ends of each upper front

70

75. .

bearing beam and the corresponding lower

front bearing beam are closer together than
the front ends of these members, and accord-
ingly the centers of the lower disks near the
rear-are closer to the centers of the upper
disks 111. Accordingly, as the sheets pass

through the arching mechanism, the center of

80

each sheet is forced upward, while the edges = - -
are held down, and in this way the sheets are , -
delivered in arched form to the conveyor for 85

transfer through the acid bath.

Each of the lower disks 126 is power driven.
The ends of the shafts 119 are provided with
sprocket wheels 127 and adjacent sprocket -

wheels are connected by a sprocket chain 90

passing over all of the sprocket wheels. The
front sprocket 128 is driven by means of a
chain 129 connected to a sprocket wheel 130

on a counter shaft 181 driven from the con--
veyor shaft 132 by means of gears 133 and 95

134. An adjustable idler sprocket wheel 135
1s mounted on the lower supporting beam
123 and serves to take up the slack in the
sprocket chain passing over the sprocket
vheels on the shafts 119. : :

Black pickling and washing apparatus (Fig-
' ures 1,56, 6B, 50, 8, 9 and 10) '

After the plates have been subjected to the

a_conveyor and carried through the black
pickling acid bath. The sheets are then
washed free from acid and delivered to a
dryer. . . B ‘
In Figure 1, T have illustrated a longi-
tudinal section view of the black pickling ap-
paratus, which includes a long trough or rec- -
tangular container 136, made up of a plu-
rality of sections of metal carried by suitable
supports 137. This acid receptacle is covered

'by a plurality of hoods 138, each communi--

cating with a take-off pipe 139 having a
damper or valve 140 therein. The take-off
pipes 139 communicate with a header 141 and
the acid vapors are drawn off from the header
by means of a blower 142. The dampers 140

in the several take-off pipes 139 can be inde-
-pendently adjusted so as to regulate the man- -

ner in which the acid fumes are withdrawn
from the several hoods; for example, if it is
found that acid vapors are collecting in cer-
tain of the hoods, the passages leading to the
remaining hoods can be closed off and the
blower 142-used solely for the purpose of re-

-action of the arching mechanism shown in 105
-Figures 1, 5, 6 and 7, they are picked up by

110

115 .

120

125

130
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~ moving the acid Vapbrs‘ from the’partidula,l_‘

10

“tank 144a shown somewhat in detail in Fig-

hoods containing excess vapors. -
Referring to Figure 5, T have illustrated .

a collecting trough 148-at the intake end of

‘the acid bath arranged so as.to receive the .

acid drawn off from the acid container 136.
The acid overflows from the container into |

-the trough 148 and is then taken off by means

of a pipe 144. The pipe 144 leads to a settling"

“ures 5B and 5C. Theacid, in flowing through

15

20

25

30

35

the settling tank, is caused to flow .over and
under a plurality of partitions 1445- which
cause the velocity of the acid to’ alternately. -
increase and decrease a number of times be-
fore it is drawn off and again supplied to the
acid container 186. The acid within the con-’
tainer 136 is heated by a plurality of steam
pipes ‘145 connected to a. header 146 com-
municating with drain pipes 147.-

- At the discharge or delivery end of the acid
bath, I have provided means for washing the’
sheets free from acid. Referring to Figure
9, I have illustrated a plurality of .water

‘spray pipes 148a, 148, 148¢ and 148d;. ar-
ranged above the advancing sheets A, and a

corresponding group of spray pipes 149a,-
1495, 149¢ and 149d, arranged below the
sheets. I have illustrated three trays 150,
151 and 152, arranged so as to:collect the
wash water as it drips from the advancing
sheets. “Wash ‘water can. be supplied to the
spray piﬁ)es 148¢ and 149a by mieans of a”
¥ump which may get its source of supply
rom a tank which is kept filled with water

" from any suitable source. The wash water

collecting ‘within the tray 152:can be drawn.

~ off by means of a pipe 153 and returned to

T 40

" 45
50
55

, éc

65

“ing the valves 154,156 and 158, the acidity of
the liquid in each of the three trays can be’
‘regulated.” The valve 158 can be adjusted so’

the supply tank mentioned above. A valve:.
154 is provided for regulating the flow of
wash water through pipe 153. This valve
can be regulated so'as to control the amount
of water passing over from tray 152 to tray

151, The wash water may be supplied to’

spray pipes 1486 and 1496 by a pump which’

-may get its supply from the supply tank

above mentioned, or from the drain pipe 155
connected with the tray 151. A valve 156
controls the flow of wash water through a

‘pipe. 155. A spray pump can be employed

for supplying wash water to spray pipes
148¢, 1484, 149¢ and 1494, this pump getting:
its supply from the drain -pipe 157, having

‘a valve 158 therein. The water in tray 151

contains more acid,than the water in tray
152, and the water in tray 150 centains more
acid than the water in tray 151 By regulat-

as to draw off less liquid than the amount
supplied to tray 150, in which event the lig-
uid flows over into the main acid bath 136,
previously described. A supply pipe 159 is

shown in Figure 9 as-a suitable means for™

5

v

returning to the main acid tank 186 the acid
- which has been drawn off from the forward

end of the acid tank and passed through the -

separating tank. . - :

~ The conveyor which serves to ca‘rryvt‘he in-
‘dividual sheets through the acid bath in’

arched form is preferably constructed so that

70

only the conveyor fingers which engage the

‘edges of the sheets pass through the acid..
‘The sheets are engaged along their edges:
only, thus insuring adequate exposure of all -

5

portions of the sheet’ surfaces to the action -
of the acid and to the subsequent action of the - -

washing apparatus.. The conveyor - illus-

trated in the accompanying drawings is made
in two sections, one for engaging each side

of each of the sheets as it is delivered from:-
~'the arching mechanism. Each section of the -

conveyor is carried by double sprocket wheels

"mounted on a:suitable supporting, structure.

80 -

85

In Figure 5, I have illustrated one of the =

sprocket wheels 160, mounted on the shaft
132 and carrying one section of the conveyor:.

Toach conveyor section is made up of.a num-
ber of links best illustrated in Figure 10.. As

" shown in this figure, each lirik includes a bent
‘arm 161, having a rearwardly projecting bent

finger 162 adapted to engage the edge of a

sheetA. The opposed conveyor arms 161 on

the two conveyor sections are formed in such
a manner that they are adapted to engage

90

-the edges of each sheet as it is delivered from

the arching mechanism.  The sheets expand-
slightly as they are being delivered from the

arching mechanism until they engage the con- -

yeyor arms, -

Each of the cohxféybr arms 161 is carried .

by a small truck consisting of three. wheels
163,164 and 165. - The wheels 163 and 165 are

-arranged in vertical planes and are adapted

to roll along a horizontal track 166. ‘An aux-

105

iliary upper track 167 is provided against -

“which the wheels 163 may bear in the event - - -
that the arms 161 are for any reason forced
downwardly so as to pivot about the wheels.

110

165.  The track 167 thus limits such displace-

ment of the arms 161 without interfering
with the mormal operation of the conveyor.

‘The wheels 164 are arranged in a hbrizonta%, s

plane -and- are adapted to engage. vertica
tracks 168 and-169. The wheels 164 and their
cooperating tracks 168 and 169 prevent lat-

of the wheels 163, 164 .and 165 are suitably

‘journaled on a support 170." A screw-thread-

ed block 171 is fixed with respeet to the above

‘mentioned tracks and is engaged by an ad-
justing screw 172 connected to a hand wheel .

173. By turning this hand wheel, the posi-
tion. of the tracks with respect to the acid
container can be varied to suit the

“eral displacement of the conveyor links. All-

120

125

require- :
" ments for . eets of various widths. This ad-

justing mechanism is provided for each of the .

conveyor sections.
Whenever the positions of the conveyor

130
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- tracks are changed, it is necessary to change .

the positions of the sprocket wheels in a
corresponding manner. I have illustrated
these sprocket wheels as being splined to their
- 8 supporting shafts, and I have illustrated

screw-threaded adjusting rods 174 connected -

* to the sprocket wheels in such a manner that
by rotating the screw-threaded members 175,
- the positions of the sprocket wheels can be
changed. The members 175 can be connected
to the hand vheels 173 so that by merely turn-
. ing the hand wheels, the conveyor tracks and
the sprocket wheels can be simultaneously
adjusted. C i '
The tracks 166 are supported on grooved
rollers 176, and these rollers are adapted to
travel along supporting plates 177 carried by
the framework of-the apparatus. . When the
tracks are adjusted toward or gway from the
acid container, they simply move along on
the rollers 176. Tracks 178 are arranged so
as to support the conveyor links while they
travel from the rear end of the acid bath to
the forward end of the same. \
25 . Tt is desirable to have the sheets carried
through the acid bath while in arched form,
~ because the sheets can then be carried by,
means engaging the edges of the sheets only.
It is desirable to retain the sheets in arched
form during the washing operation, because
the washing action is more effective than it
would be if the sheets were all horizontal;
the water readily drains off from the curved
sheets, and as the sheets coie into close prox-
imity with the successive spray pipes, thie
acid is effectively removed. Depending
- aprons 179 and a cover plate 180 serve to
“enclose the washing apparatus. = - -

10
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- Referring to Figure 1, I have illustrated a -

40 motor 181 adapted to supply power to a shaft
182 geared to the conveyor shaft 183 to supply
power to-the conveyor. .

As the sheets leave the washing apparatus,
they are delivered to a double set of disks
48 indicated at 184 in Figure 1. This disk

. mechanism is fundamehtall?r the same as the
" arching mechanism located at the forward
- end of the conveyor and it operates in exactly

the same manner except that it serves to
decrown or flatten the sheets instead of to

.

convert flat sheets into arched form. Assoon
-as the sheets have been flattened, they are.

delivered to the drying apparatus.

55 The drying apparatus (Figures 1,2, 11, 114
' and 12) : '

After passing through the decrowning
mechanism illustrated at 184 in Figure 1, the
sheets are fed by a set of rubber rollers onto
a bridge 185 similar in all respects to that
provided in front of the arching mechanism
above described. '(See Fig. 5A.) A pair of

80

feed rollers 186 picks up the sheets from the-

bridge and

passes them into the drying ap-
65 paratus.- :

ing the conveyor rollers 187 and in close prox-

1,789,853

In Figure 11, T have illustrated an air ex-
cluding container or chamber through which
the flat sheets are passed in succession be-
tween conveyor rollers 187. These. rollers
are mounted on shafts provided at one end
with sprocket wheels 188 cooperating with a

70

.chain 189 which interconnects all of the

sprocket wheels. Power is supplied to the -
feed rolls 186 and to the conveyor chain b
the motor 181, as illustrated in Figure 1.

I have provided a plurality of gas burners
190 (best shown in Figure 11A), these burn-
ers being arranged between the shafts carry-

75

imity to the sheets being carried through the 80
drying chamber. Each of the burners com-
prises a perforated gas pipe 191 arranged
within a larger pipe 192 provided with
perforations registering with those in the gas
pipe. Air under controlled pressure is sup-
plied to the pipe 192 by means of a pipe 193.
In this way the burner is supplied with the
secondary air necessary to complete the com-
bustion. " Primary air is admitted to the pipe
191 through the head 194 of ordinary con-
struction.  The bu:ners are arranged so that
the gas flames impinge directly upon the wet
sheets and the moisture is quickly and effec-
tively removed from the sheets by virtue of
the heat generated within the drying cham-
ber and also as a result of what may be termed

85 -

90

95

the explosive action of the flames on the wet
‘surfaces. Both the upper and lower surfaces

of each sheet are subjected to the action of
the flanies from the burners, and the sheets
are thoroughly dried before leaving the dry-
ing apparatus. .. - . o

The upper portion of the drying chamber
is covered over so as to exclude-air;-suitable ‘
windows 196 are provided for observing the 105

100

.action of the flames on the upper surfaces of
.the sheets. Glass windows 197 are provided

in the bottom surface of the drying chamber
to permit inspection of the lower surfaces of

.the plates and of the lower burners. The 110

roof of the drying chamber is preferably in-

‘clined so as to cause the combustion gases to

flow toward one end, as indicated by the

arrows in Figure 11. “These gases are drawn .

off through a suitable flue or pipe 198. 115

T'he surfacing rollers and coating mechanism
S .(Igz'gures 2; 13 and 1)

As the sheets pass out of the drying appa-
ratus above described, they are fed onto a 120
conveyor shown at 199 in Figure 2. The
sheets then pass one at a time between a plu-
rality. of surfacing rollers of the usual con-
struction. In Figure 2, I have illustrated
several of these roller mills at 200, and it will 125
be. understood that as many .of these roller
mills can be provided as may be desired, .
suitable conveyors of the type illustrated at
199 and 201 being provided for the purpose
of conveying the sheets to and from the sur- 130
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- facing rollers. After the shéets have been

passed between the desired number of sur-
facing rollers, they are passed through the

_ coating mechanism shown at 202 in Figure
2. This coating mechanism, which may be

of the type shown in my Patent No. 1,295,820,

“can be used for the purpose of applying to

Qnéor bot}} surfaces of each sheet, a-layer or
film' of a liquid such as‘oil. ..The sheets may

-be thus coated with a liquid which will pre-.
‘pare the sheets for the heat treatment within

. the annealing furnace. It will be under-

" stood that it is not necessary to apply a liguid

of any kind to the sheets prior to introducing

5.them into the annealing furnace, but I have
found - that -certain -beneficial- results can be

obtained by so deing. = For example, the coat-

ing mechanism can be used for the purpose
-of applying to'both surfaces of each of the
. sheets. a film of asphaltic base oil, which has

the effect of distributing the heat supplied to

_ the sheets within the annealing furnace and’

- preventing local over-heating of the sheets.

In order to insure proper distribution of
the liquid film on the surfaces of the shests

. after they have passed through the coating
- mechanism, I prefer to employ distributing
_apparatus of the type shown in Figures 15

bt

and 14. This apparatus comprises a pair of

~rollers 203 and 204, adapted to engage the

~ lower and upper surfaces, respectively, of

each sheet. Auxiliary-rollers 205 and 206

bear against the rollers-203 and 204, respec-

‘tively. - Adjusting means 207 is provided

for the purpose of varying the contact pres-

sure between the roll' 205 and the roll 203,

- and a similar adjusting means.208 is pro-

47

vided for varyihg the contact pressure be--

tween rolls 206 and 204. ~ The auxiliary rolls
205 and 206 are mounted so that they.may

~oscillate back and forth with respect to the
‘main rollers 203 and 204.. " Springs 209 tend

" to force the rolls 205 and 206 .away from the

- 80

“bearing support 210.
. these rolls are provided with cam surfaces

211 bearing -against rollers 212 carried hy
the bearing support 213. : As the rolls 205
and 206 revolve, they are.caused to oscillate
by virtue of the cooperation between the cams

211 and the cam followers or rollers 212.

This oscillating movement serves-to dis-

- tribute the film of oil which has collected on

wt
(&34

. the rollers.

the main rollers 203 and 204, and as a result,
these rollers serve to éeffect an even distribu-
tion of the liquid film on the upper and lower
surfaces of the metal sheets passing between

' The Furnace arching mechanism (Fz'gufes 2,

30

13 and 14)

Preparatory to passing the sheets through
the annedling furnace, I prefer to convert
them into arched form so that they can ke
carried through the annealing furnace by a
conveyor which ‘comes in contact with, the
sheets only at their edges. The apparatus

The opposite ends of

7

which 1 have illustrated in the accompanying

‘drawings as being suitable for this purpose

includes two sets of sharp-toothed disks that
co-operate in a manner similar to that de-
seribed in connection with the arching mech-

‘anism arranged in front of the black pickling

bath. I prefer to have these disks provided
with sharp teeth.in order that the disks may
perform their necessary function of arch-
ing the sheets without mjuring the film of
liquid. .Of course, where no liquid has been
applied to the sheets, it is entirely satisfac-

tory to employ ‘arching disks having smooth

peripheries. - .

Referring. to Figures 13 and 14, I have

shown two sets of disks 214 carried by stub
- shafts mounted on yokes or supporting beams

915. These disks 214 are not power driven.
Their function is to hold the edges of the

sheets down while the center is being forced.
up by the larger toothed disks 216 carried .-

by the lower supporting beam 217.  The for-

- ward ends of the upper supporting beams
~915 are journaled on the transverse shaft 218°

and the corresponding end of the lower sup-

_porting beam 217.is journaled about the

transverse shaft 219. The rear ends of the

upper supporting beams 215 are adjustably

mounted ona transverse beam 220. A simi-
lar ‘adjustment indicated at 221 is provided

70
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for the lower supporting beam 217. The -

shafts carrying the lower.disks 216 are inter- . .

connected by a driving chain 222 and power

for driving these disks is supplied from the

shaft of the distributing roll 203 by means

100

of the chain 223 and gearing shown at 224 -

and 224a. . - L .
After the sheets have been arched by the
action of the toothed disks 214 and 216, they

‘are ‘delivered to the converging guide con-

105

veyors 225 and 226 (see Fig.13). - These link

or chain conveyors pass around pulleys 227,
1998, 229 and 230.. Power- is supplied. to the

pulleys 927 and 228 from the shaft 231 driven
by the chain 223.  These converging con-
veyors .serve to bring the edges of the arched

sheets closer together so that the sheets can -

110

be delivered in proper form-to the furnace

conveyor. - Screw-threaded adjusting rods .

932 and 233, connected to hand wheels 234 and

235 resp.ctively; constitute means for adjust-

ing the distance between the ends of the con-

115

verging conveyors 225 and.226 to-accommo- -

converging conveyors extend . substantially
parallel with the direction of travel of the

.date. sheets of .various widths. If it is de- -
sired to have the delivery end of each of the’

120

sheets, then guide rollers 236 and 237 can be -

arranged as shown in Figure 18. ~ Satisfac-

tory results can be obtained without, employ-
_ing these auxiliary rollers.’ ' ‘

125

The furnace conveyor. constitutes a series

of infer-connected links, each provided with
a cross-arm 238, having a numker of up-
wardly projecting fingers 239 on each end
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~ thereof. Each arm is provided with a num- hot combustion gases to the upper portion or

13

ber of these projections 239, in order that the
conveyor may be suitable for handling sheets
of differént widths.

" T prefer to provide some means for posi-

tively feeding the sheets from the converging
conveyors 225 and 226 onto the furnace con-
veyor. A satisfactory device for accomplish-
ing this result comprises a pair of wheels 240
and 241, inclined at an angle to the direction
of travel, as illustrated in Figure 18. These
wheels are provided with blades, and the in-
clined surfaces of these blades are so formed
that straight-line contact is established be-
tween the blades and the edgés of the ad-
vancing sheets. These wheels 240 and 241 are
rotated in the direction indicated by the ar-
row in Figure 14, and serve to simultaneously
press down the edges of the advancing sheets
and urge the sheets forward.. Power is sup-

plied to these wheels through the systems of

- gearing illustrated at 242 and 243. These

‘gear systems or trains are connected to the

shaft 244, which carries the furnace convéyor
‘sprocket wheel 245. The shaft 244 is.driven
by the furnace conveyor. The inclined guide
wheels 240 and 241 are journaled in mounting

- pieces 246 and 247, secured to a cross-beam

30
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The annealing furnace (Figures 3, 16, 16
' ‘ and 17) : :

The improved annealing furnace, as illus-
trated in Figures 3, 15, 16 and 17, comprises
a structure of refractory material having a
longitudinal chamber or passage 249, through
which the arched sheets are carried by the

illustrated at 238. - This conveyor is sup-

ported throughout its travel within the fur-
‘nace, upon tracks 289¢. A suitable lubricant

can be supplied to the conveyor links through
openings in the tracks at the intake end of the

furnace and the lubricant can be applied to-
5 the conveyor links as they return to the intake

- end of the annealing furnace. .

The main burner of the furnace is illus--

. trated at 250, dir being supplied through a

50

pipe 251 by means of a blower 252. "The hot
combustion gases pass. through openings 253
in the refractory arch 254, and then come in

* contact with the advancing sheets A.  The hot

55
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gases also pass under the arch 255 and come
up around the edges of the advancing sheets
in the rearward part of the furnace. The
forward end of the furnace chamber 249 is
separated from the rearward portion by an
apron wall of refractory material shown at
256. Within this forward portion of the
chamber, the arched sheets are given a pre-
liminary heat treatment for the purpose of
Teducing the tension within the sheets. This
is_accomplished by providing an auxiliary
oil burner 257 in the upper forward part of

‘the furnace structure, and adapted to supply

crown of each of the advancing sheets. The
crowns are thus heated to a high temperature
before the edges of the sheets are brought to a
high temperature.” As a result, the center

70

portion of each sheet becomes somewhat soft

and the force exerted by the conveyor fingers
against the edges of the sheets is accordingly
diminished. This prevents the conveyor fin-
gers from distorting the edges of the sheets

(]

while they pass through the furnace. It will -

be observed that the combustion gases sup-
plied by the auxiliary burner 257 pass through

"a combustion chamber 258 and then down-

ward through relatively narrow openings 259
into contact with the crown or upper portion
of each of the sheets. These hot gases are

drawn off through a stack 260 at the forward '

end of the furnace. The metal sheets; while . .

being passed continuously and in succession

85

through the annealing furnace, are brought

up to the proper annealing temperature, in
the neighborhood of 1620° F. j
The furnace conveyor, after delivering the

sheets to a decrowning apparatus hereinafter.

described, returns through a water seal 261,

~which serves as a means for preventing air

from getting into the furnace chamber and
oxidizing the sheets. This water seal is cov-
ered by a hood 262 communicating with a

‘vertical condenser pipe 268 which is closed at

its upper end and serves merely as a means
for cooling and condensing the water vapors
which form within the séaling chamber. The
water vapor which has condensed within the
pipe 263 drips back into the water receptacle.

furnace conveyor, the links of which are The furnace delivery and decrowning mecha-

nism (Figures 8, 18, 19 and 20) -
The furnace conveyor carries the annealed

.sheets into a delivery casing shown at 264,
in Figure 19. This casing encloses an auxil-

9%

100

105

iary conveyor shown at 265, which serves to

pick the. sheets off from the furnace con-
veyor and deliver them to the decrowning
mechanism. The delivery chamber 264 and

110

the decrowning mechanism are all in open -

communication with the furnace chamber

249. The chamber 264 is provided with a -

lid 2644, which can be removed for the pur-
pose of observing the operation of the fur-

nace conveyor. and the auxiliary conveyor.

265 and making any necessary adjustments
or repairs.

The decrowning mechanism comprises
two sets of rollers shown at 266 and 267.- The
sheets are carried forward by the rollers 267

115

120

and are spread out flat as they come in con-

tact with the upper set of rollers 266. The
rollers 267 are provided near their ends with
collars 267a, best shown in Figure 18, which
prevent the sheets from traveling too much
to either side. The decrowning or flattening
rollers deliver the plates to the straighten-
ing rollers indicated at 268. The two sets
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of rollers 266 and 267 are interconnected by
means of sprocket wheels and a chain 269,
power being supplied to these rollers
through gearing -illustrated at 270 in Fig-
ure 18.° |
Referring again to the auxiliary conveyor
965, I prefer to construct the track supports
for this conveyor in such a manner that the

_ conveyor can be adequately cooled. In Fig-

10

15

20

ure 20, I have illustrated a track structure
at 271, forming a hollow chamber through
which water can be circulated for cooling
the conveyor elements as they pass aleng
the track. - v

At 272 in Figure 3, I have illustrated a
motor. for supplying power to the furnace
conveyor, to the decrowning mechanism, and
to the straightening rolls 268. I have illus-

trated the motor connected to a driving

countershaft 273, which is in turn connected
to the several parts of the apparatus by suit-

" able means, such as the chains illustrated at

30

. discharge chamber associated with the rear -
40

274 and 275. , :

The cooling chamber (Figures 3, 4,981,982, 93, -

2} and 94A) :

Upon leaving the straightening rollers
268, the sheets are fed one at a time into the
cooling chamber, where the temperature of
the plates is reduced to a value such that

when the sheets are exposed to the air, they -

will not oxidize readily. This cooling cham-

ber comprises a long, rectangular, closed con-

tainer 276, provided with a furnace exhaust
gas stack 277 at the intake end and a similar

stack 278 at the discharge end. It will be

observed that the furnace gases are carried
along through the annealing furnace, the

end of the furnace, the decrowning mecha-
nism, the chamber enclosing the straighten-

" ing rolls, and into the cooling chamber, where

50

the gases are drawn off through the stacks
277 and.278. Accordingly, the plates are
maintained in a reducing chamber through-
out/their movement through these several
parts of the apparatus. The stacks 277 and
978 are provided with dampers 279 and 280
respectively, by means of which the rate of
discharge of the gases can be controlled. I

_prefer to provide cooling pipes 281 in the

- Bb

‘s large number of cross-rods 283 which sup- -

65

upper portion of the cooling chamber,
through which water can be circulated for
the purpose. of reducing the temperature of
the chamber and of the sheets’ passing
through the same. : S

1 have provided an improved conveyor 282
within the cooling chamber, this conveyor
being contained entirely within the enclosed

space, thus avoiding the hazard of introduc-

ing air into the cooling chamber. This con-
veyor is provided with side chains carrying

port the sheets as they advance through the
cooling chamber. Each of these cross rods

o

carries a pair of guide members 284, These A

guide members are carried in slots extending
lengthwise of each of the rods. The sheets
delivered to the cooling chamber from the
straightening rolls are carried along between
the guide members 284, and when the sheets
reach the rear portion of the cooling cham-
ber, the guide members come in contact with
metal angle members 285 and 286, which serve
to bring the sheets into proper alignment for
delivery to the adjacent part of the appara-
tus. These angle members are formed in the
manner illustrated in Figure 21, and serve

-to'bring each of the sheets into a position par-

allel with the direction of travel and into
alignment with the center line of the appa-
ratus. Fach of the angle members is pro-
vided with a bent portion 287, which permits
the sheets to travel forward for a short dis-
tance, &ven though they are not in exact
alignment. This feature has been found to
be of importance because it lessens the
tendency of the sheets to become lodged with-
in the cooling chamber.
members 284, carried by the cross-rods 283,

are each provided with rollers 284A, which -
follow the angle members 285 and 286. Thus,

as the conveyor advances,.the small guide

70
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The small. guide -

90

members are brought relatively close togeth- -

er, and during the reverse travel of the con-
veyor, thése guide members come in contact
with cam surfaces 288 and 288z, which re--
turn these members to their initial positions
near the ends of the cross-rods 283, as illus-
trated in Figure 28. The angle members 285
and 286 can be brought .close together or
moved further apart by turning the adjust-

95

100

ing rod 289, which is provided with right and -

left hand -screw-threads and passes through
Elocks 290 and 291, secured to the angle mem-
ers.

9292, .adapted to supply power to the shaft

-993, which carries the conveyor sprocket

wheels 294. o o T
The white pickling apparatus (Figure §)

- The sheets, in passing through the anneal-
ing furnace above described, are given the
treatment commonly known as white anneal-
ing. ‘This serves o alter the physical char-

In Figure 4, I have illuStratedi_a motor

110, -

115 -

acteristics of the'sheet metal so as to render -

the sheets suitable for fabrication: purposes.
The sheets, in passing through the surfac-
ing rollers illustrated in Figure 2, become
hard and brittle, and it is necessary to give
them - the so-called white annealing treat-
ment in order to make the sheets softer.
and suitable for industrial purposes. After
the sheets have passed through the white

annealing process, they are to some extent -

oxidized, and it is necessary to pass the
sheets through a white pickiing bath in order
to remove the oxides which have formed on
the surfaces of the sheets. In Figure 4, I

120
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have illustrated a white pickling apparatus
which is identical, so far as its essential
features are concerned, with the black pick-
ling apparatus illustrated in Figure 1. This
apparatus of Figvre 4 includes an arching
mechanism 295, which may be identical with
that provided at the forward end of the black
pickling apparatus. After passing through
the arching mechanism, the sheets are picked
up by a conveyor 296, which may be identical
with the black pickling conveyor. The sheets

‘are then carried through the acid receptacle

297, which is covered over with hoods 298, pro-

- vided with take-off pipes 299 and a blower

15
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300, similar to the corresponding parts of
the black pickling apparatus. - A motor 301
supplies power to one of the conveyor sprock-
et wheel shafts 802. An idler sprocket wheel
303 takes up the slack in the conveyor and
insures proper tension of the conveyor.  Fur-
ther adfustment of the conveyor tension can
be effected by taking out or inserting links,
as may be desired.

The sheets, in passing out of the white

pickling bath, are subjected to the action of
washing sprays 304, which may be-identical
with those proyided in the black pickling
apparatus, above described. The sheets then
pass through a decrowning mechanism 305,
which may be identical with the decrowning
mechanism 184 associated- with the black
pickling apparatus. The sheets are then fed
onto a bridge 306, which is preferably of the
same constructlon as that illustrated in
F'gure 5A. The bridges employed can be
dropped so as to disconnect the bridge rollers
from their source of power and permit the
sheets to pile up on the bridges, thus making
it possible to operate parts of the apparatus
while other parts are shut down.,K This is
highly desirable because of the necéssity of

-keeping the annealing furnace conveyor in

motion to avoid overheating of the conveyor.

Sheet rotating and straightening apparatus

(Figures 95 to 32 inclusive

After the sheets leave the white washing
apparatus and the decrowning mechanism
associated therewith, they are fed between
straightening rollers of the usual type, illus-
trated at 807 in Figures 4, 25 and 26. This
serves to straighten the sheets in the direc-
tion of travel. . :

In order that the sheets may be straightened
laterally, I prefer to employ an apparatus for
rotating each sheet 90° and then passing the
sheet forward through 'a second set of
straightening rolls. I have illustrated such a
second set of straightening rolls at 308.

The improved rotating mechanism includes

_ a conveyor having chains 309 and 310 at each

side thereof arranged to pass over sprocket
wheels 311 and 312, located near the straight-

- ening rolls 307 and 308 respectively. The

65

chains 309 and 810 carry transverse rods 313

1,789,853

(see Fig. 80), each provided with a plurality
of collars 314. Each of the rods 313 is formed
in two pieces interconnected at the center with
a mounting piece 315 which carries a rotat-
ably mounted wheel 316 having its axis at
right angles to the rod. Between each set of
collars 314 I have provided a bearing wheel
mounted so as to be free to rotate about the
rod and provided around its periphery with
a plurality of small rotatably mounted disks
318 adapted to rotate about axes at right
angles to the rods 313. The wheels mounted
between the collars 314 are shown at 317a,
3170, 817c .and 3174." These wheels, with
their disks 318, constitute what may be termed
universal bearing members for supporting the
sheets delivered to the conveyor by the
straightening rollers 807. ‘

It will be understood that as the conveyor
moves forward in the direction indicated by
the arrows ¢ and ¢’ of Figure 30, the sheets
are carried forward on the conveyor. Kach
sheet can be rotated on the conveyor by caus-
ing the wheels 317a and 3175 to rotate in the
directions indicated by the curved arrows
shown near these wheels in Figure 30, and
by causing the wheels 817¢ and 3174 to rotate
in the opposite direction, as indicated by the
curved arrows located close to these wheels
in Figure:30. The sheets then pivot about the
central wheels 816 and rotate through the
desired angle, depending upon the adjust-
ment of the apparatus. After the sheet has
been rotated through a predetermined angle,
one edge of the sheet strikes the guide mem-
ber 319 and the sheet is carried forward in
proper alignment with the straightening
rollers 808. After the sheets pass through
these straightening rollers, they are ready
for shipment. ‘

The apparatus I prefer to employ for the
purpose of causing the wheels 317a, 3170,
317¢ and 817d to rotate as above described,

70
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includes four belts, 320, 321, 822 and 323. .

These belts are arranged so that they pass
under the shafts 813 and engage the wheels
carried by these shafts. These belts are
driven by pulleys 824, 325, 326 and 327. Each
pulley is mounted on a stub shaft connected
to a gear, the gears being shown at 328, 329,
330 and 831. These gears are driven by inter-
mediate gears 332, 333, 334 and 335, carried
by adjustable yokes, one of which is illus-
trated at 336 in Figure 26. These interme-
diate gears mesh with gears 337, 338, 339
and 340, mounted on a drive shaft 341. By
properly selecting the intermediate gears, the

~belts 820, 321, 392 and 323 can be driven at

the desired differential speeds. For example,
these gears can be chosen so that the belt 320
will travel forward at half the speed of the

110

115

120

chain 309. I have illustrated this fact by

showing an arrow a, close to the belt 320, this
aArrow %eing half as long as the arrow ¢’,
which represents the speed of the chain 309.
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In like manner, the belt 321 can be. driven
at a speed equal to 34 of the speed of ‘the

* chain 309, this being represented by the arrow
- 3. . Since the belts 820 and 321 move at a

(@]

10

20

28

slower rate than the conveyor chain 309, the
wheels 317« and 3175, which come in contact

with these belts, are caused to rotate as indi-.

cated by the curved arrows shown near these
wheels in Figure 30. : ‘

Tn like manner, the belt 322 can be caused
to move forward at a speed equal to 114
times that of the conveyor chains, and ac-

cordingly I have shown the arrow ¢ of a

length equal to 1%/ times that of the arrows’
The belt 323 can be caused to nove

eand ¢’.
forward at a speed equal to 114 times that
of the conveyor chains, as illustrated by the
arrow d. Since the belts 322 and 323 move
forward at a higher speed than the conveyor
chains, the wheels 817¢ and 3174 are caused
to rotate in the reverse direction, as indicated
by the curved arrows shown close to these
wheels. : e
The belts 320, 321, 322
pulleys 342, 343, 344 and 345, each catried by

" an.adjusting block, the position of which can

30

be changed by turning the hand wheels 346,

347, 348 and 349. The tension of the belts

can be adjusted by turning these hand wheels.
Two similar sets of pulleys are shown- at
350 and 351, these pulleys having their cen-

" ters located somewhat above the center line

35

40

. ward and away from each other by adjusting

of the pulleys just described. These pulleys
are mounted on blocks arranged so as to slide
on tracks 352 and 858. Adjusting screws 354
and 855 can be turned for the purpose of

bringing these two sets of pulleys closer to--

gether or separating them further apart, as
may be desired. By adjusting the positions
of these pulleys, it is possible to determine
the number of shafts 313, the wheels of which

are brought into engagement with the travel-.

ing belts. This active portion of .the .con-
veyor system is shown at f in Figure 26.
Tn order that-each of the belts may be

firmly supported throughout the period of’.

contact with -the conveyor wheels, I have
provided the apparatus which is shown in
detail in Figures 27, 28 and 29. Secured to
each of the blocks carrying the pulleys 350
and 351, T have provided a set of blades
shown at 356 and 857. Each set of blades
is firmly held at one end by the pulley block

associated therewith, and the free ends of:

adjacent sets of blades can be adjusted to-

" the positions of the pulley blocks, as de-

65

seribed above. These free ends are supported
within guide blocks shown at 358, each of
which is provided with channels or passages
adapted to receive the plates, as illustrated
in Figure 28. '

The foregoing description sets forth in

considerable detail apparatus adapted to

convey individual sheets, one at a time,

-and 823 pass over

11

¢hrough the black pickling bath, washing

sprays, drying apparatus, annealing furnace
and cooling chamber, the sheets bein carried
in arched form through the pickling bath and
through the annealing furnace. The im-
proved furnace is adapted to relieve the ten-
sion within each sheet by preheating the

‘crown of each sheet before the edges are

brought up to a high temperature. The prod-
ucts of combustion are .carried along with
the material being heated and cooled, under
sufficient pressure to prevent ingress of air
into the heat treating or cooling chamber.
The sheets may be coated with a protective
covering preliminary to passing .them

‘through the snnealing furnace.

.80

The .foregoing description sets forth in -

considerable detail the apparatus as actually
constructed without attempting to define the
permissible variations in the equipment as

. . . 85
a whole, or in the details of its several ma--

chines and mechanisms. I am, however, -

aware that the apparatus may be changed in
many particulars without departing from

the spirit of my invention as defined by the ¢

appended claims.

I claim: : PN

1. The process which comprises arching
metal sheets, passing the arched sheets into

a furnace, preheating the crown of each sheet ¢

to relieve the tension within the sheet, and
then heating each. sheet uniformly through-
out. " - , ' ‘

90

2. The process which comprises arching -

metal sheets, passing the arched sheets into
an annealing furnace, preheating the crown
of each sheet to relieve the tension within
the sheet, and then heating each sheet uni-
i(éxgéﬂyF throughout up to approximately

8. An apparatus for treating metal sheets

and means for preheating the crown of each

arched sheet to relieve thp, tension in the.

sheet .
- 4. An apparatus for treating metal sheets

100

105

_comprising an annealing furnace, means for =~
arching the sheets, means for conveying the-
sheets in arched form through the furnace,

110

comprising an annealing furnace, means for

arching the sheets, means for conveying the

sheets 1n arched form through the furnace,

and means within the furnace for preheat-

115

ing the crown of each arched sheet to re- |

lieve the tension in the sheet. _

5. An apparatus for treating metal sheets
comprising an annealing furnace, means for
arching the sheets, means for conveying the
sheets in arched form through the furnace,
means within the furnace for first supplying
heat to a restricted area of each sheet, and
means for then heating the sheets uniformly
throughout to an annealing temperature.

6. An apparatus for treating metal sheets
comprising an annealing furnace, means for
arching the sheets, means for conveying the
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sheets in arched form through the furnace,
a burner near the forward end of the furnace
arranged so as to supply hot combustion gases
dilectly to the center portion of each sheet
and means for thereafter heating the sheets
uniformly throughout to an annealing tem-
perature
. An apparatus for treating metal sheets
compr151n<r an annealing furnace, means for
arching the sheets, means for conveying the
sheets in arched form through the furnace, a
burner near the forward end of the furnace,
a combustion chamber therefor having re-
stricted flues for conducting the combustion
gases into contact with the central section of
each sheet, and means for thereafter heating |
the sheets uniformly throughout to an an- .
nealing temperature.
In testlmony whereof I affix my signature. -

WILLIAM E. WATKINS.



