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James E. O’Brien, Baltimore, Md., assignor to
Bethlehem Steel Company, a corporation of

Pennsylvania

* Application August 3, 1946, Serial No. 688,234

. . 1

My invention relates in general to the proc-
essing of metal rods, and more particularly to. a
‘method and apparatus for the controlled cooling
of coils of hot rolled rods of iron and steel.

In the manufacture of ferrous rods and rod -

products such as wire, it has been the usual prac-
tice to conduct the hot freshly rolled rod from
-the finishing roll pass through a water-cooled
tubular guide which initially cools the rod some-
what, then through a water-eliminating appa-
ratus provided with jets of air to blow the water
from the surface of the rod, and then to form
_the rod into coils on a reeling mechanism. From
the reeling mechanism the coils are removed by
a chain conveyor and discharged to a hook con-
veyor for further cooling on a bed or the like.

. Having necessarily been rolled at a tempera-
iture well above the upper critical range, or at
-about 2000° F. to 1800° F., 3 hard black coating of
scale, chiefly ferroso-ferric oxide (FesOs), will
normally form upon the hot rod surface, par-
ticularly on the inner parts of the coil which cool
very slowly. Cooling with water alone below
1500° F. is generally impracticable, because. of
the increased danger of embrittlement due to a
too drastic quench.

But since the amount of scale formed varies in
accordance with the time and temperature of
exposure to the atmosphere, and scale formation
stops below 1100° F., controlled rapid cooling of
the rod in air to below that point effects savings,
both in weights of iron and acid, and in cleaning
time, which when applied to the large tonnages
produced by the usual rod mill are important
and worthwhile. Moreover, the quality and uni-
formity of grain structure, particularly of high
carbon steels, are notably improved, the pearlite
instead of coarse lamellar plates being in the
form of small uniform grains which facilitate

“subsequent heat treatment and.drawing the rod
into wire. .

Among the objects of my invention in the con-
trolled cooling of hot rolled rods, therefore, are
the following: reduetion of scale loss; quicker,
cheaper cleaning of rods due to less scale; more
uniform physical properties from outside to cen-
ter of coils; and better drawing properties in high
carbon grades. ’

. Other and further objects, purposes and ad-
vantages of my invention will appear in the fol-
lowing detailed description, in the attached six
sheets of drawings, and in the appended claims.
_ In the drawings: ’

- Figure 1 is a top plan view of the coiling end
of conveyor and rod cooling apparatus;

11 Claims. (CL 148—21.55)
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Fig. 2 is a section taken along the line 2—2 of
Fig. 1; Co .
Fig. 3 is a top plan detail view of the blower
and hood motor for one pair of conveyor lines;
Fig. 4 is a top plan view of the finishing rolls,
guides.and delivery troughs to the cooling ‘reels;
Fig. 5 is a section through the reel and the
cooling station of one of the conveyors, on the
line 6—6 of Pig. 1; :
Fig. 6 is a fragmentary section, also on the
line 6—6 of Fig. 1, showing in detail the op-
erating mechanism of the hood and dampers; -
‘Fig. 7 is a top plan detail view of the take-up
deviee attached to the hood lifting cable; . -

" Fig. 8 is a:diagrammatic view of one of th
conveyor lines; . . B

Fig. 9 is a section taken on the line 9—9-of
Fig. 5; . L . R

- Fig. 10 is a section on the'line 18—10 of Fig. 9;

~ Fig. 11 is a detail view of the reel pin'control
valve; and . : E S SR

Fig. 12 is o wiring diagram of the electrical
system by which the movements of ‘the reels,
the conveyors, the blowers and the dampers ‘are
automatically coordinated and controlled. ‘

- Referring now to Fig. 4, the numeral | desig=
nates the last or finishing pair of Tolls in a.con-
tinuous- rod- mill, said rolls being provided for
example with the pair of grooved passes 2, from
which' passes ‘the hot rolled rod 3 is directed-by
pivoted guides 4 through  curved water-cooled
pipes or troughs 5 and water eliminators 6.to one
of the four reels 7. As shown in Fig. 1, each of
said reels 7 is at the head of a separate conveyor
8 and is enclosed therewith in a mufile casing 9.
The reels and conveyors:are arranged in parallel
lines on a suitable concrete foundation 8, and
are of substantially identical construction,. so
that the description of one such line willi make
plain the operation of all. T T ny
.- While-other - types of .reels or coilers ‘may: be
used if desired, the reel-T which I have shown in
Fig. 5 is of the conventional laying type; in: which
a rotating delivery pipe (i, driven by gearing
{12 and shafting 18 from an external power source,
coils the rod 3 on the stationary bottom trough
plates 14 of the conveyor 8. The rod coil I8 is
formed horizontally ‘in the ‘usual manner, be-
tween concentric rows of vertical pins {7 mounted:
on a.circular plate 18, which pins are raised be-
fore coiling and lowered when the coil has been
completed through apertures in the bottom trough
plates 14 by the operator admitting steam -or
other fluid through the distributor valve 19 and.
the pipes 20 or-2{ to,the desired end: of the two-.
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way fluid pressure cylinder 22, thereby actuating
the piston 23 connected by bifurcated piston rod
24 to said plate 18. Reel switch 25 controls the
movement of the conveyor motor 26 as will here-
inafter be described.

The bottom trough plates 14 of said conveyor
are slotted centrally at 21 to receive .an endless
conveyor chain 28 carried on sprocket wheels 29,
chain-driven by motor 26, and provided with
regularly spaced spurs 30 adapted to engage the

coil 16 and advance it to initial stop position-189,.

where the operator may inspect it, and thence
through a pivoted flap door 31 to the second stop
position 32.

When the coil 18 has reachéd the second posi-
tion, the conveyor motor 26 is stopped and the
lid-actuating mechanism 33 shown'in Fig..6 lowers
8 heavy deflector lid 34 onto the top of said coil.
The lid-actuating mechanism 33 comprisés ‘an
induction motor 35 connected by a shaft 36 to
ear-reducer 37 havinga crank arm-38 on one end
of its shaft 39, said motor and gear reducer ‘being
‘mounted-on’ the ‘platform 40'supported by I-beam
columns 44. ‘Said crank @rm 38 is connected by
vire rope or cable ‘42, having ‘terminal loops 43
formedaround thimbles 44 ‘and ‘held by clips 45,
‘to’a spring take-up device 46. ‘As shown in Fig.
7, :said take-up device comprises an eyebolt 47,
on which a perforated pin 48 is slidably mounted

and 'yieldably held against the washer 49 and :

nts 50 by theicoil springifi, washers 52, and nuts
53. 'Said pin 48 is pivoted in the clevised upper
grm-of bell erank 54, which'is centrally pivoted
in support 55 mounted on bracket 56 on cohveyor
wover:57. The lower arm’58 of .said bell crank 54
is pivoted to clevised connecting rod 58 ‘which in
‘turn is pivoted to:the deflector-1id 34.

The other end of reducer shaft 39 is connected
By -means of a: couphngJGD ‘to shaft 61 journaled

ih'bearings 62 and’ tefmindting in erank arm 63 4o

connected by link 64 and lever 85 to ‘damnper 66
in‘branch air duct$7, said daniper being adapted
to leave ‘the:duct 67 ‘open ‘while ‘deflector 1d 34
1s ‘down. :Air from one'of the motor-drivén fans
or blowers §8:mounted on the platforin 484is'blown
through main ‘duct 89, branch 'duct 67, gréting
10:and floor ‘plate opening T4 linto ‘the ‘center- of
the coil 16 and olitward thiough its convolutions.
The-déflector lid ‘34 ‘prevents the escape of air

@ver the top of the coil and forces the air to'flow

fhiroughall the 'strands of ‘the coil instead, there-
by ‘cooling the ‘rod uniformly and 4lso blowing
off :soime loose scale. The- exhaust air leaves at
the rear of the casing 9.

~ When the ‘coil 1§ is suﬂiclently cooled and
feady ‘for farther travel, the induction ‘motor
35 s reversed, the 1id 3% is raised, the ‘damper
66 shuts off the air, and the procéss is repeated
with :the next coil. The step-by-step progress
of the coil on the chain ‘conveyor terminates
4t the taised kick-off end 12, 'where it is trans-
ferred 'to “a “hook conveyor 18 for: subsequent
processing.

‘Farh of ‘the two blowers 68 is: normally ‘kept
running continuously, and fiitnishes the air used
to cool the'rod coils ‘18 on two of the four con-
veyors's. When one cofiveyor'is in ‘motion, how-
ever, its'damper 66 ‘diverts the'air"from that par-
ticular conveyor, ‘so” that- fhe Tull air from its

blower=is' directed: to the other conveyor served -

by ‘the ‘same blower. - As soon’ ‘as the: ‘motion -of
the‘conveyor line stops; and the- ‘déflector 1id 84 is
lowered, the damper’66is-opehed so that the nor-
mal situstion of one blower furnishing ‘air: to two
eoils’ 16 simultaneously is résimed.

10

Referring now to the wiring diagram in Fig. 12,
each of the conveyors 8 has as aforesaid a direst-
current driving motor 26, conventionally pro-
vided with a commutator field 74, and with com-
pound-wound shunt field 75 and series field 15'
to prevent excessive speed, and also with series
brakes 16. Electrical control of conveyor motor
26 is provided by the line switch 71 and field
switeh 78, and by reel pin switch 25, lever-actu-
ated master switch 79, emergency shut-off switeh
.89 in.the kick-off pulpit (not shown), limit switch

.81 geared to driving motor 26, relay 82, relay

15

series resistance 83, and starting resistance 84,
and Telay series contactors 85, 86, 87, 88 and 88,

The deflector 1id motor 35, preferably of the
reversible a,Iternatmg-current squirrei-cage in-
duetion type with shunt brake 80, is controlled
by two hatchway type upper and lower limit

" switches ‘91 and 82 operated by a cam 93 on re-

20

[+ 9
oY

[
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ducer shaft 39, relays 94 and 95, reversing starter
relays 86 gnd 97, ‘and:ciut-out  switch 98 ih ‘reel
-opérator’s pulpit 99.

JAssume that ‘the deflector '1id :34 is ‘down, “the
1ee1 pins {71 are'up, and rod is being coiled on the
weéls 7. The line'switch 77-and ‘fiéld switch T8
dre-closéd. The Teel pin switch 25 is open, ‘the
shiit-off switch 80-is:closed, and the-limit switch
81 s in the'position ‘shown in the diagram. The
‘hood motor-upper limit-switch 91 has'its cohtacts
{29 open-and ¢ontaets 101 closed as shown. The
‘héod motor lower limit switch 92 has'its contaicts
{02 open.

"When ‘the ‘coiling is ‘¢omplete, “the ‘Teel ‘Puilpit
operator lowers the ‘teél “pins 47 :ds ‘previously

i deseribed, -and ‘reel ‘pin ‘switch 25 {hen -closes.

The master ‘switch -18-is ‘then: manually placed in
position ‘te close “¢éntacts i63. 'The ‘direct cur-
rént ‘then ‘passes-from fhe Positive ‘terminal 104
through the reel switch ‘25 ‘through-cortacts (U3
of ‘magter switch ‘19 “through ‘contacts 104’ “of
shiit-off “switch ‘80 ‘through contacts “§95-of “Timit
sWitch ‘81 through ‘contacts “H81 -of upper limit
switeh 91 through coil {06 of relay 94'to negative
terminal-1o7. The relay‘contacts 108 ‘then close,
energizing ‘the ‘raise-¢ontactor 96 and completing
the alternating current control ¢ircuit’ to the in-
@uction motor -35. -As 'soon -gs “the’ deflector 1id
34 is raised-a short*distance “thecontacts ‘102 of
the ‘lower imit ‘Switch 92 close; “4nd when “the
hood is fully raised the opening of contaets 101
of ‘the upper limit switch’81 ‘operis relay 94 which
stops the 1id motor 35.

The closing of ‘contatts 160 of said’ upper 1imit
switch ‘81 completes ‘the ‘positive “coritrol circuit

.. to contactor 82, which then starts the ‘conveyor

motor 26 -in understood manner, the series ‘¢on-
tactors 85, 86, 87 and ‘88 closing in desired -se-
guenee when the ‘currénts in their oper ating cir-
cuits’ drop ‘below ‘certain deﬁmte values as the
resistance 83 is thrown “irito the citcuvit and the
coils of the contactors are shorted out, theréby
shorting out in turn the sections of the startmg
resistance 84. ‘The fleld switch 'T8"is provided ds
shown “with 'an auxiliary blade for connecting

= 8 diseharge resistance across fhe shunt field

when breaking that circuit.

After the conveyor ‘8 has tiaveled .a fxed dis-
tance, the limit switch 84 .trips and stops the mo-
tion by opening contacts {05. At t‘le same time
this. occurs, the ‘contacts 109 and 110 close, and

contacts 1{1 open. The closing of contacts 110

75

completes the master switch circuit to the. relay
85 which closes and energizes the’ lower contactﬁor
97: of ‘the motor 35. When the deflector “lid 34
reaches its-bottom position and the ‘daniper’ 66
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is open, the lower limit switch 92 opens contacts
102 to stop the motion, and air from the blower
88 passes through the coil (8. After the deflec-
tor lid 34 has started to:lower, the upper limit
switch 91 returns its contacts to -their original
position. The unit is now ready for reeling an-
other coil. s e e

When the reel operator wishes to move: the
second coil, he lowers the reel. pins and moves
the master switch 19 the opposite way, closing
the contacts {12. The.ecircuit to relay 94 now
passes through the reel limit switch 25, and
through the contacts {12 of master switch 79, 113

of shut-off switch 80, 189 of limit switch 81, and
© 101 of upper limit switch 8{. After the deflector
lid 34 is raised, the conveyor moves and stops,
and the circuit to relay 95 is set up through con-
tacts {11 of limit switch 81.

If the operator at the kick-off pulpit requires

an emergency stop, he operates the shut-off switch
80, the stop being indicated on a signal light
114 controlled by an auxiliary contact 115, If
it is desired to operate the conveyor without the
deflector 1id 34, the latter is raised and cut-out
switch 98 in reel pulpit 89 is opened. The con-
veyor .can operate at any time when the deflec~
tor lid 34 is in the raised position. :
" -Conventional -electrical safety .devices, such as
the fuses 116, circuit breakers 117 and {8, ther-
mal overload switches 118, {20 and {21, and
overload relays 122 and (23, are also provided,
as shown in Fig. 12, and function in their usual
and well understood manner.

Rod which has been cooled by this air blast
system has only a minimum amount of very
light scale, which scale breaks off evenly in
cleaning. The resultant smoother surface has
special advantages for rod that is intended to
be drawn into wire.

Although I have hereinabove shown and de-
scribed my invention in considerable detail, I
do not wish to be limited to the exact and specific
construction so shown and described, but I may
also use such substitutions, modifications, or
equivalents thereof as are embraced within the
scope and spirit of the invention, or as are point-
ed out in the appended ¢laims.

Having thus described my invention, what I
claim as new and desire to protect by Letters
Patent is:

1. The method of reducing scale formation on
hot ferrous rod which comprises the steps of
forming the hot rod at temperature over 1500° F.
into a coil, advancing the hot rod coil to a pre-
determined stopping position, lowering a lid onto
the coil, blowing air into the center of the coil
and outwardly through its convolutions until the
coil is cooled below approximately 1100° F., lift-
ing the lid from the cooled coil, and removing
and further processing the coil.

2. The method of cooling ferrous rods which
comprises taking a hot rolled rod after it leaves
the finishing roll pass at a temperature in the
neighborhood of 1800° ¥, briefly water~cooling the
rod to a temperature above 1500° F., eliminating
residual water from the rod surface, forming the
rod into a coil, conveying the coil in a step-by-step
movement to a first position for inspection, ad-
vancing the coil to a second position, covering the
top of the coil, blowing air laterally through the
convolutions of the coil until the temperature of
the coil is reduced at least to 1100° F., removing
the covering from the coil, and then conveying the
coil for further cooling.

3. The method of cooling ferrous rods which

6

‘comprises taking a hotb rolled rod after it leaves

the finishing roll pass at a temperature at-least
as high as the critical range, initially water-cgol~
ing the rod to substantially 1500° P, forming the
rod.-into coils, conveying each coil in a step-by=
step movement, covering the top of the coil, and
then ‘while the coil is in a stationary- position
blowing air from the inside of the coil laterally

. through the conwolutions of the coil unti] the
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temperature of the coil is reduced to approx-
imately 1100° F, e
-4, An apparatus for cooling hot ferrous ‘Tod
comprising a reel whereby the rod is formed
into a coil, a conveyor whereon the coil is moved,
Imeans responsive to arrival of said coil at 'an
intermediate position for automatically. stopping
the: conveyor, means operable by the stopping:of
the. conveyor to apply a cooling medium to:the
coil, and means operable by resumed: movement
of the conveyor to divert the cooling medium. from
the coil. -~ . = ; . S Ct itk
5. An apparatus for cooling hot ferrous: rod
comprising means for forming the hot rod-intoa
coil, associated means for advancing the hot rod
coil, means for stopping the coil at an.interme-
diate  position, means for placing. a lid on:the
coil, means for blowing air upwardly and -ouf-
wardly through the coil, means for removing the

"lid from the coil, and means for resuming ‘fhe

advance of the coil to discharge position..-

6. An apparatus for cooling hot ferrous rod
comprising pairs of conveyors extending parallel
with the line of delivery of the rod, an inde-
bendent coiling device associated with each con-
veyor, & blower for each pair of conveyors, a pair
of ducts connected to said blower, each duct
having an outlet beneath a conveyor of said pair,
4 vertically reciprocable lid above each outlet, a
damper in each duct, and coacting means actu-
ated when a rod coil is positioned above the out-
let to lower the lid thereon and open the damper
to blow air through the coil. )

7. An apparatus for cooling hot ferrous rod
comprising a plurality of pairs of conveyors ex-
tending paralle]l with the line of delivery of the
rod, an independent device associated with each
conveyor for forming the rod into a coil, a casing
enclosing said conveyor and coiling device, a
flap door closing each conveyor from its coiling
device, 5 grating beneath each conveyor, a mov-
able lid above each grating, a blower for each
pair of conveyors, ducts connecting said blower
to the gratings of said pair of conveyors, a damper
in each duct, and automatic means to lower the
lid and open the damper when g coil is positioned
on the conveyor directly above the grating;

8. An apparatus for cooling hot ferrous rods
comprising means for rolling the rod, means for
initially cooling the rod with water immediately
after the rolling operation, reeling means for coil~
ing the rod, a conveyor electrically controlled for
imparting a step-by-step movement to the coil, a
lid adapted to be lowered to cover the coil while
the coil is held stationary on the conveyor, means
for blowing air into the center of the coil to force
the air under pressure laterally through the con-
volutions of the coil, and automatic means elec~
trically controlled for raising and lowering the’
lid.

9. An apparatus for cooling a hot rolled ferrous
rod comprising means for initially cooling the rod
with water immediately after the rolling opera~
tion, a reeling device for coiling the rod, means
for lowering and raising the reeling device after

78 the coiling operation, a conveyor electrically con-



trolied for imparting = step-by-step movement 1o
‘the coil, & lid ‘adapted to be lowered to cover the
coilwhile the «coil is held stationary on the con-
weyor, means for blowing a hlast of air into the
<center of the coil to force air under pressure
lsterglly through the convolutions of the -coil,
means. electrically controlled for automatically
raiging and lowering ‘the lid, means for holding
t¢he conveyor stationary when the lid is Towered,
and means for discharging :the coil from the con-
veyor.

10. .An apparatus for cooling hot ferrous rod
ecomprising ‘pairs of conveyors extending parallel
with the line of .delivery of the rod, an independ-
ent coiling device :asseciated ‘with each conveyer
for coiling the rod, electrically controlled means
for imparting 2 step-by~-step movement for each
ponveyor, a trough for each conveyor having a
Dbottom ‘wall, :a blower for sach pairof conveyors,

8 pair of ducts connected to said blower, each s

duct having an outlet in the bottom wall .of the
trough beneath a conveyor of said pair, a ver-
tically reciproeable lid above each outlet, a
damper in each duct, and coacting ‘means elec-
trically @actuated when a rod -coil is positioned
above the outlet to lower the 1lid thereon and
open the damper to blow :air inte the center of
the ceil-and forcing the air uinder ‘pressure later-
ally threugh the convolutions-of the coil.

11. An apparatus ‘for -cooling ‘hot ferrous rod,

[ 2]
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‘comprising ‘a- plurality of pairs of ‘conveyors €x-
tending parallel with the line of delivery -of the
rod, anindependent coiling :device associated with
each conveyor for forming the rod into-a.coil, a
easing having :a bottem :wall enclesing each -con-
veyor and coiling device, €lectrically controlled
means for imparting a step-by-step movement ito
eath conveyor, & grating in the bottom wall of
the casing of each:conveyor, & movable lid above
eachgrating, a blower for each pair of conveyors,
ducts conneeting said blower to the gratings of
said pair «of conveyers, a4 damper in each duct,
and avtomatic means €lectrically actuated to
Jower ‘the Iid and :open the damper whena coil
is positioned on the :conveyor. above -the grat—
ing.
JAMES E. O’ BR.IEN
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