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The present invention relates to blast furnaces and

particularly to control of the various flows of blast air.

to the different tuyeres.

It has become conventional practu:e to supply blast air

at a constant volume rate that is calculated from varicus
factors relating io. the particular furnace and particular
charge, and distribution of the blast air to the different
tuyeres desirably is maintained in preselected ratios.
Various causes tend to disturb these ratios and the pri-
mary object of the present invention is provision of a
novel system that operates more effectively than do sys-
tems previously proposed for accomplishing the same
general purpose. Such systems, for example, are dis-
closed by U. S. Patents No. 1,726,298 and No. 2,083,046.

The conventional practice of supplying blast air at a
volume rate that is maintained constant in spite of varia-
tion in the resistance to air blast delivery, the so-called
“purden” of the furnace, involves variation in the power
expended in delivering the blast air. Obviously the in-
dividual valves of the different leg pipes that deliver the

air to the different tuyeres present a power consumption--

increasing source of resistance. To avoid introduction of
unnecessary resistance, and resulting unnecessary power
expenditure, it is desirable that all leg pipe valves be
maintained as wide open as possible, while still main-
taining the proper ratios between the volume rates of air
delivery to the different tuyeres. In the event that the

total demand of the leg pipe valves, as measured by the:

degrees to which all of them are opened, exceeds the

constant volume rate at which the blast air is supplied,

the required ratios among volume rates of delivery to the

different tuyeres will not be maintained. This is simply -

because there is not sufficient air for all tuyeres and their

rates of delivery then are determined independently. of.

their valve settings by flow rate-affecting factors that are
individual to the various leg pipes and tuyeres, such as
relative distances between the hot blast main and the lo-
cations of connection of the different leg pipes to. the
bustle pipe, and the local furnace charge conditions at
the delivery regions of the different tuyeres. Further-
more, while changes in the furnace burden, which de-
pends on the condition of the charge as a whole and
which may change considerably during progress of fur-
nace operation, or a selecled change in volume rate of
total blast air delivery, tend to affect air flows to the dif-
ferent tuyeres in generally similar manner, they may up-
set the correct tuyere delivery ratios due to such indi-
vidually differing factors as those mentioned above.

Another problem arising in blast-furnace operation is

that presented from time to time. by partial blocking- of

tuyeres by the furnace charge.- As set forth in Patent No.-

2,083,046, this condition, once initiated, tends to intensify
itself by cooling of the charge in the region of the blocked
tuyere, but may be overcome by forcing air through the
blocked tuyere at the normal or an increased rate.

the leg pipes supplying the other tuyeres to provide the

- bustle pipe pressure necessary to the forcing and prevent

bypassing to unblocked tuyeres of air not accepted by the
blocked tuyere, and its distribution among the former
in accordance with the selected ratios for which their re-
lays are set.

In a way that somewhat resembles that of the system

disclosed by Patent No. 2,083,046, the system of the pres-

This
forcing may require closing adjustment of the valves of.
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ent invention accomplishes these results by imposing on
each leg pipe valve relay a master signal that serves as.a
standard for adjustment of the valve of that leg pipe in
accordance with the condition of the tuyere of that leg
pipe, and which master signal is varied in magnitude in
response to the positions of all of the leg pipe valves to
provide for an increase in bustle pipe pressure if a tuyere
is so blocked as to require it. However, in the present
system the master and leg pipe signals are developed by
and control operation of novel apparatus functioning in
accordance with a novel theory and a novel and marked-
ly improved mode of operation.

In brief, the novel theory upon which the present in-
vention is based is development of a master sighal that
represents both the volume rate of blast supply and the
furnace burden, thereby simulating the volume flow rate
through a leg pipe and tuyere that are in normal -condi-
tions, and serving as a very accurate standard to which
the actual air flows through the different leg pipes are
compared for development of corrective signals that ad-
glst the leg pipe valves to effect correction of a faulty

oW,

An essential feature of the invention is that the master
signal is developed from the blast supply by metering
the volume rate of flow of a discharge from the hot blast
main or bustle pipe. The discharge path is so arranged
that it presents flow resistance that varies with the fur-
nace burden. By controlling the rate of the master signal
developing discharge in response to the positions of the
various leg pipe valves, the system acts to maintain all
leg pipe valves as open as is consistent with maintenance
of the proper flow ratios, and it also responds to blocked
tuyeres to open the valves controlling them, close other
valves sufficiently to maintain the required flow ratios
and, if necessary, raise the bustle pipe pressure. An ex-
tremely important operation characteristic of the system
is that in the event of a total demand of all leg pipe valves
exceeding the constant vclume rate of blast supply, an
automatic closing adjustment of all leg pipe valves will
occur, reducing the demand until it matches the pre-set

- volume rate of supply and the proper ratios are estab-,
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lished. .

In the specific form of the invention herein disclosed,
the master signal is developed from a special pilot.flow"
discharged direct to atmosphere from the bustle pipe
or blast main, preferably the latter since it is not sub-
ject to localized pressure variation as the bustle pipe
may be. The pilot flow is discharged through a bleeder
line presenting resistance to flow that simulates the furnace
burden, and that automatically is varied to maintain
that simulation. as the burden varies, and preferably in
response to leg pipe valve positions to obtain the desir-
able operating characteristics set forth above.

An important novel feature of the present system is
that, in accordance with the theory of the system out-
lined above, and regardless of the particular type of dis-
charge flow selected for master signal development, the
master and individual leg pipe signals respectively are
of magnitudes having proportional relations to volume
rates of air-flow, and as hereinafter disclosed, conveniently
may be developed by differential pressure type flowmeters.

Another important novel feature of the system, and

.one that is not confined to a system wherein the master

and leg pipe signals are developed by flow metering,
is the arrangement and resulting mode of operation of the
section of the system that regulates the master signal
magnitude in response to the settings of the leg pipe
valves. The cycling variation of the master signal and
resulting cycling opening and closing of leg pipe valves
disclosed by Patent No. 2,083,046, which are resorted to
for accomplishing forced draft clearing of blocked tuyeres,
is avoided, and consequenily in the instant system the.
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leg pipe valves. are maintained constantly in as wide

open conditions as permitted by the three controlling

factors;: total volume rate of blast delivery, furnace

burden, and selected. I'c.IlOS of olast dehvery to the d!ffer-
ent tuyeres.

The master. szanal automancally is S0 controlled as to

" provide the following scheme of leg pipe valve control.

A ranige of positions within which the leg pipe valves are

to operate under normal condrtrons is'selected, the-upper -

‘limit ¢f which’ prefe“ably is. at’ or mear the limiit" of
_opening ‘of those valvés, and ~which extends to -a pre-
selected degree. of ¢iosing.
which is combined -at each’ leg pipe-Valve Telay-with a

- signal that represeats. flow rate .through that leg ‘pipe,.
to provide a-resultant relay signal Which is used to dd--
just -the -valve of- that _pipe to’ properly  proportion: the .
In -
~'a conditioh wherein all leg pipe valvés.are. closed to-

flow through it to the inagnitude of the master signal..

degrees below the-lower &perating range limit; thé master
signal: is' so regulated as to -constantly be varied in a
sense “to impose on-each leg pipe: valve relay..a signal

calling for continuing opening adjistment of the valve .
Resulting opening "adjustmiert: of -all -

_that it ‘controls.
of the valves continues ’un‘tjl at least. one of theni has
“reached the lower limit of the operating range, at which
time the -variation of the ‘master -signal is stopped.
"~ this condition ‘a 3
‘pipe valves will have reached-the lower limit of the op-
erating range.  After terminatioi” of -the valve-openmg
variation of the master signal;-any-furthet opening of any
valve is in: response only to deficiency ini the air:flow
'through the leg pipe controlled by-that-valve: 'Ia the

.. event-that. any One valve réaches the upper hmlt of the’
operatr_ng range; the master signal control auntomatically .

_starts-to ‘vary the master signal in ‘a sense to-initiate
“closing operation of all leg pipe valves. | However;

“controlled- by the wide open valve,-the-opening leg.pipe

" signal applied to thé relay corntrolling that valve ‘will,
. gverride the: closmg master signal, ‘and.the valve jof the"
;starved leg” pme will Temain ‘open while. all other valves-
are increasingly closed.” As d.Sungurshed from the above-: -
-mentioned: cychcal varratron of the- pnor art, this valve-,
.Closing variation-of the master signal is not continued. .
~ until the lower limit of the operating

“ reached ‘by-all valves, but is.terminated: as soon-as_the

‘. valvés have ‘been suﬁimently closed ‘to eliminate-the de- -

*ficiency through the leg pipe ‘controlied by the valve that
- started the closing-operaticn, which is srgnalled by de-

- . parturé of that valve from: the-limit position; Further-. .
more, all valves but the starved one may ‘be closed to -
greater degrees than the lower limit condition so long.

" -as-that.starved valve remains in the operating range.

This it will be seen that the operation charactenstrc'

of ‘the system embraces a lower non-operating “valve-

position range, “occupation of wmeh by-all valves serves -

“to vary the master signal in a sense resulting in’ adjust- -
ment of all valves increasingly toward. cpen and continu-
ing. until -at-1éast one of them is in the operating range,
‘and a second; ‘or: oneratmo range of valye positions:occu-

pation- of which’ bv any - valve. preciudes variation of - -

.- thé 'master - sxgnal in ‘the -sense -fo- cause -further valve
openmg, but: wherein® any valve  may be-further: opened

in response to deficiency in flow raté-through the leg pipe-

controlled :by:it and an upper open limit of the operating

“range,. reaching. of .which by any other valve serves EO
readjust the master signal to- the-degree that is necessary’ e

" ‘to ‘Temove “the: valve from the -limit position and place :
it at-the upner limit of the -operating. range; in which
condition

, variation

‘of the: "iow rafe through the leg: pipe. that it
controls. -

o~ The acco‘npanymo drawmg is a scnemaﬂc dlagrarn ofr'
a portron ‘of a system arranged’ accordmg to the in-. -

véntion . and showmg schematically and in:detail a relay
,and regulator system for controlhng one leg plpe valve,

- 2,774,368

“A ‘mastér signal is developed,. -

In-
at-least ome, and ‘possibly more, of the-

in’- .

. case of a severe air ﬂow'deﬁcrency through the leg- plpe"

range has beenj40 -ends, caused” by. departure -of the"jet pipe’ from. equal-

60" the leg pxpe 7 the valve: body 11 of thch it controls» o

it again ‘becomes subject to. readjustment by

: -4 :
the portion of the system for developing:the. master sig-
nal, the motor switching relays that control the motor

"~ and valve. for regulating ‘the. master signal. magnitude,
and two of the Sswitching relay sections that - operate

- 5.-'the -motor swrtchmg relays -in_reésponse to the leg plpe

- valve posrtlons Animportant feature of novelty of the- »

- system is-that the master signal is developed by discharg-

ing -4 -bleeder pilot -figw. of air from-the blast’ source .

through a“resistance ‘that s1mulates the furnace burden.

Describing the drawing.in. detail,"a hot blast main’is:
designated 5, is'the supply ‘source ‘and is"assumed to be
~stipplied with ‘het’blast® air- .at a constant -volume - rate.-

- Main 5. delivers  to a--bustle .pipe-6, which in convern-~

- tional fashion is-assumed to encircle a biast furnace: and:

15 with which plural leg. pipes 7 ‘are’ connected: for supply-- - ‘a
- ing individual tuyéres such .asthat mdlcated at-§,  ands’ )
provrdmg plural discharge paths from main 5 apd bustle - .
pipe 6. In the drawing only two leg pipes and ome. : =
tuyere are shewn, .it being ‘understood -that as- many as: -
20 required for- the furnace are coniected to the bustle. .
pipé 6. One of the leg pipes 7 is 'provided with a flow."
rate regulating valve assembly that is shown-in section -
at 9, ‘and the other with a similar valve assembly: 10"
shown in elevation, edch such:valve conveniently being:

25 a plug valve with a body 11, that is ‘movable toward
and away from closed relation to seat 12, and-that is
opetated by-a piston and’ cylinder assembly - 13.-

The cylinder: and piston . assemblies 13 are the -power:

" .. output units of first'and second relay devices, generally ..

30. designated 14 and 15; such as-of the hydraulic: jet pipe- .
and auxiliary piston type shown-at 14, comprising a jet'
pipe 16 that is pivoted for-swinging about a fixed axis
. 17, and that- is supplied. with pressurized -fluid, such' as
-oil. -‘The jet: pipe d1scharges from an orifice in.its tip a

35. streamof this oil in the direction of an aux1hary ‘piston-

18 that is movable in’ a ‘cylinder structure- 19, - Af the

side of ‘the piston facmg the jet p1pe is a receiver strue- . .

tuié-provided with & pair of: receiver ports 20 that -are. -’

narrowly spaced in- the direction of piston travel, -which- "

40 -also is. the direction of movement of: the jet’ plpe orifice=. .-
.as-the jet pipe swifigs about axis ‘17. - Thé receiver -ports: -
720 are cross-connected by passages through the auxiliary
plston 18 with cylinder ‘Spaces at-opposite’, ‘ends - of “the*
‘piston, so that upen unibalance: of pressure at_the-piston-

10-

" registration- with the ‘two -ports 20, the piston will  be
_moved by the pressure differential 4n the- du‘ectron of .o
dlsplacement that -movemeit continuing until - the’ ports :

‘20 ‘are ‘dgain in-equal registration-with’ the . jet -pipe:
50 - orifice. - By this “strctural arrangement the :piston - 18-
follows movement. of the jet pipe. The piston 18 s
_ connected to a control valve 21 of -spool type. that s
“movable in opposite - directions from a neutral -position:
respectively to counect the different.ends. of the cylindei .

55 of assembly 13 ‘with" a -source of pressurized . ﬂurd and - -

- with ‘exhaust in reversed senses- respectlvely 1o open and;
_close the ¢onnected valve body 11.7 - -

" The jet prpe has ‘exerted- upon it a posmomng srgnal
force that is- proportlonal to the flow rate “of air through’

e'rably of the dlfferentlal pressure type inc udmg_
65. restrictive. means -and pressure signal prpes “for detectm S
pressures in regions of dlﬁerent pressures developed by
" thé flow restrictive means: Such an ‘assembly 15 shown : :
a§ coudiprising a venturi type ‘low testriction 22 ,navm BE
an.upstream pressiire signal- prpe 23 tapped: into it at-als e
70 location spaced towazrd the leg pipe valve and bustle pipe. .= -
. from - its  point of maximum * restriction, did & dowi-.
_stféam signal presstire. pipe 24 tapped intd. it at the .- n
narrowest part of its throat, these locations bemg Iegrons S
of different: pressures developed ‘by- the. flow réstriction
7 Tlie plpes 23 and’ 24 are connected Wlth mputs of‘
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foiee balance device that opposes one to the other to de-

velop a force signal of a magnitude proportional to their.

differential and that is also proportional to the volume
rate of fluid flow through venturi 22, as is well known.
The device in question is shown as a diaphragm assem-
bly 25, having a pair of closed chambers 26 respectively

connected with the different signal pipes 23, 24 and’

separated by a flexible diaphragm 27 to which .a signal
link 28 is connected. The force exerted through link
28 by diaphragm 27 is exerted on jet pipe 16 and tends
to position it. The senses of signal application, that is
of the pressures of the different regions of the venturi
22 to the diaphragm 27, and of application of their
resultant force, are such as to tend to swing jet pipe 16
in directions to open and close valve body 11 respectively
in response to decrease and increase of rate of air flow
through the leg pipe.

It will be seen that the relay mechanism so far de-
scribed and which is provided at each leg pipe for
operating the valve body 11 of that pipe, constitutes a

flow rate regulator, operation of which tends to main-

tain the volume rate of flow through that leg pipe con-
stant by adjusting the valve body 11 to correct variation
in that flow rate. Each of the relay assemblies is pro-
vided with a so-called “ratio regulator” by means of
which setting of the relay for different volume rates may
be accomplished. The ratio regulators of the different
leg pipe relays afford means for selectively varying the
ratios of volume rates of flow through the varicus leg
pipes that are to be maintained by the system. Each
such ratio regulator includes a lever 29 that is angularly

positioned by. movement of the motor output link 28

and a slider 30 that is movable, as by a handwheel 31,
between and along lever 29 and jet pipe 16 to vary the
point of application to the latter of the signal from
diaphragm 27 transmitted by link 28 and lever 29, thereby

10

15

25

30

to vary degree of response movements of the jet pipe -

to changes of force exerted by the diaphragm.

As has been suggested above, such factors as distance
of .a particular leg pipe comnection with the bustle pipe
from the delivery location of main 5 may affect delivery
through that leg pipe, and this characteristic exists even
though the leg. pipe in question be provided with a con-
stant flow regulator of the type just described. . For ex-
ample, the volume rate of air that is drawn off by other
leg pipes may so reduce the air supply to the one in
question that it will not receive the proper proportional
flow regardless of the setting of its valve by the relay.

To obviate this difficulty, the relays such as 14 and 15
. are provided with a common master or pilot signal addi-
tional to the signal developed by the venturi 22, which
latter signal represents the flow rate through the indi-
vidual pipe. This pilot signal, which is applied in com-
mon to the relays of all leg pipe valves, represents volume
rate of a discharge from main 5. In the specific form
shown it is developed by a pilot line 33 that has an inlet
in communication with the hot blast main and bustle pipe,
as by connection at 34 to the former, and that has struc-
ture presenting to air flow through that line a resist-
ance that is preselected and preferably adjustable.” Con-
veniently this pilot bleeder line 33 discharges to at-
mosphere which is assumed to exert substantially con-
stant back pressure, and it is provided with flow restric-
tive means, which may be a control valve alone, but which
preferably includes structure providing an orifice 35 for
development of a -differential pressure signal. The up-
stream pressure, which is transmitted by a signal pressure

40
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pipe 36 connected to line 33 at the upstream side of

orifice 35 is opposed, at each of the individual leg pipe
relays to the upstream pressure developed by the venturi
22 of each of the different leg pipes. Conveniently, this is
accomplished by connection of signal line 36 with a second
expansive chamber force device 37, also shown as of
diaphragm type and with a flexible diaphragm 38. The
pressures of the regions upstream and downstream of

70

75

orifice 35, the latter of which is atmospheric in the af-
rangement shown, are exerted. oppositely on -diaphragm
38. Therefore device 37 actually is a flow-rate measur-
ing device of the same pressure differential type as device
25. The resuliant force developed by diaphragm 38 is
transmitted as a positioning signal to jet pipe 16 by a link
39. Senses of introduction of pressures to devices 25,
37, and of connection of the diaphragms 27, 38 to jet:
pipe 16 are such that the upstream and downstream pres-
sures developed at the restrictions 22,- 35 are opposed,
so that the leg pipe and bleeder line flow rate signals are
summarized by opposition.” Thereby the volume. rate of
flow through the leg pipe is proportioned to the bleeder
line flow rate, and varies in response to its variation, and
all leg pipe flow rates, by being varied in proportion to
the bleeder flow, are maintained in the ratios selected
by setting. of their respective ratio regulators 29.

In further consideration of this characteristic, the senses
of application of the various signal pressures and their
effects on the relay and the valves thereby operatéd may
be considered. The upstzeam leg pipe pressure is ap-
plied to diaphragm 27 in a sense to swing the jet pipe
16 rightward or clockwise as seen in the drawing. This
tends to. operate the auxiliary piston and valve body
21 rightward, thereby to admit operating fluid to the up-
per end of the cylinder of assembly 13 and connect the
lower end of that cylinder with exhaust, and thereby move
valve body 11 downward toward closed position and
tending to reduce flow rate through the leg pipe and the
differential between the upstream and downstream pres-
sures developed by venturi 22 and the former of which is
opposed to the upstream pressure by diaphragm 27. The
signal pressure delivered through pipe 36 tends to swing the
jet pipe 16 leftward or counter-clockwise, as seen in Fig. 1.
This tends to aid the downstream pressure delivered to
diaphragm 27 by pipe 24, and atmospheric pressure
exerted on diaphragm 38 aids and opposes the upstream
and downstream pressures of venturi 22,

The above arrangements assture the proper distribution
of air flows among the leg pipes so long as the total of
the leg pipe valve demands are within the volume flow rate
of blast supply through main 5. '

Assurance of maintenance of the leg pipe valves in
as nearly wide open condition as permitted by the blast
supply, ‘burden, and individual tuyere conditions, and
assurance of a maintained flow rate to a partly blocked
tuyere are provided as follows: Bleeder line 33 is pro-
vided with a valve 40 that is connected in series in line
33 with orifice 35, and upstream, toward main 5, from
the orifice and the tap point of signal pipe 36. This valve
40 permits selection of a particular degree of resistance
to air flow through the pilot bleeder line 33. It may be
regarded as effectively being a resistance to flow that is
parallel to the total furnace resistance, and its adjust-
ment permits variation of the bleeder line resistance to
to simulate the resistance of a specific furnace condition
or a particular furnace burden and effect of such resist-
ance or burden on air flow .to a normally operating
tuyere. Adjustment of this valve 49 towards more open °
or more closed positions serves respectively to increase
and decrease the magnitude of the sxgnal delivered to all
of the relay signal devices 37 through plpe 36, which in
turn tends respectivély to adjust all leg pipe valves toward

‘open or closed positions. Setting of valve 40 to stimulate

a particular furnace burden, therefore, serves as a means
of adjustment of all leg pipe valves to positions that afe
proper for that burden and affording a standard for regu-
Jation of each leg pipe flow.

The valve 48 is subjected to automatic adjustment
operation to maintain it in correspondence with the
furnace burden condition, to maintain the leg pipe valves
as wide open as possible with maintenance of proper
operation and to provide the proper relative adjustments
of the leg pipe valves in case of blocking or 1mpa1rment
of air flow through any of them.
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Electrlcal power for operafmg valve -40is supphed from

The Teversi g Cifchits . of mot‘ 5 are provrded
with a comtfion terfiinal 46 that fiay be connected to one

forel e that circuit.
don:tinning- condltron of the motor. .
- Switchilig of thée miofor terminals is. accotiiplished - by
- ghéans of -two - valve posmon-responsrve rélays- 49, 50.
The solenoids of . thesé réldys. ‘dré s6 . coniflected in an
- étiergization ¢ircuit control 6d By the leg pipe valves that
while all valves are in relatrvely closed conditionis lymg
below the lower hmrt of the selected operatmg range,
- terminals 46,
operate Motor- 45 ifi & direction fo open valve 40. Open-
g of valve 49 incréases the diffeiéntial pressure- -be-

tween’ the Upstréam fegion of ofificé 35 and atmosphere, -

ificreases: the madgnitudé “of - force  developed by relay
regulator -inotor 37 arid -operatés. all - of the leg pipe

.vilve rfelays 1o -effect opemng ad]ustments of the valvef

) bodles 11 of all leg prpe valves. .

- Further, telay 49 is so controlled that upon arnval
y of any valvé body 1% at the degree. of opemng corre-
.. sponding to the lower limif of ‘the operatmg range, motor
'operatron is: termmated ‘and & circuit. for operating the

3 ‘43 to the energlzmg wmdmg termmals 44: of‘

other terthinals 47 6F 48 of the fespective circuiis
‘Opering -of. both circuits results o~

8

“Fhe switch of ‘the- hish pressure, or leg prpe valvev

opemng Limit: switching- relay- 62; includes  a contact 72

. that is coniiected with' the first side of supply 66 by the

 same. wirifig that so-connects ‘contact 64, a- contactor

10

.66 by line T7L.

773 and a controlled coxtact 74 that - is connected - with-
_ - powercontact- 72-when_pressure :in line- 60- Téaches the - -
- selected: limit,” say _forty-five pounds

“Coittact - 74 is-
connected by a line 75 with a second-common’ control;
line ‘76 that” also.is ‘connected with: the high’ pressure;
switch- of ‘each of the ‘leg- pipe valve: assemblies.:
line 74 is connected.to a contact 77 of relay 49, During'
de-eniergized condition of solenoid 69 contact 77 is’ dis-

connected, but upon energization. of -that solenoid it is--
. connected by contactor 78 with a controlled contact 79.

The Tatter is- comnected by a line 80 with one “terminal’
of the solenoid 8% of relay 50, the second terminal of
which is connected wuh the second side of power_ supply

solenord 69 of relay, 49,
Relay 49 includes a second switch assembly: mcludmg

. a pair of contacts 82 which ‘are connected: together by

a contactor 83 while solenoid 69 is de-energized and dis-:

~ connected while lt is energized. “Closing -of " this latter

25

. motor in ‘thé feversé direction is condltroned for closmg =

" by relay 5§67 - Upon arrival of any one of the leg pipe -

. valve "bodies 11 -at -the preselected w1de-open limit;

switch setves to short-circuit. ‘tne. terminals 46, 48-of . .
motor 45, thereby operating motor 45 in the direction to .-

opén valve ‘49. . Relay 50 “includes. a -similar “switch -
‘having contacts 84 and a cofitactor 85 that connects- them S

when “the solentoid. 81 is- _energized to interconnect motor -
terminals 46, 47 to run the- motor in the du'ectlon to -

close. valve 40,

The 0perat1on of the: pressure and motor swrtchmg’ :

- relays, dnd._the resulting’ -control-of ‘motor 45 and valve

; relay 50°is -actuated to énergize: the. circuit that operates

the Totor- in” valve-closing direcfion.
¢omplished by a ,vVide'Variety of remote. contfol  sys-

- fems, and is shown.in a preférred form -as including a’
“variable pressuré System for-each leg pipe valve, which

Systems. operafe pressuré responsrve sw1tch means. that
- control relays 49, 59. v

‘The Vafiablé pressure system of each. leg pipe control
assembly is supplied. with- operating ftuid: under. pressure
by a pipe. 54, -
©-is"comnected wrth a cam’ 55‘ that is.rotated in: ‘opposite

B drrectrons in response tg one ing. and crosmg maove-
This-cam posrtrons the ™ .

~ments of the ‘valve assembly
“valve. 56 -of 4 fluid: pressire systern “through -a-link 57
- and spring 58. | A dvaphragm 59.is connected ‘with: -Spring
'758 and the emansrble chamber ol:' which_ it forms a

‘This: may be ac- =

- It will be seen that each leg prpe valve

-40; upon blocking' of any ‘tuyere is as follows:~

tion of air flow thlor.gh the. leg pipe ténds to equahze
the maguitudes of ‘the upstream and ‘downstréam. pres-

_siires developed by venturi 22, :redicing the differential

across diaphragm. 27 ‘and permitting the force exerted.”
by draphragm 18 to. ovemde it.

6f ‘relay 141§ to-start ‘opening valve 9;-Assuming that

the system has been Operating normally, the low pressure -~
switchitig-relay of at least one leg pipe valve: system will:-
- be closed, -and in any -event. the “one ‘controlling the .

. blocked ‘tuyere is either already ctosed “or “will “become,

-50.

0 exert upon 59.a- force that opooses “that. of sprmg 58 -

thereby 16-maintainia proportronal relation“of the pres: -

-sure in line 69 to-the: augular position of ‘cam 55 and the
,posztlon of-valve body 2i-
. in ‘iine. 69 -controls-low: and - hrgh pressure-responsive
swrtchmg relays: 61,762, Whrch are connected. as shown
“to-control ensrgization of ‘the- solenoids -of relays. 49, 58

The: magmtude of pressure,

Cine such ‘relation to the swztch wiring-of -the latter relays-'- .

odLee the ‘schame: of motor operanon described
£ c. It may be assumed ‘that the low pressure swrtch
: ,'61 responds 10°a_pressure of forty pounds per- square

T as e

g range of: leg ‘pipe valve. posmons to ove-itsitco

- one side ‘of am électrical source 66 for the solenoids -of

- relays'48, 58 When the pressure of line 66-drops below - .

this: limit;: switch 63, 64, 65 7is' opened.- Terminal . 65

: mch, COTTH espondm" to'a selected low. llrnrt in‘the’ operat<5

_—~tactor. 63 iato -circuit- closmg relatlonship ‘with . a* pair>
of contacts 64, 85, the former-of which ‘is? ‘connected-to 6

60

- is: connected by-a line 67 with a line 68. that is a: com-,'
.. mon: valve- pesmon»confrolled line: connected w1th the-
: pressure Switch-relays 61 of .all: of the:-leg ‘pipe valve -

) mechamsms, and ‘it leads fo oiie. terminal of ‘the solenoid-

'wmdlng 69 of relay.- 49.  The other termmal -of -that
-solenoid is -corinected by lines ‘70 * with. the second
-~ side; of power supply 66

5 -closed as valve opéning progresses;
69 oOf telay 48 will be energized, conditioning the circuit -

of solenoid 81 of relay. 50 for energization. and insuring. =
that“the ‘bleeder valve opening circuit 48, 82, ‘83, 82,46 .

Stibsequieiit continuing opening' of- the. leg’pipe- -

“leg pipeis “relatively - large.
- the unblocked lines will ‘continue §o.long: as one lineis .
suﬂicrently blocked 1o be maintained fully open since, 5077
.. long as: one low pressure switch 61 :is closed-the bleeder .
-valve-opening  circuit 48, 82,83, 82,746 -Temains. open;
" and §o0 long as one hlgn pressure swttch remains. closed - ..
the bleeder” valveiclosing circuit” 47,784, 85, 84; 46-re--
“ains closed As ‘clearing .of the ‘blocked tuyeré pro-
gresses air: ﬂow ‘through it “will ‘increase, umtil the’ slgnal

'the leg plpe valve controllmg 1t

“Therefore; solenoid

is-open. .

“This-

It will be:seen that energization-of the
.- solenoid of relay. 50 is: dependent upon energrzatron ‘of
20 :

Reduc--

- The resulting operatron" L

'

valve controlling the ‘blocked tuyere to the limit position” - - NS

will result in closing of th., high pressure switch 62, ener--~--
o gizing solenord 81 and. “closing the: bleeder: valve closmg :
citcuit 47, 84,°85; 84, 46 starting motor 45 in the direc- -
fion-to close’ valve 49, Closmg valve 48 decreases volume -
rate. of pilot flow through orifice 35, thereby decreasing -

the magnitude_of ‘différential pressure across. it, and the - i

resultant force exerted on diaphragm 38 of each ‘of the

_,relays controlling -‘the ninblocked tuyeres, and ‘operating -
the telays :to effect . closing ‘adustment " of ‘the valves that- = -

“The master- pressure. signal. reductlon, how- .. -]

~not-affect. the regulatlon of ‘the relay:control-~ ~-* -

they €O; trol

e locked ‘tuyere, sinceithat:pressure and the Tesult-
aided by the downstream’ pressure exerted

force balance -is ‘such as to. egin closmg adustment of.~

gm 27 through -pipe 24, "which ‘in the “blockéd:
The closmg adustment -of -

At commencement of .
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this closing, the high pressure switch 62 will open, ter-
minating energization of solenoid 50 and closing adust-
ment of valve 40. Thereafter, closing of the leg pipe
valve of the previously blocked tuyere will continue until
it reaches the degree of closing corresponding to the
selected limit, at which time pressure switch 61 will open,
de-energizing solenoid 69, and starting motor 45 in the
direction to open valve 49. Thereafter the system will
operate by variation of the master signal and operation
of leg pipe relays uatil it is in normal condition.

In the event that supply through main 5 is insufficient
to supply all of the leg pipe flows called for by the con-
ditions in which their valves are set, pressure at 34 will
decrease, with a consequent decrease in volume rate of
discharge through line 33 and orifice 35. This will de-
crease the magnitude of the master signal component
tending to maintain the leg pipe valves open, and conse-
quently the leg pipe valves all will be adjusted to the
more closed conditions called for by the actual blast
supply and necessary to maintenance of the selected leg
pipe flow ratios.

‘Opposite operation occurs in the event that blast sup-
ply exceeds the valve demand, which condition is reflected
by an increase in master signal magnitude and results in
opening adustment of the leg pipe valves.

"Actually, with the possible exception of some abnormal
situation, conditions will not occur wherein the blast
supply is deficient or in excess of the valve demand, since
the system responds in the ways described immediately
above to any trend toward them rather than delaying
response until they actually exist.

It will be noted that in line 87 that connects terminals
64 of the pressure-responsive switching relay 61 and ter-
minal 72 of relay 62 is connected a make and break
switch 88. Opening of this switch in the relay circuit
of any leg pipe valve control system disables that entire
circuit from control of motor 45, thereby making opera-
tion of the motor by that leg pipe valve impossible regard-
less of its position and the resulting magnitude of pres-
sure in its signal line 69, but at the same time not disa-
bling control by the circuits of the other leg pipe systems.

Such disabling is made necessary by provision of each
of the individual leg pipe control assemblies with a
manually actuated control by means of which the simple
adustment of a control member between three positions
can effect either automatic positioning regulation of the
leg pipe valve by operation of the system as described
above, or its adustment to a fully open or fully closed
position. This is permitted by auxiliary relay mecha-
nisms that operate in response to positioning of the
manual control members. .

A control assembly is shown by means of which selec-
tion can be made between this manual open-closed opera-
tion or. automatic regulation. .Full disclosure of the
mechanical and structural details of a suitable arrange-

ment is made by U. S. Patent No. 2,635,584, dated April-

21, 1953. 1In brief, the arrangement includes a control
member such as hand wheel 90, rotation of which among
three positions selects between automatic control of the
leg pipe valve or'its opening or its closing. In the system
in question hand wheel 9@ constitutes the actuating ele-
ment of a master relay control 91. The system includes
two channels, which respectively include pairs of con-
trolled lines 94, 94 and 95, 95. The master relay control
is so arranged that it 'selects the one or the other of the
two channels that is effective to control the senmse Of
selective connection of the cylinder lines 96 with supply
line 92 and exhaust line 93, thereby .to select the ends
of cylinder 13 that are connected with supply and erhaust.

" To accomplish this result the one of the channels that
includes the lines 95 is the automatic control channel that
is operated by the jet pipe 16, and valve 21 accomplishes
the selective senses of connection of lines 95, 95, and the
cylinder lines 96, 96 with supply and exhaust in response

to the position of the jet pipe 16. This channel includes -

10

20

30

35

40

45

50

60

65

70

10
a cutoff valve 97 that is selectively positionable either t6
block or unblock both lines 85.

The other channel includes a blocking and control
valve 98 that is movable from a neutral position wherein
it blocks both control lines 94, in opposite directions re-
spectively to connect lines 94 with supply line 92 and ex-
haust line 93 in reversed senses. The movable body of
valve 98 is connected to an actuator 99 that is controlled
by the master relay control to position valve 98 in its
neutral position while control wheel 99 is in a position
corresponding to automatic operation and to move the
valve body in one direction or the other upon movement
of the wheel 90 to a position corresponding to opening -
or closing operation of the leg pipe valve.

An actuator 100 is provided for the cutoff valve 97 of
the other channel and this is controlled by master relay
control 91 in such fashion that the cutoff valve blocks
lines 95 while the hand wheel 99 is in the position calling
for opening operation or that calling for closing operation
of the leg pipe valve and valve 98 is appropriately posi-
tioned to accomplish that operation:. While the wheel 90
is in the position corresponding to automatic operation,
master relay control 81 operates actuator 180 to move .
valve 27 to unblock lines 95, and actuator 99 positions
valve 98 to block both-lines 94. i

Switch 88 is so actuated by hand wheel 90 that it is
closed while the wheel occupies the position correspond-
ing to automatic valve control and is open to disable the
leg pipe valve position-responsive pressure switch relay
control of bleeder valve 40 while hand wheel 98 is in
positions calling for either opening or closing of the leg
pipe valve.

- From the foregoing, the principles and modes of op-
eration that characterize the invention will be apparent,
and it is to be understood that many changes in the de-
tails of arrangement of the system and its elements herein
disclosed may be resorted to within the scope of the in-
vention as defined by the appended claims.

I claim: o

1.-Control means for a blast furnace wind distribution
system which system includes plural leg pipes for respec-
tively supplying blast air to different tuyeres and each
provided with a valve having a body that is adjustable in
position to vary an internal pressure condition of that:leg
pipe, an individual relay for adjusting the position of each
said valve body, individual means connected with each
said leg pipe for developing a leg pipe signal of magnitude
corrésponding to volume rate of air flow through that leg
pipe, means for developing a master signal and individual
regulator means for each said relay comprising a-device
for comparing magnitudes of the leg pipe signal of that
leg pipe and said master signal and adjusting the leg pipe
valvé body of that leg pipe upon departure of said signal
magnitudes from a preselected ratio to restore that ratio

.. by adjusting that valve body to vary said pressure con-

dition; said control means comprising a system for con-
trolling the magnitude of said master signal, and operat-
ing, while all of said leg pipe valves are more closed than
to a preselected limit degree, to vary said master signal in
the sense tending to operate said individual relays to ad-
just said valves toward more open conditions, operating
when any of said valves is opened to a preselected Hmit
condition of opening to vary said master signal in the
opposite sense, and operating to maintain ‘'said master
signal magnitude constant while all said valves are more
closed than said limit condition of opening and at least -
one of them is more open than said limit degree, said sys-
tem comprising means for varying the magnitude of said
master signal and including a control member that is
movable in opposite first and second directions respec-
tively to vary magnitude of said master signal in the
senses respectively tending to open and close said valves
by operation of said individual relays, plural signal de-
vices respectively connected with the different said valve

- bodies and operable by movements of the latter to vary;
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i magmtudes of: valve -position’ 51gnals that they respec-
tively develop in_correspondence to movements of said-

valve bodies, afirst relay control’ device connected with

alt’ of 'said signal devices and-operating, in response to .

magnitudes of the signals that they ‘develop: while ' more

closed: than said preselected limit degree; to ‘move-said .

member-in said first direction and to terminate that move-
ment when magnitude of -any said valve:-body position
signal corresponds to said limit degree, and a-second Te-
lay control' dévice connected with all-of said signal ‘de-
vices and operating, in response to-magnitude of any of
“said valve-body posmon signals, corresponding ‘to said
- limit”condition of opening, to move said- control member
in the second said" direction.

2. Control -means accordmg to -claim 1 mcludmg an
electric motor operable in opposite directions respectively
to move said control member in opposite directions, and
a pair -of circuits connected with said motor and- each

- effective while closed to run-it in a different direction, and
wherein said relay means includes a pair of solenoids,
two switches -opérated by a first of said-solenoids and one

of which is opened and the other closed in reversed senses

respéctively by energization and de—energrzaﬁon of said

10 -

15

first solenoid and one of which is connected in the one -

of said motor “circuits that moves said' control in the di-
rection that is effective to operate said leg pipe valve re-
14ys to open those valves, an energization circuit for the.
second said solenoid including the second said switch, a

third switch operated by’ the second of said solenoids and

connected- in-the second said motor circuit, an energiza-

tion_ circuit™for- said first- solenoid including a.“fourth:

switch, relay means responsive to the positions of all
said leg plpe ‘valves' and including an “output member
majntained in one position while ail said valves are. more

- .closed than said {imit degree-and in -another _position. 2
““"whilé any one of them is more open than'said degree, said -
- ‘oufplit member being connected-with said fourth- switch .
- for operatmg it by movement between ‘said positions to"
. -energize and de-energize said first ‘solenoid in a first sense

to maintain -said first switch closed ‘and said second switch

25

open while all-said valves are more open-than-said limit--:

degree and in‘a second sense to open said first switch and

s close said second switch while at least one leg pipe valve

"~ opening of any one of them:to said preselected’liniit conz:
“dition. to- terminaté’ adjustment of 'said : bleeder. - valve,

“-is.more open-than said limit degtee, a fifth switch.con--".

nected: in’ said second solenoid "énergization_ ¢ircuit:"in
‘series with said- second switch, and- relay means. respon-

sive-to tiie positions of all said leg pipe valves for:main-..

'tarmng said fifth- switch open while all of: the leg pipes
-are’more closed than a preselected limit open: condition

- more- open. than said limit degree and- to- close. and: open,

457
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flow, and- means  responsive. to. the : rates - of ! air-flow-

through -said ‘leg- pipes for automatically adjusting--said-
pilot. bleedér line. valve to. adjust magnitude. of said-
‘master Signal in response to departure of said ﬂow rates

- {rom a preselected normal’ operatmg Tange: :
4. Control means accordmg to claim 3, wherem each S

of,,sald,ﬁow rate ‘measuring’ and signal devrces,compnses

structare providing a flow-restrictive orifice 'in -the path- -

of the flow of which it measures the volume -flow rate; a:
pair of signal pressure pipes -communicating respectively:

~with' regions of different pressures, -and means:connected
with said pipes and arrangud to-oppose-forces: of magili'-;; B

tudés proportronal to those pressures to- develop sard sx
nal as a resultant ‘of 'said forces: -

5. A system for maintaiiing selected ratlos of- volum -
- rates of flow of blast air tokmuluple, tuyerés of :a blast: -
furnace through plural leg:pipes individually supplying:. -

the different tuyeres from a common blast main and-each* -~
of which leg- pipes has a valve that is adjustable to vary- =

rate of air flow through it and"a relay arranged:for
adjusting that valve to more open and closed conditions.
respectively in response to decrease and increase in. that
flow rate; said system comprising a-‘bleeder line-in-com- -

_rnumcatron with said:blast main for. discharging a pllot

flow of air, means for measuring the volume flow ‘rate:
of said pilot flow, developirig-a master signal of magni-
tude proportional to . that rate and applylng ‘said signal

to all of said leg prpe valve-controlling: relays. in asense .
"to- adjust said.- leg pipe .valves toward more open.and:
30

closed conditions respectively in response to:pre-selected:

ooposxte senses of variation of said pilot flow.and:master: -
. signal, a bleeder valve in said -bleeder-line that.is ad+

justable ‘to vary said pilot flow: volume-rateand~said:
master signal . and. relay. mechanism - for ad]ustmg said:

_bleeder valve including first means responsive to the- po--~

sitions of 2ll said leg- pipe . valves and "thatis, effectrve

senses to adjust™all of the leg pipe valves toward more:

-open conditions, second means responsive: to.the: positions’.

of all of said leg pipe valves. and that is-effective’ upon.

and third ‘means responsrve -to_thé -positions ‘of -all-said-: -

“leg plpe valves and that.is effective’ only . while one of*

50

said ‘fifth switch’ respectlvely when - any-leg plpe Valve is.

opened to or closed from said limit condition-

3.:Control means for a blast furnace wind: dxstrlbu—'

tion system’ which system: mcludes plural leg:pipss for

Tespectively supplymg different tuyeres and each con-

_ ‘themis in" a. preselected second: limit condition that'is:
- mote. pearly open than the first said limit: condifion to

ad]ust said bleeder valve and:pilot:flow in senses to. eﬁect
closing adjustment of all said leg pipe valves: i
6. A system for mamtammg selected ratios -of volume

‘tate of flow of blast-air‘to multrple tuyeres of:a - blast -

_ furnace - through plural- leg pipes md1v1dually supplymg -

55

‘nécted  with a-common soutce of - blast supply. and pro- -
= vided with a valve. that is’ adjustable to:vary the rate. of o
~" fiow-through that leg pipe, and an mdrv1dual telay for-

" - adjusting each:said ‘valve; said control means: compnsmgj
60

ap individual- device for ‘meéasuring the rate’ of air. flow
“through éach: of- the" chfferent leg pmes ‘and developmv
‘a’ signal: having 'a magmmde that - is proportronal to

volunie tate of that flow, a’pilot bleeder line: for dis-
‘a.device for :

65

charging a ~pilot: fiow from “said ‘scurce

: measuring the volec rate-of said pilot ﬂow and develons

“ing-a master swn’z‘ having a magmfude that
tienal . to i, individual regulator means. for:

the lzg pipe

—:""Cluv with rhat of  said master -signal - and auanﬂed to
_ opetate the vaive of ‘that leg ‘pipe ‘to- maintain a prese-’

- lecte ‘proportional ‘relation -between the volume rate of

gach said
relay . incle dmg a- device -for. comparing maomfude ofvi:',
goal of the leg: pipe controlled by that. =~
70"

 therethrough’ and 3he magnitude - of* the- master-
- sxgnal -avalve -connected i said pilot bleeder line and-
~-that s adjust able to vary the - volume rate of sard pllot 7

‘justing that valve to. more: Gpen-and - closed -¢ondition
-flow rate; said.system compnsmg 4 bleéder: line: in-com-
-said -pilot flow, ‘developing a. master signal proportio

+to that'rate’ and applying said sxgnal 1o all-of-said leg.
- pipe ‘valve- controllmg relays: m a’-sense--to-adjust -said

- the- tuyeres “ from a ‘cominon blast. main-and each Jof:
“which leg pipes: has, a valve that is adjustable .to_ vary::

rate of air. flow through it and @ relayafranged- for :ad
respectively in response io. decrease and: incréase in: that

‘munication - with-said’ blast-main for discharging.a pilot:
flow of .air; means for measurmgrthe volume flow rate-of >

leg pipe valves ‘toward-more cpen -and- closed condmon
respectively ‘in Tesponse .ic preselected opp051te senses of:::

_,vanatron of 'said -pilot: floy W and. Inaster: signal,-a-bleeder.
“ valve in said bleeder line that-is: -adjustable to vary said:

pilotflow volume rate. and said master signal, ai electric:

motor. operatively: connectcd with ‘said: bleeder valve:,mr_ T

ad}ustmg it: toward .more-open and more closed positions -
respectrvely by running-in ‘opposite: directions. and:a pai
of motorcircuits- ‘respectively closable for: operatinig. the::

‘motor in opposite. directions’ and :maintaining-said-nioto
stopped whrle bs th are open, a: first: motor—ccntrol rela

- oaly “while. all“ of them are :more nearly. closed thana.:- -
partly. closed condition preselected as an operatmg range”
limit, - to ‘adjust the bleeder valve and the pilotflow in.~ ~

e
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having motive means having a movable output member
and actuable in response to all said leg pipe valves to
move that member to a first position when all said leg
pipe valves are closed to positions corresponding to a
preselected degree and to a second position when one
of said leg pipe valves is open to that degree, a first motor

switch connected in the one of said motor circuits that

is closable to operate the motor in the direction to adjust
said leg pipe valve and vary said master signal in senses
to open said leg pipe valves, and said motor switch being
connected with said output member for being closed and
opened respectively as it is moved to its first and second
positions, and a relay switch connected with said output
member and that is opened and closed respectively as
said output member is moved to its first and second po-
sitions, a second relay having a solencid and a second
motor switch that is connected in the second said motor
circuit and that is closed and opened respectively in re-
sponse to energization and deenergization of said sole-
noid, a third relay having motive means provided with
a movable output element and responsive to the positions
of all of said leg pipe valves for maintaining szid ele-
ment in a first position while all of said leg pipe valves
are more closed than a preselected limit condition more
widely open than said preselected degree and to move
said element to a second position when any leg pipe valve
is opened to said limit condition, a second relay switch
operable by said output element and opened and closed
respectively in the first and second positions thereof,

and a circuit for energizing said solenoid and including 3

said first and second switches in series connection..

7. The system of claim 6, wherein each of said leg
pipe valve-adjusting relays includes a power vait having
an oufput member connected with the leg pipe valve
and oppositely movable to position it, and regulator
means responsive to said leg pipe volume rate and mas-
ter signal magnitudes and connected with said power unit
for operating it to position its said output unit according
to said magnitudes, and said system includes a manual

control for each said leg pipe valve relay, including -

auxiliary relay means for disabling said regulator means
from control of said power unit, auxiliary relay means
for actuating said power unit to adjust the leg pipe con-
nected with its output member in a selecied direction,
auxiliary relay means for disabling said relay circuit
and comprising a third relay switch that is series con-
nected therein, and a common manually operable control
that is movable between two positions wherein respec-
tively it renders all of said auxiliary means effective and
ineffective.

8. A system for maintaining selected ratios of volume
rates of flows of blast air to multiple tuyeres of a blast
furnace through plural leg pipes individually supplying
the different tuyeres from.a common blast main and each
of which leg pipes has a valve that is adjustable to vary
rate of air flow through it, a reversible relay power unit
connected with said valve for adjusting it, and a relay
regulator having a control element movable in opposite
directions and to various positions and arranged to op-
erate said power unit to adjust said valve to a position
corresponding to its own position; said system being
provided with individual relay regulator means for each
said leg pipe valve, comprising first and second differ-

10

45

50

60

ential pressure expansible chamber force balancing de- -

vices each having a movable output element connected

with said regulator control element and each arranged -

to exert thereon a force that is proportional to the magni-
tude of difference between two pressures, a flow rate
measuring device in each said leg pipe comprising struc-
ture providing a flow-restrictive orifice in said pipe and
means for exerting on the movable output element of
said first device a force proportional to the difference
between regions of different pressures developed by air
flow through that restriction, and in a sense to move said
control element to effect opening of said leg pipe valve,

65
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and said system also including a bleeder line in com-
munication with said main for discharging a pilot flow
of air, means for measuring the volume rate of said pilot
flow comprising structure providing a flow-restrictive
orifice in said bleeder line, means for exerting on the
output element of said second device of each said leg
pipe relay regulator a force that is proportional to dif-
ferential in pressures developed by said bleeder line flow-
restrictive orifice, and that is exerted on the regulator
control elements of the respective relay regulators in
senses to move them to effect opening and closing ad-
justment of all of the leg pipe valves respectively in re-
sponse to increase and decrease in the volume rate of
pilot flow, a bleeder valve in said bleeder line and ad-
justable to vary said pilot flow rate, and bleeder valve-
controlling relay means responsive to the positions of
all said leg pipe valve-controlling relays, and arranged
to respond to their positioning of all said leg pipe valves
in conditions more closed than a preselected condition
to continually adjust said bleeder valve in a direction to
increase said pilot flow, to respond to opening of any leg
pipe valve to said condition to terminate said bleeder
valve opening adjustment, and to respond to adjustment
of any leg pipe valve to a preselected degree more open
than said preselected condition to adjust said bleeder
valve toward closed condition only while the latter said
leg pipe valve is open to said preselected degree.

9. Control means for a blast furnace wind distribu-
tion system, said system comprising a blast supply main
and piping structure that provides plural paths of dis-
charge of blast air delivered through said main and in-
cluding plural leg pipes for respectively supplying blast
air to different tuyeres each provided with a valve that is
adjustable to vary volume rate of air flow therethrough,
and individual relays respectively operable to adjust the
different said valves; said control means comprising in-
dividual flow metering devices each responsive to the
volume rate of flow through a different one of said leg
pipes to develop a leg pipe signal of magnitude that is
proportional to that rate, an additional flow metering
device responsive to volume rate of air flow through a
selected one of said paths of discharge to develop a
master signal having a magnitude proportional tc volume
rate of air flow through that path, individual regulators
for controlling operation of the different said relays, in-
cluding means, responsive to both the magnitude of said
master signal and magnitude of the leg pipe signal de-
veloped from air flow through the leg pipe of which the
valve is adjusted by the relay controlled by that regulator,
to develop upon departure of the rate of the latter flow
from -a preselected proportional relation to said master
signal magnitude an error signal of sense corresponding
to sense of that departure, and each said relay being re-
sponsive to sense of error signal developed by its regu-
lator to adjust the leg pipe valve in a sense to restore
said proportional relation, and said control means also
including means responsive to the positions of said leg
pipe valves for varying the magnitude of said master
signal, operating, only while all of said valves are closed
to a degree greater than a preselected limit, continuousty
to vary said master signal in the sense to effect leg pipe
valve-opening operation of said relays; and operating,
only while one of said valves is opened to a preselected
limit “condition more -open than said limit degree, to
effect leg pipe valve-closing operation of said relays.
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