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[57] ABSTRACT 
The combination of a table for cutting steel plate and 

[in 3,850,086 
[451 Nov. 26, 1974 

an exhaust system for evacuating the fumes and smoke 
produced by the cutting operation. The expendable 
grating of the cutting table utilizes bars which are di 
agonal to the usual cutting directions and are con 
nected by staggered stiffening bars also diagonally lo 
cated so that the bars are not normally cut along their 
longitudinal axis. Duct work under the grating com 
prises heavy vertically extending removable plates 
resting on edge which additionally provide support for 
the grating and lead to an elongated exhaust manifold 
channel having a plurality of openings and a normally 
closed plate covering each of such openings.‘ The 
openings are disposed in a horizontal dividing plate 
and communicate with the space formed between 
each of the vertically extending plates making up the 
ductwork under the grating. The cover plates are 
hinged and raised from a horizontal position by a 
pneumatic cylinder actuated through a photoelectric 
cell which is responsive to light from plasma of the 
cutting torch. The photoelectric cell further actuates 
adjacent cover plates on either side of the cover plate 
which corresponds to the duct with which the photo 
electric cell involved is aligned. Each hinged cover 
plate has a deep lip soft sealed ring which seats on the 
peripheral surface of the dividing plate about the cor~ 
responding opening and the arrangement is such that 
the fumes must make a 90° turn prior to entering the 
opening which slings out heavy particles which then 
drop to the bottom of the exhaust chamber for easy 
removal. 

15 Claims, 7 Drawing Figures 
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EXHAUST VALVE FOR SELECTIVE REMOVAL OF 
SMOKE AND FUME LADEN AIR 

RELATED APPLICATIONS 

This is a divisional application of application Ser. No. 
88,876 ?led Nov. 12, 1970 now US. Pat. No. 
3,701,514. ~ 

BACKGROUND OF THE INVENTION 

The invention involves a cutting table with an ex 
pendable grating in combination with an exhaust sys 
tem wherein the exhaust action is largely localized to 
the area where fumes and smoke are produced by the 
cutting torch. . 

Heretofore, buildings at steel plants and the like 
which were utilized for cutting steel and alloy plate 
were heavily contaminated with smoke and fumes 
caused by the cutting operation. Due to the contamina 
tion, it was not unusual forvision to be so restricted 
within the building that one could not see from one side 
to the other. It was necessary for the operator of the 
torch to utilize special breathing apparatus and the job 
was a dirty and unpopular one. A substantial portion of 
the contaminates produced by the plasma torch re 
sulted not only from the plate being cut by the torch 
but also from the underlying structure which supported 
the plate and which, of necessity, was cut at least in its 
upper aspects at the same time. The problem of ex 
hausting a cutting table for steel plate is aggravated be 
cause it must be sufficiently clear above same to permit 
loading and unloading of steel plate by means of the 
gantry or boom arrangement. Cutting tables are of a 
necessity large, for example they may cover an area in 
excess of eighteen by thirty-six feet. To provide an 
overhead exhaust system for an area this size would re 
quire not only a very high capacity exhaust fan or other 
exhausting means but also hood and an exhaust duct 
work of-unusually large capacity. , 
The problems facing the inventors were manifold. 

The initial problem of effecting smoke removal from 
the cutting building was strongly related with the neces 
sity that the apparatus be economical to fabricate and 
maintain and that it be rugged for mill service. In addi- , 
tion, cleaning of the apparatus should be easily accom 
plished and its operation and maintenance suf?ciently 
simple so that it could be entrusted to unskilled individ 
uals. Solutions to these problems within the restrictive 
economic and structural parameters have been ob 
tained by the inventors through a systems design 
wherein each major component of a cutting table to; 
gether with the cooperating exhaust system has been 
substantially modified to produce an interrelated appa 
ratus functionally and structurally different from the 
known prior art. 

SUMMARY OF THE INVENTION 

In order to avoid exhausting the entire cutting table 
which was considered impractical, the inventors con 
sidered that the utilization of horizontal ducts under 
the cutting table with individual exhausting means 
would both localize the exhaust capacities to that of 
just a few ducts and permit the utilization of an exhaust 
system which is practical from both an economic and 
space standpoint. It was considered that if the support 
for the metal being cut was sufficiently thin, photoelec 
tric cells might be actuated by the plasma produced by 
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2 
the torch to control the exhaust flow. But this in itself 
posed a problem inasmuch as it was known from expe 
rience that the support grating’s vertical dimension had 
to be suf?cient so that it could be cut repeatedly and 
still retain the structural capability to support heavy 
loads. Still further, the grating needed to be sufficiently 
flexible to withstand ?attening by heavy loads without 
distortion by repeated heating and cutting. These re 
quirements in themselves seemed inconsistent with the 
design of a grating which would permit the plasma of 
a cutting torch to extend below it in all types of torch 
cutting operations. Still further, the openingsin the 
grating should be such as to provide support for small 
pieces of plate and scrap which may be left on the grat~ 
ing after completion of a cutting operation. Moreover, 
needless to say, the cost of the grating which is consid 
ered expendable could not be great. The inventors’ so 
lution was to locate the support bars diagonally at 45° 
whereby long cuts of the bars were statistically reduced 
when the usual rectangular type patterns are being cut 
in supported metal plates. Short stiffening bars are stag 
gered between the supporting bars so that the longer 
diagonal bars remain stable to the extent that they will 
not roll or twist under impact while at the same time 
the entire assembly is sufficiently ?exible for its pur 
poses. The grating could have a greatly reduced verti 
cal dimension for a given amount of use. Thus it was 
possible to provide photoelectric cells and associated 
circuitry for the actuation of exhaust from the ducts in 
volved. The ducts have been formed by utilizing the 
steel plate partitions which support grating to function 
as the sides of the ducts and the work piece itself forms 
the top of the ducts. By making these partitions remov 
able, cleaning becomes a simple task compared to con 
ventional designs. The resulting structure is rugged and 
in combination with the expendable grating, the heavy 
plate partitions should last almost indefinitely. An ex 
haust system which is selective to the duct space. 
wherein the actual burning and smoke production 
takes place is provided by a manifold located longitudi 
nally adjacent the burning table and includes therein a 
series of openings, one of which is for each duct. Such 
openings are located in a horizontal dividing plate 
within the manifold and a simple hinged horizontal 
plate or door with a deep lip soft sealing ring provides 
a self-cleaning effective sealing vent door for each 
ductv Also an arrangement is provided whereby heavy 
particles and objects are slung out of the path of the air 
and dropped to the bottom plate of the chamber for 
easy removal. The hinged door is virtually fool proof 
and is of a type which can be operated over an ex 
tended period without appreciable air leakage. The 
long lipped sealing ring eliminates the necessity of ma 
chining around the vent opening and alignment is 
therefore not critical. The arrangement also minimizes 
assembly time machining and thus contributes to eco 
nomical fabrication. Although the air sea] is not abso 
lutely airtight, it is sufficiently so for the function of the 
apparatus and does not require adjustment. 
The system has proved superior in operation. Fumes 

and smoke are effectively drawn away from under the 
- metal plate being cut by the plasma torch and escape 
into the atmosphere of the building is minimal. The 
contaminates produced are carried away to a separa 
tion means and there is little or no contamination of the 
atmosphere of the cutting building or outside caused by 
the cutting operation. The operator of the equipment 
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no longer needs breathing apparatus and the job is no 
longer an unpopular one. Thus the system in accor 
dance with the invention is relatively easy to operate, 
clean and maintain, and functions effectively. 
Other objects, adaptabilities and capabilities will ap 

pear as the description progresses, reference being had 
to the accompanying drawings, in which: 

I BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a plan view of the cutting table in accor 
dance with the invention with a grating (which is partly 
broken away to show underlying structure) in place; 
FIG. 2 is a cross sectional view taken on lines II-—II 

of FIG. 1; 
FIG. 3 is a cross sectional view of the exhaust mani 

fold which illustrates the operation of the hinged cover 
plates; ' 

FIG. 4 is a cross sectional view which shows the 
mounting for the photoelectric cell; 
FIG. 5 is a simpli?ed schematic wiring diagram of the 

circuitry for actuating selected closures in the exhaust 
manifold; 

FIG. 6 is a schematic diagram which shows the pneu 
matic system utilized to open and close the hinged 
cover plates; and . 

FIG. 7 is an elevational view showing the relationship 
of the exhaust manifold with the baghouse wherein 
contaminates are separated. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

Referring to FIGS. 1 and 2, it will be seen that a hori 
zontal base plate 10 has welded thereto at one end a 
side support 11 and at the other end an exhaust mani 
fold 12. A plurality of vertical steel strip members 14 
are affixed to the inner facing surface of side support 
11 and of the exhaust manifold 12 so as to de?ne facing 
vertical grooves 15. The metal dividing plates 16 are 
vertically disposed and have their ends received in 
grooves‘l5 so as to constitute vertical sides of duct 
means or channels'17. The bottom of each channel 17 
is formed by the base plate 10 which supports the plates 
16. The top of each channel 17 is formed by the work 
piece, metal plate 20 upon which the cutting operation 
is performed and which is supported by the grating 21. 
The grating 21 comprises four steel rectangular frames 
22, each of which has a plurality of steel bars 24 which 
are welded across frame 22 on the diagonal to form a 
45° angle with the sides of frame 22. The‘steel bars 24 
are connected by staggered stiffening bars 25 and the 
grating 21 rests on the tops of the metal plates 16 be 
tween the side support 11 and the exhaust manifold 12. 
The four frames 22 may be spot~welded together to 
form the assembled grating 21. However, in practice, 
this has not been found necessary. As assembled, the 
apparatus is relatively large. Thus, the base plate 10 is 
2 inches thick and presents dimensions in plan of about 
37 by 22 feet. The metal divider plates 16 rise about 18 
inches vertically and measure about 16 feet across hori 
zontally. The grating 21 is approximately 4 inches in 
depth. The exhaust manifold 12 is approximately 3 feet 
in width and somewhat over 4 feet high. 
The metal plate 20 upon which the cutting operation 

is to take place is preferably located with one edge ad 
jacent to the exhaust manifold 12 to form, with the 
metal divider plates 16 and the base plate 10, reason 
ably continuous channels 17. A plasma cutting torch 26 
is placed as desired on the metal plate 20 and it may be 

5 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
guided and caused to travel either manually or auto 
matically along a predetermined path by means well 
known in the art. The cutting plasma 27 projects below 
the grating 21. For each channel 17 a photoelectric cell 
30 is mounted on the back or outer surface of side sup 
port 11 so as to be responsive through’ an opening 73 
to radiation from the cutting flame 27. The photoelec 
tric cell 30 is shown in and described in more detail 
with reference to FIG. 4. Also, as will be described in 
more detail hereafter, the photoelectric cell 30 when 
receiving radiation from cutting ?ame 27 causes a 
valve means 31 to open in the manifold 12. Valve 
means 31 covers and thus controls an opening 32 in a 
horizontal dividing plate 34 which divides upper and 
lower chambers 35 and 36, respectively, of exhaust 
manifold 12. The upper chamber 35 extends the entire 
length of the exhaust manifold 12 whereas there is a 
separate lower chamber 36 communicating with each 
channel 17 through a port 37 into manifold 12. An ex 
tension 40 which is rigidly secured to the upper portion 
of the exhaust manifold12 pivotally carries an actuat 
ing means comprising a pneumatic cylinder 41 which 
includes a stem 42 connected to an arm 44 which in 
turn is rigidly connected to a hatch weldment 45 which 
has affixed thereto the covering plate 46 for opening 
32. A circular seal ring 47 is connected by bolts 33 to 
the covering plate 46 so as to provide a seal about the 
periphery of the opening 32. Ring 47 is a known type 
sold by the Banbury Equipment Corporation in con 
nection with vacuum pads and is described in US. Pat. 
No. 3,183,032 to Warfel of May 11, I965. A rear ac 
cess opening 50 into upper chamber 35 is covered by 
a rear cover plate 51 which includes an access cover 52 
and a bearing plate 54 disposed between the access 
cover 52 and the rear cover plate 51. The rear cover 
plate 51 includes an opening 55 and the access cover 
52 includes an opening 56 for stem 42. A further 
smaller opening 57 is provided in bearing plate 54 
which is just large enough to receive the cylindrical 
stem 42. The batch weldment 45 is hinged about a pin 
60 which is carried by bearing member 61 welded to 
the horizontal dividing plate 34. 

In FIG. 4, a typical photoelectric cell 30 is shown 
mounted on the side support 11. Cell 30 is enclosed 
within a closure 62 which is attached to mounting bars 
64 which in turn are secured to side support 11.‘ A 
mounting panel 65 is affixed to closure 62 and carries 
a bracket 66 which is secured thereto by bolts 67. The 
photoelectric cell receptacle 70 is mounted on bracket 
66 by means of a threaded nipple 71 which passes 
through an opening in bracket 66 and receives a nut 72. 
An opening 73 in side support 11 receives a nipple 74 
which extends outwardly and carries on its end a soft 
rubber hose member 75. Adjacent to the end of nipple 
74 and maintained in position by hose member 75 is a 
clear glass plate 76. A nipple 74 is aligned with each 
channel 17 so that light emanating therein from the 
cutting flame 27 is received via glass plate 76 by cell 
30. It will be understood that wiring details are not 
shown in FIG. 4 inasmuch as to do so would not assist 
in understanding the invention. In FIG. 5, however, a 
simpli?ed wiring diagram for one of the photoelectric 
'cells 30 is set forth. 

As shown in FIG. 5, each cell 30 controls, through a 
photo relay 77, three further relays 80, 80a and 80b 
which in turn energize three solenoids 81, 81a and 81b 
which, still further, actuate pneumatic valves 82, 82a 



3,850,086 
5 

and 82b which, in turn, cause valve means 31 aligned 
with the cell 30 involved and the adjacent valve means 
to open or close, Thus when cell 30 responds to light 
radiated by the cutting ?ame 27, the photo relay 77 
closes and further relays 80, 80a and 80b are also 
caused to close and energize solenoids 81, 81a, and 81b 
to move pneumatic valves 82, 82a and 82b whereby the 
valve means 31 aligned with the corresponding cell 30 
is caused to open and the valve means 31 on each side 
thereof are also caused to open. Each-of relays 80, 80a 
and 80b, and photo relay 77 are biased so as to be open 
when not energized due to light radiation received by 
cell 30. Also it should be understood that manually 
controlled overrides, not shown, are preferably pro— 
vided for the photo relays 77 for each cell 30. 
FIG. 6 is a schematic diagram of the pneumatic sys 

tem which is utilized to open and close the individual 
valve means 31. Thus air is supplied from an air pres 
sure source 83 through a stop valve 84, which is nor 
mally open when the system is operative, through a fil 
ter 85, a pressure regulator 86, and lubrication means 
87. A gauge 90 is connected to the regulator 86 to show 
the regulated air pressure in the system. The main 
pneumatic line 91 has a plurality of branches each lead 
ing to a pneumatic valve such as branch 93 leading to 
valve 82 controlled by solenoid 81. Pneumatic valve 82 
is spring biased by a spring 92 to the position shown in 
FIG. 6 whereby valve means 31 is closed. The cylinder 
41 thus receives air under pressure from branch 93 via 
pneumatic valve 82 and hose 94 which connects the 
pneumatic valve 82 with the upper portion of the cylin 
der 41. Air from the bottom portion of the cylinder 41 
under piston 95 is bled therefrom via ?rst hose 97, then 
?ow control valve 96 which has a built-in check valve, 
next line 98 and ?nally through the pneumatic valve 82 
to the atmosphere. However, when pneumatic valve 82 
is moved to the left (as seen in FIG. 6) by actuation of 
solenoid 81, branch 93 is aligned through pneumatic 
valve 82 with the line 98 whereby air under pressure 
flows through ?ow control valve 96 and hose 97 into 
the lower portion of cylinder 41 to cause piston 95 to 
gether with stem 42 to move to the left (as seen in FIG. 
6) and open the valve means 31. Air in the upper por 
tion of cylinder 41 is bled to the atmosphere via hose 
94 and pneumatic valve 82. It will be appreciated that 
in the apparatus disclosed there are 12 channels l7, 12 
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photoelectric cells 30, and twelve valve means 31 each ' 
with the associated electrical and pneumatic actuated 
circuits. And also it should be understood that whereas 
each photoelectric cell actuates not only its corre 
sponding valve means 31 but also the valve means 31 
adjacent thereto on either side, this does not apply to 
the valve means at the far ends where only the inboard 
adjacent valve means is actuated by the outboard pho 
toelectric cells 30. 
As may be seen in FIG. 7, a bag house 100 which in 

cludes air pervious bags and fan means, is located out 

55 

side the ?nishing building 101 and receives exhaust ‘ 
from the upper chamber 35 of the exhaust manifold 12 
through an exhaust duct 102 which extends through an 
opening in the wall of finishing building 101. Means for 
separating contaminents as may be utilized in bag 
house 100 are conventional and generally widely 
known in the ?eld to which the invention pertains. 
Therefore, a description of their exact nature and type 
is not necessary for an understanding and use of the in_ 
vention by a person skilled in the art. 

60 
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6 
In operation, a work piece comprising metal plate 20 

which is to be cut by a plasma arc torch 26 is placed on 
the grating 21 and a pattern is laid out for the plasma 
cutting torch 26 to follow. The cutting is then com 
menced and the cutting ?ame 27 which extends below 
grating 21 immediately causes cell 30 in the same chan 
nel 17 to open up the corresponding valve means 31 
and the valve means 31 on either side adjacent thereto. 
Smoke is initially generated or produced by the cutting 
torch 26 under plate 20 and it is immediately drawn 
through channel 17 and via port 37 into the lower 
chamber 36 of exhaust manifold 12. There it makes an 
abrupt 90° turn upward so that heavy air borne parti 
cles are ?ung to the bottom of the chamber 36 and the 
smoke travels through the opening 32 into the upper 
chamber 35 of exhaust manifold 12. Smoke is carried 
through such chamber 35 into the exhaust duct 102 
and ?nally into the bag house 100 by exhaust means 
such as exhaust fans which are included in the bag 
house 100. At this location, the contaminents are sepa 
rated from the exhaust gases and the air leaving the bag 
house is substantially uncontaminated. As the cutting 
torch 26 moves along its predetermined pattern 
whereby the cutting ?ame 27 travels from one channel 
17 to the adjacent channel 17 a different ‘photoelectric 
cell 30 is actuated so that at all times the channels 17 
being exhausted are only those in which the ?ame 27 
is received and those on either side of the channel re 
ceiving the cutting flame 27. This not only makes the 
cutting table more ef?cient inasmuch as there is no pe 
riod of time in which a cutting flame 27 is over a chan— 
nel not being exhausted, but also it precludes a build-up 
of smoke in the adjacent channel 17. As the cutting 
torch 26 moves along a metal plate 20 it also tends to 
cut the steel bars 24 although if the torch is properly 
set, it will not cut them entirely but rather tends to cut 
notches in them. As a practical matter, it is highly un 
likely that the torch 26 will travel parallel to the steel 
bars 24 for any substantial distance. 
When any given valve means 31 is no longer actuated 

in an open position by a cell 30, it closes, and due to 
the weight of the plate 46 and force exerted by air cyl 
inder 41 its disposition on the partition plate 34 with 
resilient lip members 47 is such that leakage of air 
through the opening 32 is minimal. 
Having thus described our invention, what we claim 

as new and desire to secure by Letters Patent of the 
United States is: 

l. A valve arrangement adapted for use with the ex 
haust system of a burning table for cutting metal plate 
by a cutting torch which comprises a chamber for re 
ceiving smoke from a burning table which includes a 
metal plate de?ning the top of said chamber, an open 
ing through said metal plate, a covering member for 
said opening disposed relative to the top of said plate 
for covering said opening, said covering member hav 
ing a periphery corresponding to the surface of said 
plate around said opening, said covering member in 
cluding a resilient lip sealing member surrounding said 
periphery, said resilient lip sealing member forming 
with said plate‘s upper surface surrounding said open 
ing a substantially air-tight seal due to the weight of 
said covering member for providing a ?ow communica 
tion of smoke from said chamber through said opening, 
means for raising and lowering said covering member 
connected thereto, a further chamber above said open 
ing receiving smoke through said opening, exhaust 



3,850,086 
7 

means exhausting said ‘smoke from said further cham 
ber, and sensor means adapted to respond to light ema 
nating from a burning table torch which produces 
smoke in the vicinity of said exhaust system operatively 
connected to said means for raising and lowering said 
covering member whereby said covering member is au 
tomatically raised to uncover said opening when said 
sensor means responds to light emanations and is auto 
matically lowered to cover said opening when said sen 
sor no longer receives light emanations. 

2. A valve arrangement in accordance with claim 1 
wherein said sensor means comprises a photoelectric 
cell. - 

3. A valve arrangement in accordance with claim 1 
wherein said cylinder is pneumatically operated. 

4. A valve arrangement in accordance with claim 1 
wherein said means for raising said covering member 
includes a fluid operated cylinder and a piston in said 
cylinder forming a connection with said covering mem 
her. 

5. A ‘valve arrangement in accordance with claim 4 
wherein said sensor means comprises a photoelectric 
cell, a circuit comprising said connection to said means 
for raising said covering member for actuating said pisé 
ton and thereby raising said covering member. 

6. A valve arrangement in accordance with claim 4 
wherein said cylinder is mounted on an outer portion 
of said further chamber, means for interconnection to 
said covering member from said piston extending into 
said further chamber through a further opening into 
said further chamber. 

7. A valve arrangement in accordance with claim 6 
wherein said further chamber includes a slidable mem 
ber and said interconnection means includes a piston 
rod extending through said further opening, said fur 
ther opening defined by said slidable member to closely 
surround said piston rod. 

8. A valve arrangement in accordance with claim 7 
wherein said plate is substantially horizontal and said 
chamber includes a vertically disposed wall, said slid 

' able member being included in said wall, and said cylin 
der being mounted on said wall. 

9. A valve arrangement in accordance with claim 8 
wherein an arm is rigidly connected to the upper por 
tion of said covering member and said piston rod con 
nects to said arm. 

10. A valve arrangement in accordance with claim 9 
wherein hinge means mounted on the upper portion of 
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said plate is hingedly connected to said covering mem 
ber. 

11. A valve arrangement for selective removal of 
smoke laden air produced by a flame, the valve being 
interposed between a con?ned space wherein said 
smoke may be generated and an exhaust system there 
for, said valve arrangement comprising a horizontally 
disposed metal plate, an opening de?ned by said plate, 
a covering member for said opening hingedly con 
nected to the top of said plate and disposed relative to 
said opening for covering same, said covering member 
having a periphery corresponding to the surface of said 
plate surrounding said opening, said covering member 
including a resilient lip sealing member adapted to 
form with said surface surrounding said opening a sub 
stantially air-tight seal, a chamber above said opening 
for receiving smoke through said opening, exhaust 
means for exhausting smoke from said chamber, a ?uid 
operated cylinder and piston system mounted on the 
outside of said chamber which includes a part extend 
ing into said chamber which connects to said covering 
member for raising same and providing flow communi 
cation from said con?ned spaces to said exhaust means 
through said chamber, and sensor means responsive to 
light emanating from said flame which causes the gen 
eration of smoke in said confined space operatively 
connected to said cylinder and piston system whereby 
said covering member is raised to uncover said opening 
when said sensor means responds to said generator of 
smoke and is lowered to cover said opening in the ab 
sence of said response. 

12. A valve arrangement in accordance with claim 11 
wherein said sensor means comprises a photoelectric 
cell. 

13. A valve arrangement in accordance with claim 11 
wherein said cylinder is mounted on the outside of said 
chamber and a piston rod from a piston received in said 
cylinder extends into said chamber and connects to 
said covering member, 

14. A valve arrangement in accordance with claim 13 
wherein said chamber includes a wall portion which is 
slidable, a further opening in said slidable wall portion, 
said piston rod closely received by said further opening. 

15. A valve arrangement in accordance with claim 14 
wherein said ?uid operated cylinder and piston system 
comprises a pneumatically operated system. 


