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ABSTRACT: A cooled and purged television camera and lens 
assembly is mounted on a powered operator adjacent an aper 
tured hazardous chamber. The powered operator is adapted to 
extend and retract the lens into and out of the aperture. Con 
trol means acts on the operator to cause automatic retraction 
of the lens upon loss of the cooling and purging media. Provi 
sions are made for limiting lens movement by the powered 
operator. 
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APPARATUS FOR TELEVISING THE INTERIOR OF 
HAZARDOUS CHAMBER 

BACKGROUND OF THE INVENTION 

This invention relates broadly to closed circuit television 
systems. More speci?cally, it relates to apparatus for televising 
the interior of hazardous chambers, viz., high-temperature 
furnaces, boilers and the like, such as are used in heavy indus 
tries. 
Closed circuit television systems are used in the steelmaking 

industry, for example, to televise the interior of billet reheat 
ing furnaces. In such installations, a mill operator uses remote 
ly controlled apparatus to continuously charge cold billets into 
the furnace, manipulate the billets along a furnace hearth, and 
discharge them when heated to their plastic state at about 
2250° F. It is therefore essential that the operator be informed 
of billet heat and alignment conditions at all times. Continu 
ous human observation of these conditions is not only imprac 
tical but actually hazardous because of the flow of high-tem 
perature gases, mill dust, etc., in and around the furnace. 
Hence, a closed circuit television system is provided for these 
observations. 

In such installations, prior art television apparatus generally 
consisted of a television camera and extension lens assembly 
which is secured directly to the furnace wall, frequently by 
means of a rigid support member, whereby the lens is ?xedly 
positioned in a viewing aperture or port. The camera and lens 
are provided with cooling and purging means, since the fur 
nace environment greatly exceeds the temperature and 
mechanical ratings of the electro-optical components. Of 
times a fluid-cooled viewing port is required which also serves 
as a base for mechanically coupling the camera and lens as 
sembly directly thereto. 
Under the foregoing conditions, signi?cant amounts of heat 

and vibrations are transmitted through the viewing port and 
supporting structures which may have adverse affects on the 
television camera and extension lens. Further, heat conduc~ 
tion from the furnace through the support member places an 
added burden on the cooling means. Moreover, maintenance, 
inspection and replacement times of the television camera and 
lens assembly are high because of complicated dismantling 
and assembling procedures involved in some of the support 
structures. More important, however, is the fact that when ex 
periencing a reduction, or loss, of the cooling and purging ef 
fects, irreparable damage occurs to the extension lens and 
generally the television camera as well. This may prove costly 
not only in terms of replacements but also in downtime of the 
billet reheating furnace and associated production facilities. 

SUMMARY OF THE INVENTION 

One of the objects of this invention is to provide improved 
apparatus for televising the interior of chambers having heat 
or particle hazardous operating conditions. 
Another object of this invention is to provide said apparatus 

with cooled or purged components whose total supply require 
ments are less than prior art devices. 

Still another object of this invention is to provide the cooled 
or purged apparatus with means for preventing component 
damage from operating hazards due to reduction, or loss, of 
the cooling or purging effects. 
A further object of this invention is to provide the aforesaid 

apparatus with facilities to minimize maintenance, inspection 
and replacement downtime. 
The foregoing objects can be attained by assembling a 

television camera and extension lens in protective housings 
and providing a cooler which utilizes compressed air for cool 
ing or purging these devices, by mounting the housed camera 
and lens assembly on a powered operator which is adapted to 
extend and retract the lens into and out of an aperture in the 
furnace wall, and by controlling movement of the operator 
with means which acts on the operator to retract the lens due 
to a reduction, or loss, in compressed air pressure. 
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DESCRIPTION OF THE DRAWING 

FIG. 1 is a partial side elevation view combined with a verti 
cal sectional view taken along the longitudinal centerline of 
one embodiment of the invention. 

FIG. 2 is a lateral cross-sectional view taken along line 2——2 
of FIG. 1. 

FIG. 3 is a block diagram of the control means associated 
with the FIG. 1 embodiment. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

In the drawing, the television apparatus of this invention is 
seen located outside of chamber 10 which, for illustrative pur 
poses, is a billet reheating furnace. An aperture 11 is located 
in chamber wall 12, or other suitable surface, to provide 
remote viewing of the interior chamber 10. Aperture 11 is 
large enough to permit free axial movement therein of an ex~ 
tension lens and housing (described below), yet small enough 
to minimize the amount of hot gases and dust particles that 
may escape to the atmosphere with the lens in place. 

Referring to FIGS. 1 and 2, the housed television camera 
and extension lens assembly, indicated generally at 13, and the 
cooling means, indicated generally at 14, are similar in con 
struction to that of Sharp et al. described in U.S. Pat. No. 
3,277,238. Assembly 13 comprises a television camera l5 con 
nected through cable l6 to a television monitor (not shown). 
and an extension lens l7 which is optically coupled to camera 
15. Lens 17 is positioned in aperture l l and includes an objec 
tive element l8 located at its tip which, for example, provides 
an angular field of view of about 90°. Under these conditions, 
the televised scene viewed by an observer will include a sub~ 
stantial portion of the interior of chamber 10. 
As can best be seen in FIG. 1, television camera 15 and ex 

tension lens 17 are enclosed in housings l9 and 20. respective 
ly. These housings are commercially available and are 
designed to protect devices 16, 17 against the environmental 
hazards of heat and dust normally found in and around 
chamber 10. Housing 19 includes support members 21 for 
mounting camera 15 relative to an optical axis which extends 
through camera 15 and lens 17. Housing 20 includes solid 
bushing 22 and perforated bushing 23 which support lens l7 
coaxially therein. 

Lens housing 20 is ?tted ‘with mounting ?ange 24 which 
enables extension lens 17 to be mechanically and optically 
coupled with television camera 15. Flange 24 is structurally 
integrated with camera housing 19 by rigid plate 25, the latter 
being held in position by studs 26. Plate 25 also serves as a 
barrier against hot gases and particles escaping from aperture 
1 1. 

Cooling means 14 comprises a source of compressed air 
(not shown) which is fed through conduit 27 at about 80-100 
p.s.i., an air ?lter 28, a pressure regulator 29 where the air 
pressure is reduced to about 30-60 p.s.i. and registered on 
gage 30, and cooler 31 which is mounted on camera housing 
19 and operated from compressed air fed from regulator 29. 
Cooler 31 consists of a simple, commercially available. 

Ranque tube device. Sharp et al. characterize the Ranque tube 
as a vortex tube type of cooling unit which, when supplied 
solely with air under pressure at a given temperature will 
operate to transform the inlet air into two outlet streams, one 
cooler and the other warmer than the inlet air. 
By way of example, a given size Ranque tube when supplied 

with about 30-40 cfm. of 130“ F. air at about 60 p.s.i. at inlet 
conduit 32, will transform about l2% of the inlet air to a 30° F. 
cool output flow through conduit 33 and the remainder to a 
l40-l45°F. warm output ?ow through conduit 34. Thus, with 
a relatively small volume and pressure input a temperature dif~ 
ferential of about l00° F. may be obtained. It should be noted. 
however, that this unit will operate at inlet air pressures as low 
as 30 p.s.i. but that only about an 80 ° F. temperature dif 
ferential will be obtained. 
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The ?ow of cool air through conduit 33 is directed into 
camera housing 19 and around television camera 15. Here the 
cool air picks up heat emitted by these sources and is then 
discharged through ori?ce 35 to the atmosphere. The amount 
of heat gained by the air is predetermined to maintain the 
electro-optical components in housing 19 within their normal 
temperature ratings. This is done by sizing ori?ce 35 in rela 
tion to the air pressure established by regulator 29 to affect a 
predetermined pressure drop across housing 19 and cooler 31, 
thereby establishing the temperature of cool air ?owing 
through conduit 33. The smaller ori?ce 35 is, the smaller the 
air pressure and temperature drop that occurs across cooler 
31. 

In some applications, cooler 31 may be adapted to perform 
only its basic cooling function and discharge the warm air 
?owing in conduit 34 directly to the atmosphere. However, in 
the present installation, cooler 31 not only supplies cool air to 
television camera 15 and housing 19, but also provides air for 
cooling and purging extension lens 17 and housing 20. This is 
accomplished by directing what would otherwise be wasted air 
from conduit 34 into ori?ce 36 and through passageway 37, 
the latter having a purging con?guration at the exposed end of 
lens 18. Spent air is discharged to either the atmosphere or the 
interior of chamber 10 through optical opening 38 in the end 
of lens housing 20. 

Heat from chamber 10 that may penetrate housing 20 while 
in aperture 11 is continuously absorbed in sufficient quantity 
by the air ?owing in passageway 37, thereby preventing heat 
damage to lens 17. Similarly, the air ?owing through the purg 
ing con?guration in passageway 37 prevents hot gases, dust 
and foreign matter from entering opening 38 and contacting 
or damaging lens element 18. The amount of cooling and 
purging that occurs is based on well known thermodynamic 
and ?uiddynamic principles, respectively. 

lt will be observed that housed television camera and lens 
assembly 13 is not mounted directly to aperture 11 or 
chamber wall 12 as in prior art installations. Instead, assembly 
13 is mounted on powered operator 39 which positions lens 17 
in aperture 11 and, together with control means 40, automati 
cally retracts the lens from aperture 17 upon a predetermined 
reduction in air pressure downstream of regulator 29. In addi 
tion, control means 40 includes controls for manually extend 
ing and retracting lens 17 into and out of aperture 11. 
The above noted mounting and control arrangement has 

several advantages. One, it prevents damage to the electro-op 
tical components in assembly 13 from operating hazards due 
to a reduction or loss in the cooling and purging air supply. 
Further, it minimizes heat and vibration transmission form 
chamber 10 to the electro-optical components in assembly 13 
because of the absence of a mounting member mass, thereby 
permitting reduced capacity of cooler 31 and vibration ab 
sorption means for camera 15, respectively. Moreover, it pro 
vides television camera 15 and extension lens 17 with facilities 
to minimize maintenance, inspection and replacement 
downtime. 
More speci?cally, powered operator 39 comprises support 

member 41 having a pair of parallel upturned ?anges 42, said 
?anges located at an angle with chamber 10 directly below 
aperture 11. A base plate 43 integral with one end of support 
41 is mounted on surface 44 which is preferably isolated from 
chamber 10. Two leveling bolts 45, one each located in a 
comer opposite base plate 43, are provided for aligning the 
optical axis of assembly 13 with the axis of aperture 11. 
Powered operator 39 includes a grooved carriage 46 

mounted movably along support ?anges 42. Carriage 46 in 
cludes a pair of lateral upright supports 47 which are con 
toured to cradle camera housing 19 and otherwise dimen 
sioned to position the aforesaid optical axis parallel to ?anges 
42 and centrally in aperture 11. Housing 19 is secured to car 
riage 46 by a pair of adjustable straps such as link chains 48. 
One end of each chain is slidably engaged with respective 
tightening lugs 49 at the opposite side of supports 47. This ar 
rangement facilitates ease of assembly and disassembly of 
camera and lens assembly .13 with respect to carriage 46. 
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4 
Powered operator 39 also includes means 50 for driving car 

riage 46 along support'?anges 42. Means 50 comprises an 
elongated threaded drive shaft 51 under carriage 46 which has 
one end supported rotatably in pillow block 52 and the end 
splined to speed reducer 53. Shaft 51 is threadably engaged 
with runner 54 which is attached to the underside of carriage 
46. A reversible electric motor 55 is coupled to speed reducer 
53 for rotating drive shaft 51 and powering carriage 46 in two 
directions. 
Movement of carriage 46, and therefore assembly 13, is 

governed by control means 40 which is shown diagrammati 
cally in FIG. 3. Control means 40 comprises an electric power 
source (not shown) fed over circuit 56 to reversing motor con 
troller 57, the latter being connected to motor 55. A mode 
selector 58, operating on controller 57, provides manual ex 
tend, manual retract and automatic operating modes for 
powered operator 39. 
A pressure switch 59 is used to detect the pressure or 

absence of suf?cient air pressure for cooling and/or purging 
purposes. For this reason, it is also piped downstream of pres 
sure below that established by regulator 29. These contacts 
are circulated with selector 58 to cause controller 57 to auto 
matically retract carriage 46 during automatic mode of opera» 
tion and to disable manual extend operation. Although not 
required for the preferred embodiment, pressure switch 59 
contacts may also be circuited to affect automatic extension of 
carriage 46 upon restoration of the air pressure to a predeten 
mined level. 

Control means 40 also includes limit switches 60, 61 which 
are mounted, for example, on a side of an upright ?ange 42 so 
as to be tripped by carriage 46 at its fully extended and fully 
retracted positions, respectively. Limit switches 60, 61 are 
wired with controller 57 to deenergize motor 55 at their 
respective carriage positions during all modes of operation. 

Operation of the preferred embodiments will now be 
described. 
Assume that compressed air is maintained at a predeter 

mined pressure by regulator 29 and continuously applied to 
cooler 31 in suf?cient quantity for cooling and purging pur 
poses. Further, that the cooling air in conduit 33 ?ows through 
housing 19 and out of ori?ce 35, and that air in conduit 34 
?ows through passageway 37 and out of opening 38. Further 
more, that carriage 46 is in the fully extended position, limit 
switch 60 is tripped, and pressure switch 59 has detected the 
presence of suf?cient air pressure for cooling and purging pur 
poses. 

Selector 58 normally maintains powered operator 39 in an 
automatic operating mode. Under the assumed conditions in 
this mode, operator 39 is deenergized and lens 17 is fully ex 
tended into aperture 11, thereby obtaining a full televised 
view of chamber 10 interior. However, when pressure switch 
59 detects the absence of suf?cient air pressure for cooling 
and purging purposes, powered operator 39 automatically 
moves assembly 13 to the fully retracted position. Thus, costly 
damage to television camera 15 and extension lens 17 is 
avoided. 
When all of the assumed conditions prevail, except that car 

riage 46 is fully retracted rather than extended and limit 
switch 61 is tripped instead of switch 60, selector 58 may be 
held momentarily in a manual extend operating mode. 
Powered operator 39 becomes energized and moves assembly 
13 toward chamber 10. Movement proceeds as long a selector 
58 is held, or until carriage 46 trips limit switch 60 at the fully 
extended position. Should pressure switch 59 detect a de? 
ciency in air pressure, powered operator 39 is disabled in the 
extend direction and automatically returned to the fully 
retracted position. 
When the originally assumed conditions prevail, selector 58 

may also be held momentarily in a manual retract operating 
mode. Powered operator 39 becomes energized and move 
away from chamber 10 until selector 58 is released, or until 
carriage 46 trips limit switch 61 in the fully retracted position. 
What I claim: 
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1. ln apparatus having a television camera and extension 

lens assembly for televising the interior of an apertured 
hazardous chamber, said apparatus including means for cool 
ing at least- one portion of said assembly, the improvement 
comprising: 

a. powered operating means mounted independent of said 
chamber for positioning the extension lens axially relative 
said aperture and for retracting the lens therefrom, and 

b. means responsive to a predetermined change in cooling 
or purging properties within said assembly for controlling 
the operation of means (a). 

2. The apparatus of claim 1 wherein means (a) is adapted 
for both extending and retracting the lens into and out of said 
aperture. ' 

3. The apparatus of claim 1 wherein means (b) is adapted to 
respond to a predetermined reduction in cooling or purging 
properties to effect lens retraction. 

4. The apparatus of claim 1 including: - 
c. means acted on by means (a) movement and connected 

to control means (b) for limiting axial movement of the 
extension lens. 

5. The apparatus of claim 1 wherein means (a) comprises: 
i. a support member mounted independent of said chamber 
and alignable with the chamber aperture, 

ii. a camera and a lens carriage mounted movably along the 
support member, and 

iii. means operative under control of means (b) for driving 
said carriage along the support member. 

6. ln apparatus for televising the interior of an apertured. 
hazardous chamber, the combination comprising: 
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a. a television camera and extension lens assembly, 
b. means for cooling or purging at least one portion of said 

assembly, 
0. powered operating means mounted independent of said 
chamber for positioning the extension lens axially relative 
said aperture and for retracting the lens therefrom, and 

d. means responsive to predetermined changes in cooling or 
purging properties within said assembly for controlling 
the operation of means (c). 

7. Apparatus for televising the heated interior of a chamber 
comprising: 

a. a television camera having an extension lens assembly at 
tached thereto, 

b. a housing surrounding said camera and said lens as 
sembly, 

c. means for circulating cooling air under pressure through 
the interior of said housing, 
an adjustable support for (a) and (b) in which (a) and (b) 
are supported independently of said chamber in a 
predetermined position relative to an opening in said 
chamber, and 

e. means associated with (d) responsive to a predetermined 
reduction in the pressure of cooling air circulating 
through said housing for retracting (a) and (b) from the 
predetermined position relative to the opening in said 
chamber 

8. The apparatus of claim 7 in which at least a portion of the 
cooling air is discharged from said housing over the face of 
said lens assembly. 

d. 
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