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: o 3,101,618 - -
- ROTARY KILN SHELL TEMPERATURE
. | SCANNING SYSTEM . |
Rickard ¥. Hance, Philadelphia, Pa., assignor to Leeds
tion of Pennsylvamia | N
| Filed Nov. 15, 1960, Ser. No. 69,488
| 5 Chaims, (CI. 73—351)

and. Northrup Company, Philadelphia, Pa., a corpora-

This invention relates to a temperature scanning system
for rotary kiln shells and has for an object the provision
of a system for detecting “hot spots” of a rotary kiln
- shell at temperatures below the visible range.

The temperature of the outer surface of a rotary kilnr

is important to operating personnel as ‘it provides infor-

- material ‘coating over the lining inside a typical cement
kiln. This material coating 1is several inches thick and

18 produced in the burning zone of a kiln during normal

operation. Depending upon kiln length, diameter, fuel
rate and type, type of feed and production capacity, the
burning zone may extend twenty-five to forty feet from
the firing end of a kiln. When preheated raw material

reaches the burning zone during transport through the

kiln, it is in'a plastic state and adheres to the refractory
lining. The coating serves to protect the underlying re-
fractories and kiln shell from the high temperature and
erosion in the burning zone and acts as a “runway” upon
which the clinker is transported through the kiln.: |

The coating is constantly being lost and reformeéd, de-

~ pending upon variations in feed rate; fuel rate, burning

~zone temperature, kiln speed and type of feed. When
sections' of the coating fall off and are not replaced,
serious damage to the refractory lining and kiln shell is
inevitable, unless the kiln operator is informed of 'this
condition and takes corrective “action quickly. Kiln
“coating and lining failure is predicted by the formation of
~ hot spots which appear on the outer surface of the shell,
" The lifetime of a lining is ordinarily from about three
~months to a year and it is a natural function in kiln
~ operation to try
. possible.

Heretqfore, temperatHIE-sensitive --Cra}?ons and contact
.45

pyrometers have been used for spot checks in suspected
‘troublesome areas, attempts have been made to employ
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In accordance with the present invention, there is pro-
vided a system suited for measuring the temperature of
the outside surface of a rotary kiln to provide an advance

‘warning of the formation of hot spots. In such system,
a radiant energy detector is rotatably supported to view

- the kiln. A reversible drive means is provided for rotat-
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. mation about the condition of the refractory lining and

~means in circuit with a drive means and

Ing the detector about a fixed axis cyclically to scan a
predetermined area of the kiln. The total area. of the
kiln to be scanned can be accomplished by rotation of
the radiant energy detector through an angle of about 90°
and such scanning is effected in small incremental steps.
To ‘accomplish this, there is provided control switch
operated during
each revolution of the kiln to rotate the detector through
a fraction of its scanning cycle. When the detector has

~been rotated through its complete - scanning cycle, its

direction of rotation is reversed SO as to move the detec-

~ tor in one continuous movement back to its -original
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30_' detector to record the temperature of the kiln and means

is provided for disconnecting the output of the detector
from the recorder during the reverse rotation of the

39
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to prolong th’e.l lining Tife as lo’ng-_-las B

radiation pyrometers; however, to date such systems have =

- been complicated and expensive. _
~ operators have relied upon visual inspection of both the

 inside and the exterior of a kiln to detect loss of coating.

Until now most kiln

o0

Such practice is inadequate due to. the poor visibility of -

o conditions in a kiln and the unavailability of an operator - -

 to continuously check the entire periphery of the burning

zone -for hot spots. By the time an operator notices a .

- visible hot spot on the kiln exterior (discoloring of the
shell appears at approximately 800°- F.) extensive re-

fractory damage has already occurred.
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Since a typical shutdown for rebricking a patch can B
cost a producer several thousands of dollars in lost pro-

duction due to down time, it is particularly desirable that
there be some means for detecting and warning of the

- 60

formation of hot spots. Such information allows an

operator to-take remedial action and prevent a shutdown.
The re _ t
tions. It may include repositioning the burner pipe,
slightly reducing fuel rate, increasing combustion air, or
changing kiln speed to change dimensions of the burning

zone to form more coating. The sconer the remedial

action is taken, the less extensive it has to be. A kiln

can be severely damaged within twenty minutes, but nor-
mally the rate of change of shell temperature is slow

 when a hot spot is developing.

edial action taken depends upon the Jocal condi-
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~ the radiant energy detector and
~ shown in FIG. 1; and |

‘bodying the present invention in

~with respect to the kiln 13

-starting position to repeat the scanning cycle. To ac-

complish this, there is provided a first limit switch means

-in circuit with the drive means and operated by arrival

of the detector at the end of the scanning cycle to reverse
the rotation of the reversible drive means and return the
detector to its starting position. A second limit switch

means at the starting position is in circuit with- the  first

limit switch means and the drive means to stop the
reverse rotation of the drive means preparatory to re-
peating the scanning cycle of the detector. A measuring
and recording means is connected to the output of the

detector. - Associated with the recorder is means for pre-
setting the - hot spot temperature. The system -also in-
cludes alarm means in circuit with an alarm switch and

~means operated by the recorder in response to the outpnt
ot the detector to close the alarm switch and operate the

alarm when- the temperature of the kiln shell reaches the
preset hot spot temperature. S =
For a more detailed description of -the- invention and
for further objects and advantages thereof, reference is
to be had to the following description, taken in conjunc-
tion with the accompanying drawings in which:
- FIG. 1 is a diagrammatic view of a system-embodying
the present invention; | o "
- FIG. 1A is a fractional view of the scanner comprising
drive means therefor
- FIG. 2 is a schematic wiring diagram of the system
shown in FIG. 1. = T
Referring to FIG. 1, there is shown a system 1¢ em-
| which a radiant energy
detector 11 is mounted on- a -reversible drive unit 12,
FIG. 1A, The radiant energy «detector 11, while it may

‘be of any suitable type, preferably is of the- type of radi-

ation . pyrometer disclosed .in U.S. Letters Patent No.

2,813,203, Machler and  Reissue; No.. 23,615, Fastie
equipped with a calcium fluoride window.

, _ It 1s positioned

to view the kiln shell.. The drive unit 12 is so mounted
_ i that the radiant energy detec-
tor 11 sights along the portion of the kiln shell which

1s desired to be scanned. The length of the kiln to be

scanned during a scanning cycle is indicated by the dotted
lines in FIG. 1. The total angle of scan during each cycle

“1s approximately 85° to 90°, The' drive unit 12 is posi-
- tioned with -respect to the kiln 13 so that the distance

- from the radiant energy detector 11 perpendicular to the
- kiln shell 13 is about one-half the linear length of the
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portion of the kiln to be scanned. Thus where it is de-
sired to scan x feet of kiln surface, the scanner (com-

- bination of the drive unit 12 and radiant energy detector



- travel.

o eulpse

_. .

11) is meunted enre—half X 1d15tance from the surface and |
- ona perpendleular from the center of the x distance sec-
. tion of the kiln 13. As a practical matter, the length of
. kiln section to be scanned by a single unit operated in
" mocordance with this invention should preferably  not

‘exceed about sixty feet in order to prewde an adequateg

| f._-target area at the limits of the scan.

~ . The drive unit 12 includes an ‘electric moter 14, FIG. |
o '-9"[';1A the «circuit connections to which are ICGH{IIE:Gth toa
_centrol circuit, to be «described in more detail in con-
- nection with' FIG. 2, associated with a control panel 16,
- FIG. 1.
 measuring and recording instrument 18 which is electri-
" cally connected to the output from the radiant detector 11.
- 'The instrument 18 may be of any suitable type such for
o _,-_.example as shown in .U.S. Letters Patent No. 1,935,732, -
- During each revolu- .
. tion of the rotary kﬂn 13 a limit switch 23 is actuated
- thereby to cause the drive unit motor 14 to drive forward .
rotating the radiant energy detector 11 in a ‘clockwise

“The control panel 16 also is prmaded with a

- Squibb .or No. 2,113,164, Williams.

direction as viewed in FiG. 1. For each actuation of

- switch 23 the radiant energy detector 11 rotates only -

~ through a ‘fraction or increment of a scanning cycle, for .-

 example about three and one-half degrees, during each

~revolution of the rotary klln 13 and thus it takes about

~ twenty-four revolutions of the rotary kiln' 13 for the

- radiant energy detector 12 to complete its scanning cycle" |

- of approximately 90° rotation. The three and one-half -
- degree steps of rotation result in a small overlap to unsure'.f |

-cemplete scanning of the selected kiln section.

- "When a hot spot is detected, an alarm 20 is soundcd i

o to provide an audrble signal to the operator of the forma=

“ tion of a hot spot on the rotary kiln shell and scanning is
L autcmattcally stepped so that the detector prlIltS to the -

. "':__".,]JOIt Sp()t .

. After the radiant energy detector 11 reaches the end of
L its scanmrrg cycle, the drive motor 14 of the drive unit

If no hot spot is detected a scan is cempleted

15
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~ ellipse ;Earthest away frem the radlant e:nergy detecter B '

20

30

-85

* 12 is automatically reversed drwmlg the radiant energy -
- detector 11 quickly, lcerltlmlously in a reverse direction

- until it agam reaches its starting. pesrticn {preparatory fo.
. repeating the scanning cycle. |
" the radiant energy detector 11 from the end of its cycle
“to the begmnmg of its cycle takes place in a relatively
short time, for example in the order of about twenty sec-
~onds.
the cycle is made in about twenty-four fractional steps

" "and ‘the normal speed | of rotation of the rotary kiln is

~ in the order of sixty to elghty Tp. h

The time for- ccmpletrng a scanning cycle, since

- K to twenty—ﬁve rnmutes

. As the radiant energy detector 11 is retated thrgwgh
,1ts full cycle of movement of approximately 90°,

This reverse movement of

«0

45

~a scan. -

10

- 11 decreases and approaches zero so that the net effeet of

this intensity approaches that of a- c1rcle sumlar tc the S
~ original target. | : o S

‘Reference will now be made to FIG 2 for a more .

'"detaxled description of- the eperatlcn of the system. In
- this view the parts are p051t1011ed at zero ready to begin e
In FIG, 2 there has been diagrammatically illus- =
trated an end view of the rotary kiln 13. The radiant -
energy detector 11 is positioned to scan the surface of

- the kiln in the manner described above. -
~ drive unit 12 has been indicated by broken line 2t as -
~ being mechameally connected to the radiant energy de-

The revers;tble o

~tector 11.. The rotary kiln 13 is fprovrded on its periphery =
with a shoe or cam 134 which is adapted to close a kiln ..
~ limit or cycle switch 23.  The length of the shoe 13¢ =
~is determined by the. speed of rotation of the kiln and =~
the diameter of the kiln. In general, the length of the

“shoe 13a is such that for each revolution of the kiln 13 -
the contacts of switch 23 will be closed for at least ene--_'
* ‘quarter second and less than about three-quarters sec- -
ond. Durmg the momentary . closure of the contacts of - e
the kﬂn limit switch 23, there is completed a circuit from
~ line L1 through a manual switch 24, through the normally -~
5 closed contacts. 25 of relay 26, through the nermally”_
“closed contacts 27 of relay 28, throuﬂh the contacts of -
kiln limit switch 23 and through the motor winding A~
of reversible motor 14 to the opposite side of the line =
-L2. This causes the motor 14 to drive forward moving
the radrant energy detecter 11 in a clockwise direction

frem its startmg OT -ZEro posmen as viewed in FIG. 1. '

As soon as the drive unit 12 starts to move, a drive unit
- limit switch 29 mounted inside the drive unit gear hous-
130 mounted on an idler gear -
of the drive unit, closes and maintains the circuit to the = -
winding A of motor 14 for forward rotatmn until the =~
cam 30 has made one =c0mplete revolution. -
‘noted that switch 29 is in parallel with switch 23.

ing and actuated by a ca

The
drive unit limit switch 29 then opens, deenergizing the

‘motor winding A and stopping rotation of the drive unit
~12. The above sequence permits the radiant energy de-
“tector 11 to be rotated 144 of ‘its total span or cycle ef-e_.-_'
Bach time the kiln 13 rotates, this action is =
repeated. until the drive unit 12 has traveled from zero to - -
100% of its tetal mevement to ccmplete the seannmfr._f. o

rotation.

- cycle.

1s about elghteen' L

_rphy..-.rcal shape of the target area on the kiln shell changes o

from an abnormal elhpse at either end of its travel to

- shown in FIG. 1.

of its travel'is. apprqumately the square root of twrce the

101e11t1y adversely

~affect the accuracy of the reading of the radiant energy
"~ detector 11 to prevent use of the type of scanning em- -
~ ployed. The target area increases as the square of its = -
- diameter, the diameter increases as a linear function of
 the distance from the kiln 13 to the radiant energy de-
. tectcr 11, and the mtensrty of radiant energy. decreases-’-"_-
a$ an imverse square of the distance from the target to
 the radiant energy detector 11. The effect of this change
. 1in physwal dlmenswn of. the target through one incréement
~ of the scanning cycle is also minimized because the actual

circle to an ellipse and is equal to the major axis of the
The mtensrty of radlatmn et the enld ef the

- distance that the radiant emergy detector 11 is at mid-
However, it has been found that change in tanget

- dimensions with distance: does not su 60
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. While the fOT&UGIH‘ﬂ scanning. cycle is . tahmg place,
the temperature of the kiln shell 13 is being detected by L
. the radiant energy detector 11 and recorded on a chart

31 by a marker or pen 32 of the measuring and record- =
‘the -

- ing instrument 18. The output from the radiant energy o
detector 11 is connected by way of conductors 33 and 34

. to the measurmg circuit 35 of recorder 18 havmg an
a circle when the wnit is perpendrcular to the kiln 13, as

| As the radiant energy detector 11 is
c _retated the distance from it to the tacget at erther end

" amplifier which in turn has its output cennected to the
-;-balancmg motor 36 of the instrument 18. The motor =
36 1s mechamcally connected  as indicated by broken
“line 37 to the pen or marker 32 to drive the latter relative
to the chart- 31 in accordance wrth the temperature of -
- the kiln 13." Thus the instrument 18 will continuously -
record the te,.nperature of the kiln shell during the com:
plete scannnrg cycle made by the radlant enengy detec-- L
tor il . SR

~ ‘When the drive unit 12 has meved the radlant enerimy R
: detecter 11 to the 100% end of the scanning cycle, the =
-'-_swrtch-eperatm member 4@ which is- mechanically con-
nected to the drive unit 12 as indicated by broken line =
41, will likewise have moved to the 100% position.

ThlS

- movement of member 48 causes the normally epen con-.
. facts of the- sprm:g—blased limit smtch 43 to close.
- 70

 temperature record is that of a band around the kiln, .
* the width of the band hemg equal to the target diameter. -

- The band ledth increases as the target changes from a

Srnce

the contacts of limit switch 44 are 3pr1ng-b1aseld closed

at all times except at zero position, there rs completed
- a circuit for energizing the coil of relay 28. This circuit

may be traced from line L1 through the manual switch -
24, through the normally closed contacts 25, through -

5 cenductor 45 anld now closed: swrtch 43 theace threugh-"_:'f_'-'.-_'__':_'

Itowill be



- 28, since there is an alternate or holding circuit..

L '_',cenductors 46 and 47 thmumh nor melly clesed smtch 44
‘ ~and the coil of relay 28 and conductor 48 to the other

~side of the line L2.  When the circuit is completed

o _fthmwgh the coil of relay 28, the contacts . thereof are
- moved in an upward direction as viewed in FIG. 2 caus- -

_' ing the nermally open contacts 49, 5¢ and 51 to close
. ‘while opening the normally closed contacts 27.  Closure
~of contacts 50 energize the motor winding B for reverse

' - rotation of drive motor 14. This circuit may be traced

from line L1 throuch swﬂuh 24, normally closed con-

" tacts 25, conductor 45, through the now closed contacts

- of switch 43 and contacts 50 of relay 28 and thence
thleuc,h winding B and conductor 53 to line 12. Upon

- 3 101 618

6

- nected to 11111e L2. When the coil of relay 26 is energized,
~ the nermally open contacts 67 thereof are closed, com-
- pleting a circuit from line L1 through the normally
- closed contacts of reset push button 69, the now closed
-contacts 67 of relay 26, the closed contacts 64a of the

~acknowledge ‘switch 64, the coil of a warning beil or

horn 29, the other end of which is connected to line 1.2,

thus providing an audible alarm or signal to warn the

- operator that a hot spot has been detected on the kiln

10

shell. When the coil of relay 26 is energized, its normal-

ly closed contacts 25 in circuit with the motor winding

A opens, thus removmg power from the motor 14 of the

 drive unit 12 and causing the radiant energy detector 11 -

-enengization of winding B, the motor 14 reverses the rota-

“tion of drive wnit 12 causing the smteh-reperatmg mem-

15

“ber 49 to reverse its direction of rotation, moving out

- of engagement with switch 43 and enablmg the contacts:

thereof to retur

- to open. position. While this breaks

 the circuit throm.gh switch 43, it does not break the cir-

cuit. 1hrough wmdmg B, nor through the coil of relay

- alternate cirouit for relay 28 may be traced from line

' L1 through switch 24, through contacts 25, conductor-
45 and conductor 55, through the’ now-closed contacts

of llﬂllt
“switch. 44, threumh the relay coil 28 and through con-

49, oonducte—r 47, the normally closed contacts

-,_dueter 48 to line L2. The circuit ‘for the motor wind-
_ing B likewise is completed from line L1, through switch

f.--.24 ‘contacts 25, conducters 45 and 55, contacts 49 and
~thence through conductor 46, ‘the’ now-closed contacts
- 50, threugh motor wmdmg B and eendueter 53 to line
| L2. - |
 The reverse motor wmdmg B contmues to be energlzed -
- until the. drive unit 12 has returned the radiant energy
- «detector 11 and the switch-operating element 4@ to the

* zero or the starting position for the next scanning cycle.

When the switch- -operating member 49 is in zero posi- S
. tiom, it opens the normally closed contacts of limijt switch

-associated with a dial 7¢.

20
Such

to remain pointing at the segment of the kiln 13 in which
the hot spot occurred. The position of the radiant en-
ergy detector 11 between its zero and 100% positions is
indicated by a pointer 78a driven by the drive unit 12 and

electrically operated position indicator 71. The posi-

- tion indicator 71 has been illustrated in FIG. 2 as a milli-

- ammeter which is connected across the line LI, L2 in

25

series with a measurmg slidewire 72, the resistance of
which is ad]usted in accordance with the position of the
drive unit 12 during the scanmnng cycle of detector 11.

An adjustable resistance 73 is pmVlded for calibration

- purposes.

The warnmg' talarm will contmue to sound until the

.- ':eckn@wledge switch 64 is moved to open its contacts 64a

30
 a warning lamp 76. Thi es t
. warning lamp 76 and provides a visible alarm.

- 44, breaking. the electrical circuit through the coil of

-relay 28, thus causing the contacts 49, 50 and 51 there-
. of to return to their normally open positions while re-

- - turning centacts 27 to the normally closed position, as

40

- shown in FIG. 2. Durmg ‘this reverse drive of the '

motor unit 22, it will be noted that the normally open
~contacts 51 are in closed position, thus shorting out the

., output signal from the radiant energy detector 11 and
S thereby providing a zero pen readmg on the scale of the

~ recorder 18. This serves as a point of reference for the
“start of the suceeedmg scanning cycle. With the vari-
ous cempenems of the system returned to the position

45

‘position.

and close its contacts 64h which are in series circuit with
This completes the circuit to the
'm.  Since
several hours may elapse before the hot spot has been
remedied, this permits a record of the condition of the
remainder of the kiln 13 to be obtained without the audi-
ble alarm continuously sounding. When contacts 64a

of the acknowledge switch are opened, it will be noticed

' that the coil of relay 26 is deenergized, thereby opening

contacts 67 and returning contacts 25 to normally closed
‘This enables the drive unit 12 and radiant
energy detector 11 to continue the scanning operation 111 |

the manner previously described.

To reset the system 1¢ and extmgmsh the Vlslble al&rm
76, the reset button 69 is pushed which causes the ack-
nowledge switch 64 to return to its initial position with

‘1ts contacts 64a closed. This opens the contacts 645 and

~extinguishes the visible alarm signal 76. Normal opera-

50

~illustrated in FIG. 2, the system 18 ready fer repeatmrg o

- the scanning cycle, | |
- When no rhet spots occur, the temperature of the kiln .
o -shell as ldetected by the radiant energy detector 11 is

reeerded in normal manner on the chart 31 of recorder
18,

~ been diagrammatically illustrated in FIG. 2 by means of
- a manually operable knob 58 which is adapted to adjust

55

‘When the scanning system is put into operation to .
- record the kiln shell temperature a predetermined high -

limit temperature is preset on the recerd r 18. This has ergy detector

60

an operator 59 for a switch 60 relative to the scale of =

- the recorder 18.
trated as being adapted for- engagement by a cam 61

. carried by the carriage for the marker or pen 32 of the
.recorder 18. Thus when the radiant energy detector il

~detects a hot spot on the kiln shell 13, the output milli-

volatge from the detector 11 to the amplitfier 35 of

the recorder 18 increases to a point. exceeding that cor-

-, responding to the settmg of the high limit switch 6§ in
. the recorder 18 causing the cam 61 and eperator 59 to

ciose the contacts of SWltCh 60. This energizes the coil

-+ .of relay 26 by completing a circuit from line L1, through

switch' 68, conductor 63, the elosed contacts 64a of a

- two-position acknowledge switch 64, conductor 63, the

"__6011 of Ielay 26 and eonlductor 66 rthe latter bemg COn-

The switch operator 59 has been ilus-
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tron of the system will then continue unless another hot
spot is detected at which time the alarm 26 will again
sound and the drive unit 12 will be stopped in the man-
ner previously described. |

In FIG. 2, it will be noted that there is illustrated a

- manually operated switch 79 in parallel with the kiln limit

switch 23 and the drive unit limit switch 29. The man-
ual switch 79 enables the radiant energy detector 11 to
be rotated to sight any desired portion of the kiln shell
13. The manual stop switch 24 enables the radiant en-
11 to sight cen‘unueusly on any desired
section of the kiln 13 by mevmg the switch 24 to open
posﬂ:mn For normal scanning eperatlen 1t is maintained
i closed position, as illustrated in FIG. 2. The knob
80 permits manual operation of the drrve unit 12

'FIG. 1A.

In general, the instrument panel 16 should be installed
at a location where it is protected from dirt and traffic
but readily observed. The drive unit 12 should not be

- exposed to high temperatures, preferably not in excess of

150° F. Where the atmesphene in the area of the radi-

~ant energy detector 11 is dusty, there is prefembly pro-

70
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vided a-flexible hose 81, FIG. 1, which is connected to
the detector heusmg and to a low-pressure air supply, for
example, in the order of three to five p.s.i.g. positive

- pressure,

- While a preferred embodiment of the 1nvent10n has
been described and illustrated, it is to be understood that

This position of the hot spot
may also be indicated on the panel 16 by means of an



-further mc}d:lﬁcatmns thereof may e - made w;[thout de- f
o j-_partlllg from the scope of the appended claims :

“Whiat is claimed is:

- 10 Ina system smted' for measurmg the temperatulre- -
| of a rotary kiln, a radiant -energy detectolr, means ro-

tatably supporting said detector to view the kiln, reversi-

~ble drive means, for rotating said detector &bout a fixed

- -axis cyclically. to scan a. predetermined area of the kiln,
R .control switch means in circuit with said drive means and -

. operated durlng each revolution of the 1{11n to rotate said
. detector through a fraction of its scanning cycle, first =
- limit-switch means in circuit with said drive means and
T operated upon arrival of said detectolr at the end of the

. - scanning cycle to reverse the rotation of said revemblﬂ .

15

~drive means and return said detector to its starting p051-

10

tion, and second. hmlt-swatch means at the starting posi- -

Lo otion in circuit with !sa,ld first 111r11t-SW1tch means and said
--!_'_'-drwe means to stop the reverse ‘rotation of said drive

© 0 omeans preparatnry to repeatlng the scannmg cycle of S&l‘d B
”‘:detectw ' | o

l_l

2. In a system acoolrdmg to claun 1 lncludmﬂ* second

~ control switch means in parallel circuit with said first-
e '-named contml smtch ‘means, and cam means “driven by
~° “said drive means to close said ‘second control switch
" ‘means during ‘each revolutmn af the kﬂn to mntml the
. energization of the drive means. | N
3. In a system according to claim 2 mcludmg are- -
corder connected to the output of sa1d detector to record:_ |
R the. temperature of the kiln, and means to disconnect the

~ output of the detector from sald f.rec:order durmg the re-

. verse dnve of said detector. -
4. In a system accordm g to cl:sum 3 Wherem sald re—-

25
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corder mcludes means tol preset the hlgh tempurature} Rl
limit of the kiln; alarm means-in circuit with a nt}rmally S
. open switch, and means operated by said recorder in re- -
- sponse to the output of said d=tector to clr.:-se smd nc}rmally_'-._)_ T
Gpen switch and operate said alarm T
- 5. In a rotary kiln shell temparature scannmg 1system,'_ B
L rJf the type including a radiant energy detector, measur-. .
. ing and’ recardmg means, and alarm means actuated when -~
- a hot 'spot is detected the improvement of means to pro-
“duce a scanning action between said detector and a por= .

1631]3

‘tion of the kiln shell comprising a reversible motor drive
~unit, a pair of limit switches for said drive unit. contml—._ S
ling actuation of said unit through an angle of about - -
ninety degrees, a control switch for -said drive unit op- =
erated by rotation -of the- kiln to. 1n1tlate ﬂperatﬂm of +
 said drive unit durmg each revolution of the kiln, & sec-
“ond control switch operated by said drive unit for pro-
“ducing an increment of rotation of said drive unit to
~ “cause rotation of the detector to view - an ad]acent area
of the kiln, one of said limit switches in said drive unit-
- producing a continuous reverse rotation. thereof until -
- stopped by said other Iumt smtch to restore the detector
to a starting position, and switch means ndlsconnectmg- S
-.the output of the radiant energy detector fmm the rmeas- S

urmg means du.rmg the contmuous reverse rotatmn
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