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(57] ABSTRACT

A conveyor belt or flat elongated material is pulled in
a predetermined direction at a predetermined. speed
across spaced-apart supporting rolls in a heat treating
furnace. Alternate ones of the supporting rolls are ro-
tatably driven to move the peripheral surfaces thereof
at a speed greater than the predetermined speed and in
a direction for imparting frictional forces to the belt or
flat elongated material acting in the predetermined di-
rection. The remainder of the rolls are rotatably driven
so that the peripheral surfaces thereof move in a man-
ner for imparting frictional forces to the belt or flat
elongated material acting opposite to the predeter-
mined direction. Altérnate addition and subtraction of
forces act on the belt or flat elongated material to pro-.
vide essentially uniform tension in the belt or flat elon-
gated material to obtain an essentially  uniform
catenary between rolls. The alternate addition and sub-
traction of forces maintains at a minimum the tension
required to pull the belt or flat elongated material
through the furnace. :

24 Claims, 7 Dréwing Figures

- o

I

T35 26 of ] ®
5 22 R

S g
6 '8 s 0

Lo f
‘e Y2 es



3,750,904

PATENTEDAUS 713

SHEET 1 OF 3

; “ee 3
801
Y . e DO 20 G 020 Bl | BE 2
0 [ i i T N g ey [ 2 & §
~ N NN NN < N N \V&\r \l. 82/ ¢¢. _ Nw _..H
U S NN N NN NN N NN N NN T A TR MV IR Ty b <
\ ~ N N N AN N N AN NN N AN NN N N N ~_ .ﬂl - .Lmﬂl -
N 1€l Sl @ 3
N . Hel
9 [N\Jiuo e L5 S8 N AN ol ! " w v
, Lo o b T =) o
\\@ _@u © MOU &) \.mo) ()] @ 9] © © © MUU o) _DDD.DDDODDRDDDDDDDDJPP | lw V.. m
R e e ey / 7 5 &
89 7 P00 86 98  pg 2’ 08 ,,/Nm_ o | ot | NNNN o€ ﬂm ®
N_ N N _ m: N
~ N
N R
/ N / /
/\ N AN NN N N N N // N .o_u
. /////////////”/////// /\Nx// // //// //// \\
{
a 3 A
v’ 8
901 ¢g
80 g¢
pin L AN\ %[ e o
- , N\ Cm\ \\\
\ T8 6L 20,60 £4, 1L ,mw . ok | ¢ ,\.m, s _m/ eI
26 4 8z ) 8 )y S g 99 0g N
- 95 v N
o8 e oz 89 [ 4o 09 25 o 7% mm_ N«h 9
\ bl / 96 2]~ J
h ~ < < B < < h el
3 s SN A NN AU A
a . 2 {
| ‘oI v 8



3,750,904

SHEET 2 OF 8

8
14

PATENTEDAS 70073

ATTORNEYS

LEE GAIL WISLER

BY

Meyen, Tilberry & Body




3.750,904

PATENTEDME 78813

SHEET 3 OF 3

‘sa7 il
‘sg100I

|

sg el ; o
L9l EY
E e¢ mm
be M
ovl -02 o
9 '9l4 % i
_ —9¢2 -
b2
-Ob
62k ey Sl Zz
..... { L’ 1 G
og :
ﬁm 1 = ¥A| .v o_h_
82l sil
il
LS | g, 52 o 2, gel
RN 220l 292 (gg /A
NISNINE ~ i s A 5
== 7 > 1 pute__—~
L L_}__ - — -+ =
i / .
| 181 |osl | 86 ! | e i :ﬂ%
| . f it
u::§ [ ] s 3
| !
RIS o
oy e I
i | ' | i . 1 W
= B U /[ T 7 _r. L
L Hfo e g
SO YIS 7T 7 o2 VA =+ :
SRINRIS 2 82 927 ¥2 \ :
,om //M R os 02 nmm ov

BY

ATTORNEYS

Meyen, Tlbeorry & LBody



'l
HEAT TREATING FURNACE
BACKGROUND OF THE INVENTION

This application pertains to the art of conveyor belt
transport systems and more particularly to a supporting
and driving arrangement for a flexible continuous con-
veyor belt. The invention is particularly applicable to
use in a high temperature heat treating furnace and will
be described with particular reference thereto aithough
it will be appreciated that the invention has broader ap-
plications and may be used for supporting and driving
other elongated flat articles and in particular ferrous
and non-ferrous flat strip metal.

Heat treating furnaces of a known type include a con-
tinuous flexible metal mesh conveyor belt for convey-
ing articles to be heat treated through the furnace. The
open mesh belt allows uniform heating of parts. The
belt is pulled across supporting means within the fur-
nace. One type of supporting means includes a skid on
which the conveyor belt simply slides. The frictional
retarding force acting between the skid and belt neces-
sitates a very high pulling force which results in signifi-
cant tension in the belt. When operating with a furnace
at extremely high temperatures, the tension in the belt
must be kept low to avoid rupture. It is possible to use
a very small furnace having a supporting means with a
very small area. With such an arrangement, the normal
force acting on the skid due to the weight of the belt
and parts thereon is kept to a minimum and the fric-
tional retarding force is also minimized. However, the
conveyor belt must then travel at an extremely slow
speed through the furnace in order to maintain the
parts at a desired temperature for a desired period of
time. This greatly reduces the capacity of the furnace.
Increasing the size of the furnace and the area of the
supporting means in order to speed up the belt and in-
crease production results in a frictional retarding force
which is too great. )

‘Other supporting means for such furnaces -have in-
cluded rotatably driven-rolls positioned in spaced-apart
rclationship and rotatable on axes transverse to the di-
rection of ‘belt movement. ‘As -a practical matter, it is
impossible to exactly synchronize the speed of such
supporting rolls with the speed of ‘the ‘belt. In addition,
slight variations in:diameter of adjacent rrolls causes a
variation in the peripheral surface speed of each roll.
If all of the supporting rolls are rotating with a surface
speed slightly less than the speed-of the ‘belt, movement
of the belt across the rolls is retarded and:an extremely
high friction force is producedso that permissable ‘belt
tension will 'be exceeded. If ‘the surface speed of ‘the
rolls is slightly.greater than the speed of the belt,an ex-
tremely large catenary ‘will be formed 'in the ‘belt be-
‘tween a.pair'of rolls, ‘Parts-carried-on‘the belt may pile
upin'such-a catenary or be deformed-due'to the:curva-
ture-of the belt dt'the catenary. Further, excessive ten-
sion ‘may, -depending ‘upon ‘equipment length, :be :pro-
duced 'in 'the ‘belt -at ‘the entering end of 'the iheating
zones.

‘SUMMARY ‘OF THE INVENTION

A heat ‘treating ‘furnace ‘has ‘a continuous ‘flexible
metal ‘mesh conveyor belt on‘which ;parts to ‘be ‘heat

treated are ‘carried ‘through ‘the furnace. The ‘belt is .

pulled in a predetermined direction ‘through the fur-
nace across supporting means. The supporting means
comprises-a plurality of spaced-apart rolls extending
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transversely to the direction of movement of the belt.
Alternate ones of the supporting rolls are rotatably
driven so that the peripheral surfaces thereof move at
a speed greater than the predetéermined speed of the
belt in a direction to impart frictional forces to the belt
in its predetermined direction of movement. The other
rolls are rotatably driven so that the peripheral surfaces
thereof move in a manner to impart frictional forces to
the belt in a direction opposite to its predetermined di-
rection of movement.

Rotatably driving the rolls in the manner described
provides an arrangement wherein the tension in the
belt is alternately increased and decreased as it travels
through the furnace. This prevents formation of exces-
sive catenaries in the belt and also minimizes the fric-
tipnal force imparted to.the belt as it travels across the
supporting means. ,

It is a principal object of the present invention to pro-
vide an improved transport system for a substantially
flat elongated article.

1t is also an object of the present invention to provide
such a transport system wherein resultant frictional
forces imparted to the article moving across a support-
ing means are minimized and. do not accumulate.

It is an additional object of the present invention to
provide a heat treating furnace with a transport system
for a movable conveyor belt.

It is another object of the present invention to pro-
vide a heat treating furnace with such a transport sys-
tem whereby resultant frictional retarding forces im-
parted to the conveyor belt are minimized.

It is another object of the present invention to pro-
vide an improved method for maintaining low tension
and minimizing formation of catenaries in a flexible
conveyor belt for a heat treating furnace.

It is also an object of the present invention to pro-
vide an improved method for transporting a substan-
tially flat elongated article across support means.

BRIEF DESCRIPTION OF THE DRAWING

Theinvention may take physical form in.certain parts
and arrangements of parts, .a preferred embodiment of
which will be described ‘in detail in this specification
and .illustrated in the accompanying drawing which
forms .a part hereof. ‘

FIG. 1is a side elevational .cross-sectional view.of a
furnace having the improvements.of the presentinven-
tion incorporated therein;

FIG. 2:is an enlarged, partial, side elevational .cross-
sectional view of .a portion of the furnace .of FIG. 1;

IFIG. 2A is an enlarged, partial, side-elevational cross-
sectional view of a.portion of:the furnace.of FIG. 1;

[FIG. 3iis.a.cross-sectional plan.view.lookingiinithe.di-

‘rection:of arrows 3-—3.of FIG. .2;

'FIG. 4.is-an-end-elevational view looking in:the direc-
tion of:arrows 4—4.of .FIG. 2;

'FIG. § is a side elevational view:looking.in:the direc-
tion:of .arrows.§—5§ of FIG..3; and

\FIG.76:is a:diagrammatic view:showing forces:applied
to a.conveyor:belt-with .the.improvements.of:the .pres-

‘ent:invention.

‘DESCRIPTION 'OF THE -PREFERRED
‘EMBODIMENT

‘Referring now to the drawings, wherein the showings
are for purposes of illustrating a: preferred.embodiment
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of the invention only and not for purposes of limiting
same, FIG. 1 shows a heat treating furnace A having a
charging vestibule section B, a preheat section C, a
main heat and soak section D, and a cooling section E.

Furnace A is of a known type and the various sec-
tions may be lined with refractor material in a known
manner. The heated sections of furnace A may be
heated by gas burners or by electric heaters in a known
manner. In addition, a protective gas atmosphere may
be circulated through furnace A. Narrow passageways
10, 12 and 14 may separate the various sections of fur-
nace A. Coolant fluid may be circulated through cool-
ing section E or through pipes located therein in a
known manner.

A continuous flexible metal mesh conveyor belt F ex-
tends through furnace A for conveying parts to be heat
treated therethrough. Sintered metal parts may be car-
ried by conveyor belt F, although it will be recognized
that the principles of the present invention may be used
for conveying any type of parts, or transfer of ferrous
or non-ferrous flat strip metal. The principles of the
present invention are especially well suited for a fur-
nace operating at an extremely high temperature. In
one arrangement, main heat and soak section D oper-
ates at 2,100° F and preheat section C operates at
1,600° F. At such temperatures, the amount of tension
which can be applied to belt F is very limited.

In one arrangement, a rotatably driven conveyor belt
drive drum 16 has its shaft 18 rotatably mounted in
bearings 20 secured to framework ‘G. The width of
drum 16 is at least as great as the width of conveyor
belt F. Belt F contacts the lower left periphery of drive
drum 16 over an arc somewhat greater than 90°. Belt
F then loops over a force applying idler drum 22 having
its shaft 24 rotatably mounted in bearings 26. Bearings
26 are carried on rods 28 pivotally connected with
framework G as by pivot pins 30. Force applying drum
22 is then free to fall downward into engagement with
belt drive drum 16. This provides a normal force be-
tween belt F and drum 16 so that the frictional force
will be sufficient to move belt F when drum 16 is ro-
tated. Drum 22 may be biased toward drive drum 16 by
suitable springs if so desired.

Belt F loops downward from force applying drum 22
around a slack takeup tensioning dancer drum 31. Ten-
sioning drum 31 has a shaft 32 rotatably mounted on
arms 33 which are pivotally connected to frame G by
pins 34 so that drum 31 simply hangs in the loop of belt
F. Tensioning drum 31 simply rolls within the loop as
the conveyor belt is driven. Tensioning drum 31 may
have a predetermined weight for taking up slack in belt
F and providing a desirable tension force in belt F.
Drum 31 may be hollow and filled with water to pro-
vide variable weight. Tensioning drum F is free to float
upward or downward for enlarging or decreasing the
size of the loop in belt F. Belt F then goes upward
around a driven drum 36 having its shaft 38 rotatably
mounted in bearings 40 secured to framework G. Belt
F then extends horizontally through furnace A. Drums
16, 22, 34 and 36 all have a longitudinal length which
is-at least as great as the width of belt F.

Belt F extends from driven drum 36 over a plurality
of rotatable idler roliers 42, Belt F then extends
through charging vestibule B. Parts to be heat treated
are deposited on belt F at the location of idler rollers
42 for passage through furnace A. Belt F may be sup-
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ported in passing through charging vestibule B on rolls
or on a skid.

Belt F is supported for movement through furnace
sections C and D on a plurality of spaced-apart rolls
50-84. Each roll 50-84 is rotatably mounted in bear-
ings 90 mounted on the sidewalls of furnace A. Each
roll has a longitudinal length at least equal to the width
of belt F. The roils are mounted for rotation on axes ex-
tending transversely to the direction of movement of
belt F. Belt F then extends through cooling section E
and may be supported for movement therethrough on
a conventional skid. Belt F emerges from cooling sec-
tion E and extends around idler drum 92. Belt F then
extends back beneath furnace A to drive drum 16. Belt
F may be supported on a skid or on rollers between
drive drum 16 and idler drum 94. Rotation of drive
drum 16 in a clockwise direction as viewed in FIG. 1
causes belt F to be pulled in the direction of arrow 96
through furnace A.

It is desirable that belt F be maintained under a pre-
determined minimum tension in order to prevent belt
F from sagging into pronounced catenaries between ad-
jacent rolls. Pronounced sagging of belt F between ad-
jacent rolls may cause parts being heat treated in fur-
nace A to have the belt curvature imparted thereto.
The frictional resistance retarding movement of belt F
across drums 22, 34 and 36, idler rollers- 42 and the
support in vestibule B, may be designed so that a pull-
ing force necessary to move belt F will produce a pre-
determined desired tension at the exit point from heat-
ing section D. A desirable minimum tension is easily
produced simply by adjusting the weight of tensioning
drum 31.

As previously explained, it is a practical impossibility
to drive rolls 50-84 so that the peripheral surfaces
thereof move at the same speed as belt F. Rotation of
rolls 50-84 so that the peripheral surfaces thereof
move stower than belt F results in an extremely large
friction force as the belt must be dragged across the
rolls. Movement of rolls 50-84 so that the peripheral
surfaces thereof move at a speed greater than the speed
of belt F will result in a large catenary forming between
a pair of adjacent rolls. Parts being carried on the belt
will then bunch up in this catenary or will be severely
warped. Further, excessive tension may be produced in
the belt at the entering end of heating chambers C or
D. .

In accordance with the present application, a motor
H has its output shaft 98 drivingly connected with
transmission 1. Output shaft 100 from trasnmission 1
has two sprockets 102 and 104 thereon. Sprocket 102
is drivingly connected with a sprocket 106 by chain
108. Sprocket 106 is secured on shaft 18 of conveyor
belt drive drum 16. Sprocket 104 from transmission I
is connected with srpocket 112 by chain 114. Sprocket
112 is secured to one end portion of jack shaft 116
which is rotatably mounted in bearings 118. The other
end of jack shaft 116 has a pair of sprockets 120 and
122 thereon. Sprocket 120 is of slightly smaller diame-
ter than sprocket 112, Each even numbered roll 50-84
has a sprocket 128 thereon, while each odd numbered
roll 51-83 has a sprocket 129 thereon. All of sprockets
128 are drivingly connected with sprocket 120 by chain
132. Each sprocket 129 is drivingly connected with
sprocket 122 by chain 131. Rolls 50-84 are rotatably
driven so that the peripheral surfaces thereof move in
the same direction as the predetermined direction of
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movement of belt F through furnace A. Sprocket 133,
mounted on shaft 18 of drive drum 16, is drivingly con-
nected with sprocket 134, mounted on shaft 38 of drum
36, by chain 135 so that drum 36 is driven in a clock-
wise direction as viewed in FIGS. 1 and 2.

Many metal mesh belts are not capable of use at tem-
peratures as-high as 2,100° F. At such temperatures, it
is necessary to use an extremely expensive belt having
a high nickel chromium content. Even with such a belt,
the maximum allowable tension therein must be re-
duced by dividing the allowable room temperature ten-
sion by a factor as high as 25. This severely limits the
amount of pull which can be placed on the belt. If rolls
50-84 are not rotatably driven, the frictional force of
the belt dragging thereacross may be insufficient to ro-
tate the rolls. This is particularly true if the bearings be-
come dirty or are poorly lubricated. If the rolls.do not
rotate, they will sag into a banana-like shape at the high
temperatures involved. In addition, if the rollers do not

rotate, the frictional force of the belt dragging across:

the non-rotating rolls will cause the maximum permissi-
ble tension in the belt to be exceeded.

In accordance with the present invention, frictional
retarding forces acting upon belt F as it is pulled
through furnace A are minimized in heated sections C
and D by rotating alternate ones of rolls 50-84 at dif-
ferent speeds. In accordance with one arrangement,
even number rolls 50-84 are rotated.in such a manner
that the peripheral surfaces thereof move at speed
slower than the speed of belt F. Thus, belt F is dragged
across slower nioving even numbered rolls 50-84 and
frictional forces are imparted to belt F acting opposite
to. its direction of movement. Odd numbered rolls
51-83 are driven in such a manner that the peripheral
surfaces thereof move at a speed greater than the speed
of belt F so that odd numbered rolls §1-83 slip relative
to belt F and impart frictional forces thereto acting in
its direction of movement. The peripheral surfaces of
all of rolls 50-84 move in the same direction as the pre-
determined direction of movement of belt F. One ex-
ample of the improved results achieved by this arrange-
ment may be given. Assuming that belt F weighs 4
pounds per square foot and the load of parts carried on
belt. F amounts to 10 pounds per square foot, the total
load on belt F will be 14 pounds per square foot. If belt
F is two feet wide, to total load will be 28 pounds per
linear foot. With rolls 50-84 spaced 9 -inches apart, the
total load per roll will be 21 pounds. With tensioning
drum 34 and the frictional resistance to movement of
belt F calculated so that the tension in belt F will be at
a minimum of around 100 pounds at the point where
it-exits from ‘main heating and soaking section D. Final
even numbered roll 84 is rotating in-'such a manner that
the peripheral surface therof is moving at .a slower

speed than the predetermined speed of belt F. There-

fore, as shown in FIG. 6, belt F is dragging across roll
84 .and a frictional retarding force 136 is acting.on belt
F opposite ‘to its direction of movement. If the coeffi-
cient of friction between belt F and each roll.is:0.6, fric-
tional force 136 is equal to the load per roll .of 21
pounds times 0.6, or 13 pounds. Therefore, the :total
tension in belt F immediately iupon exiting from main
‘heating section D .and passing over last roll 84 s 113
pounds. Next adjacent odd numbered roll 83 is rotating
in'such a manner that the peripheral surface thereof is
moving .at -a greater speed :than the speed of :belt F.
Therefore roll 83 imparts a frictional force 138 to belt
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F acting in the same direction as the predetermined di-

rection of movement of belt F. Force 138 will also be
13. pounds as previously calculated. This .reduces the
tension in belt F between rolls 83 and 84 to 100
pounds. Next adjacent even number roll 82 is rotating
in such a manner that.the peripheral surface thereof is
moving at a slower speed than the predetermined speed
of belt F. This imparts a frictional force 140 acting
upon belt F in a direction opposite to its predetermined
direction of movement. Therefore, the tension in belt
F between rolls 82 and 83 is 113 pounds. It will be evi-
dent that the calculations may go on throughout the en-
tire length of heating sections C and D, and the tension
in belt F alternates between 100 and 113 pounds when
proceeding between each adjacent pair of rolls. There-
fore, the tension in belt F is made substantially constant
throughout heating sections C-and D and is not sub-
stantially greater at the entrance end to heating section
C than it is at the exit end of heating section D. In the
preferred arrangement, the predetermined tension at
the entrance end is-always less than the predetermined
tension at the exit end. The described arrangement.also
maintains a desired minimum tension in belt F to pre-
vent formation of extreme catenaries in belt F.

It will be recognized that it is.possible to drive even

numbered rolls 50-84 in such a manner that the periph-
eral surfaces thereof move in a direction opposite to
the direction of movement of belt F. It is also possible
to replace even numbered rolls 50-84 with skids so that
belt F is dragged thereacross. In any event, even num-
bered rolls 50-84 define means for applying spaced-
apart frictional forces to belt F in'a direction opposite
to the direction of movement of belt F. Odd numbered
rolls 51-83 define means for applymg spaced-apart
friction forces to belt F acting in a direction which is
the same as the direction of movement of belt F. All of
rolls 50-84 act on belt F to alternately increase and de-
crease the predetermined tension therein so that belt F
is under a predetermined entrance tension adjacent the
entrance end of heating section C which is not substan-
tially greater than predetermined tension in bélt F adja-
cent the exit end of heating section D. In the most pre-
ferred arrangement, the tension in belt F adjacent the
entrance end of section D is always less than the ten-
sion therein adjacent the exit end of section D.

While the invention has been described with refer-
ence to a preferred embodiment, it is .obvious that
equivalent alterations and modifications will -occur to
those skilled in the art upon the reading and under-
standing -of this specification. The present application
includes all such equivalent alterations and modifica-
tions and is limited only by the scope .of the claims.

Having thus described my invention, I claim:

1. A transport system for a substantially flat elon-
gated article comprising support means for supporting
said article and including an entrance support.end and
an -exit support end, tensioning means for tensioning
said article to a predetermined tension force between
said entrance and -exit support ends, article moving
means for pulling said article:under said predetermined
tension force across said support . means in a predeter-
mined direction.from said entrance support end toward
said exit support end at a predetermined speed, said

;support ‘means-including a plurality -of spaced-apart

friction applying means engaging said article at spaced-
apart intervals in said predetermined.direction for ap-
plying spaced-apart friction forces to said article acting
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in said predetermined direction, each of said spaced-
apart friction forces being substantially less than said
predetermined tension force, and a plurality of spaced-
apart friction drag applying means engaging said article
at spaced-apart intervals in said predetermined direc-
tion intermediate said friction applying means for ap-
plying spaced-apart friction drag forces to said article
acting opposite to said predetermined direction, each
of said friction drag forces being substantially less than
said predetermined tension force and substantially
equal to each of said friction forces, said article being
under an exit tension force adjacent said exit support
end and under an entrance tension force adjacent said
entrance support end, said friction applying means and
said friction drag applying means being positioned so
that said entrance tension force and said exit tension
force do not differ by an amount greater than substan-
tially one of said friction forces or friction drag forces.

2. The device of claim 1 wherein said article com-
prises a continuous conveyor belt.

3. The device of claim 1 wherein said friction apply-
ing means and said friction drag applying means act on
said article to alternately increase and decrease said
predetermined tension therein from said exit-end to
said entrance end whereby said entrance tension force
is less than said exit tension force.

4. The device of claim 1 wherein said friction apply-
ing means comprises a plurality of spaced-apart rotat-
able rollers, said rollers being rotatable on axes extend-
ing transverse to said predetermined direction.

5. The device of claim 4 wherein each of said rollers
has a peripheral surface engaging said article, and
roller drive means for rotating said rollers to move said
peripheral surfaces thereof at a speed greater than said
predetermined speed in a direction to impart frictional
forces to said article acting in said predetermined di-
rection,

6. The device of claim § wherein said article com-
prises a continuous conveyor beit, said article moving

" means comprising a rotatably driven drum engaging
said belt, and a common power source for rotatably
driving said drum and said roller drive means.

7. The device of claim § wherein said friction drag
applying means comprises a plurality of spaced-apart
rotatable extending rollers, said drag rollers being ro-
tatable on axes depending transverse to said predeter-
mined direction intermediate said friction force apply-
ing rollers.

8. The device of claim 7 wherem each of said drag
rollers has a peripheral surface engaging said article,
and drag roller drive means for rotating said drag roll-
ers to move said peripheral surfaces thereof in a man-
ner for imparting friction forces to said article acting
opposite to said predetermined direction.

9. The device of claim 8 wherein said drag roller
drive means is for driving said drag rollers to move said
peripheral surfaces thereof at a speed less than said
predetermined speed and in the same direction as said
predetermined direction.

10. The device of claim 8 wherein said article com-
prises a continuous conveyor belt, said article moving
means comprising a rotatably driven drum engaging
said belt, and a common power source for rotatably
driving said drum and said roller drive means.

11. The device of claim 1 wherein said article com-
prises a flexible continuous conveyor belt and said arti-
cle moving means comprises a rotatably driven drum
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engaging said belt, said belt having a loop therein, and
a slack takeup tensioning drum engaging said belt at
said loop, said tensioning drum being movable for en-
larging or decreasing the size of said loop.

12. The device of claim 1 wherein said friction drag
applying means comprises a plurality of spaced-apart
rotatable drag rollers, said drag rollers being rotatable
on axes extending transverse to said predetermined di-
rection, each of said drag rollers having a peripheral
surface engaging said article, and drag roller drive
means for rotating said drag rollers to move said pe-
ripheral surfaces thereof in a manner for imparting fric-
tion forces to said article acting opposite to said prede-
termined direction.

13. The device of claim 12 wherein said drag roller

drive means is for driving said drag rollers to move said
peripheral surfaces thereof at a speed less than said
predetermined speed and in the same direction as said
predetermined direction.
-1 14. The device of claim 1 and further including a heat
treating furnace for heat treating parts, said support
means being positioned in said furnace and said article
comprising a flexible continuous conveyor belt for con-
veying parts through said furnace, said article moving
means comprising a conveyor belt drive means.

15. The -device of claim 14 wherein said conveyor
belt drive means comprises said tensioning means for
applying said predetermined tension force to said belt
adjacent said exit end while pulling said belt across said
support means, said friction applying means and said
friction drag applying means alternately increasing and
decreasing said predetermined tension force in said
belt from said exit end to said entrance end whereby
said entrance tension force in said belt adjacent said
entrance end is not substantially greater than said exit
tension force therein adjacent said exit end.

16. The device of claim 15 wherein said support
means includes a pluraltiy of spaced-apart friction ap-
plying rollers and said rollers define said friction apply-
ing means, said rollers being spaced-apart in said pre-
determined direction and being rotatable on axes ex-
tending transverse to said predetermined direction,
each of said rollers having a peripheral surface, friction
applying roller drive means for rotating said rollers to
move said peripheral surfaces thereof at a speed
greater than said predetermined speed in a direction to
impart friction forces to said belt acting in said prede-
termined direction, and said friction drag applying
means being positioned intermediate said friction ap-
plying rollers. :

17. The device of claim 16 wherein said support
means further includes a plurality of spaced-apart fric-
tion applying drag rollers and said drag rollers define
said friction drag applying means, said drag rollers
being spaced-apart in said predetermined direction and
being rotatable on axes extending transverse to said
predetermined direction, each of said drag rollers hav-
ing a peripheral surface engaging said belt intermediate
said friction applying rollers, and drag roller drive
means for rotating said drag rollers to move said pe-
ripheral surfaces thereof in a manner for imparting fric-
tional forces to said belt acting opposite to said prede-
termined direction.

18. The device of claim 17 wherein said drag roller
drive means is for driving said drag rollers to move said
peripheral surfaces thereof at a speed less than said
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predetermined speed and in the same direction as said
predetermined direction.

19. The device of claim 17 and including a common
power means for moving said belt and rotatably driving
said rollers.

20. A method of transporting a substantially flat elon-
gated article across support means for supporting said
article and having an entrance end and an exit end
comprising the steps of; placing predetermined tension
force in said article between said entarnce and exit
ends, pulling said article under said predetermined ten-
sion force across said support means in a predeter-
mined direction from said entrance end toward said
exit end at a predetermined speed, applying a plurality
of first friction forces to said article at spaced-apart in-
tervals acting in said predetermined direction, each of
said first friction forces having a magnitude substan-
tially less than said predetermined tension force, and
applying a plurality of friction drag forces to said article
at spaced-apart intervals intermediate said first friction
forces acting opposite to said predetermined direction,
each of said friction drag forces having a magnitude
substantially less than said predetermined tension force
and substantially equal to.each of said first friction
forces, whereby said article is under exit tension force
adjacent said exit end and under entrance tension
forces adjacent said entrance end, and said exit and en-
trance tesnion forces do not differ by an amount
greater than substantially one of said friction forces.

21. The method of claim 20 wherein said support
means includes a plurality of spaced-apart first rollers
having peripheral surfaces engaging said article and
said step of applying said first friction forces to said ar-
ticle is carried out by rotating said rollers to move said
peripheral surfaces thereof at a speed greater than said
predetermined speed in a direction to impart said first
friction forces to said article in said predetermined di-
rection.
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22. The method of claim 21 wherein said support
means includes a plurality of spaced-apart drag rollers
having peripheral surfaces engaging said article inter-
mediate said first rollers and said step of applying-said
friction drag forces to said article is carried out by ro-
tating said drag rollers in a manner to apply said fric-
tion drag forces to said article acting opposite to said
predetermined direction.

23. The method of claim 22 wherein said drag rollers
are driven to move said peripheral surfaces thereof at
a speed less than said predetermined speed and in a
common direction with said predetermined direction.

24. A method for maintaining low tension and mini-
mizing the magitude of catenaries in a flexible con-
veyor belt for a heat treating furnace having entrance
and exit ends wherein said belt travels in a predeter-
mined direction from said entrance end toward said
exit end at a predetermined speed over a plurality of
spaced-apart supporting rolls comprising the steps of};
placing predetermined tension force in said belt be-
tween said entrance and exit ends, pulling said belt
under said predetermined tension force through said
furnace at said predetermined speed, rotating alternate
ones of said rolls to move the peripheral surfaces
thereof -at ‘a speed greater than said predetermined
speed in a direction to impart friction forces to said belt
acting in said predetermined direction, and driving the
remainder of said rolls in a manner to impart drag fric-
tional forces to said belt acting opposite to said prede-
termined direction, each of said friction forces having
a magnitude substantially less than said predetermined
tension force, whereby said belt is under entrance ten-
sion force adjacent said entrance end and under exit
tension force adjacent said exit end, and said exit and
entrance tension forces do not differ by an amount

greater than one of said friction forces.
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