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My present invention relates to toothed flex 

ible band files and to novel methods of produc 
ing Such toothed flexible band files. The band 
files of the present invention are adapted to be 
made endless to run over pulleys or wheels in the 
manner of band saws and have hardened metal 
file teeth on the outer wide faces thereof, such 
teeth being rigid with and projecting directly 
from the underlying flexible portion of the band. 
These file bands, it should be understood, are of 
rigid hand files. 

Band files made in accordance with the pres 
the formedmetal variety similar to the teeth of 
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ent invention are relatively verythin so that they 
are adapted to be used in very narrow work 
openings, can be relatively inexpensively pro 
duced, and have long fexure and cutting life. 

Hitherto, such band files, as have been made 
aVailable commercially, have been made up of 
flexible springsteel bands carrying on their outer 
wide surfaces a series of rigid file sections, each 
of Which sections is similar to a section of a 
l'igid hand file and Which sections are laid end 
to end With each Section anchored to the band 
at only one point longitudinally thereof So as to º 
permlt independent flexing of the bands in one 
direction when running over wheels, or pulleys. 
hese prior art files have been difficult and ex 

pensive to produce and have otherWise been ob 
Jectionable pecause of their essentially high sales 

i price, the excessive over-all thickness of the file 
section-equipped bands making for difficuity for 

- working in narrow work openings, the essential 
breaks in the filing surface between adjacent 
rigid file sections and the extreme likelihood of 
foreign substances collecting between the flexible 
bands and rigid filing sections, resulting in mis 
alignment of the filing surfaces of adiacentrigld 
filing sections. Although large numbers of Such 
prior art file bands have been sold and used over 
a period of years, there has, nevertheless, existed 
throughout this time an urgent demand for a 
flexible band file of more practical nature and 
which Would be devoid of the above noted and 
other objectionable characteristics inherent in 
Such priorart file bands. 
Among the important objects of the presentin 

vention, therefor, is the provision of an improved 
file band that can be produced at relatively low 
cost, isso thin asto permit easy Working in very 

, narroW Work openings, has long fieXure and cut 
ting life, proVides a uniform unbroken filing sur 
face throughout the length of the band, and 
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other objections inherent in prior art filing bands 
of the type employing rigid file sections. 
To this end I provide two forms of flexible file 

bands in each of which highly hardened file teeth 
are rigidly carried directly by a flexible metal 
backing or supporting structure having a long 
flexure life. In one of these forms the band file 
teeth are formed directly in One Wide face of the 
flexible metal band which forms the flexible sup 
port for the teeth; but in the other form thereof, 
the band is a composite structure comprising an 
inner flexible metal supporting band having file 
teeth of different metal anchored fast to its Wide 
outer surface, 
The two forms of band files of the presentin 

vention, together With various objects and ad 
vantages thereof and novel methods of producing 
the same, Will hereinafter be more fully described 
and defined in connection With the accompanying 

- drawing Wherein like characters indicate like 
parts throughout the several views. 

FReferring to the draWing: 
Fig. 1 is a fragmentary perspective view show 

ing certain elements of the multiple ply or com 
posite band structure in separated relation; 

Fig. 2 is a View corresponding to Fig. 1 but 
showing the elements of the band file forming 
structure united; 

Fig. 3 is a fragmentary perspective view corre 
SpOnding to Fig. 2 but illustrating the Same after 
the file teeth have been formed in the outer layer 
orply of the band; 

Fig. 4 is a fragmentary prespective view of the 
Single layer form of band file and showing the 
Same during the tooth forming operation; 

Fig. 5 is a more or less diagrammatic view.il 
lustrating an apparatus for use in heat hardening 
the file teeth in a completed endless file band of 
either of the forms of Figs. 1 to 3, inclusive, or 
Fig. 4; 

Fig. 6 is a greatly enlarged fragmentary sec 
tional View in side elevation of a section of the 
completed file band of the type shown in Figs. 1 
to3, inclusive; 

Fig. 7 is a View corresponding to Fig. 6 but 
shoWing the form of band file shown in Fig. 4; 
and 

Fig. 8 is a fragmentary plan view showing how 
either form of file band would appear if provided 
With intersecting roWS offile teeth. 
The partially completed band, shown in Fig. 3, 

comprises a flexible supporting band structure 
10 having long fieXure life, such as spring steel 
alloy used in band saws and the like, and to 

which is generally devoid of the above noted and 55 the outer wide face of which are rigidly anchored 
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file teeth li Which extend obliquely from edge 
to edge of the band. In practice, however, and 
as Will hereinafter be made further apparent, the 
completed band, asshown in Fig. 8, Will be formed 
With intersecting rows of teeth lf. The teeth il 
are metallically bonded to the Wide outer Surface 
of the flexible supporting band 0 at 12 by suit 
able processes such as soldering, brazing, Weld 
ing or the like. 
The teeth li are preferably formed of alloy 

Steel capable of hardening to provide a long life 
Cutting edge and high Speed tool steel is con 
Sidered highly satisfactory for this purpose. 
The band file of Figs. 4 and 7 is a single layer 

structure in Which the file teeth i la are formed 
in the outside Wide portion of a fleXible steel 
band Oa. In this form of band file, the band 
is made up of steel alloy Which may be heat 
tempered to provide long life flexing character 
istics or to provide a high quality cutting Sur 

i face, and for this purpose high carbon steel 
alloy is considered satisfactory. Preferably, that 
portion of the band 10a of Fig. 7 lying belloW 
the teeth i la may be assumed to be heat tem 
pered to a Spring temper, Whereas the Outer cut 
ting edges of the teeth may be assumed to be 
tempered to provide a Very hard cutting Surface. 
The preferred method of forming the band of 

Figs. 1 to 3, and 6, Will next be described. The 
first step in the method of producing this mul 
tiple layer or composite file band structure com 
prises metallically bonding together or uniting 
theflexible supporting band 0 With a tooth form 
ing outer band A in Which the teeth li are sub 
Sequently to be formed. AS preViousy indicated, 
the supporting strip or band 0 Will be of steel 
or other alloy providing long fleXure life Such as 
high carbon springsteel, Whereas the tooth form 
ing outer ribbon-like band A Will be of steel al 
loy providing the highest possible degree of cut 
ting quality. Preferably, the uniting of the bands 
iù and AWill be by silver soldering Which can 
Very readily be accomplished by interposing be 
tWeen the bands O and A a verything sheet of 
silver solder i 2 and then heating the bands ?i 0 
and A under pressure to the temperature required 
to fuse the solder and permanently bond the tWo 
layers. In practice, this heating of the elements 

è and A under pressure can very readily be 
brought about by passing the superimposed lay 
ers 0 and A With their interposed strip of Solder 
between heated pressure rollers so that the bond 
ing is accomplished in a continuous operation. 
If Silver Solder or similar bonding agent having 
a similar loW fusing point is used, the bands or 
elements 0 and A Will not be heated to their 
Critical temperatures and no tempering Will re 
Sult during the bonding process. In this case the 
band i may be initially tempered to provide the 
desired flexing characteristics and the tooth 
forming layer Amay be in a completely annealed 
State desirable for tooth forming and the temper 
of neither thereof Will be affected as a result of 
the bonding operation. However, if brazing or 

. Welding is employed, to bond the layers I0 and 
A, sloW cooling and consequent annealing of 
the elementS Will be necessary in order to re 
store the tooth forming layer A. to a Working 
condition and the supporting band ito a proper 
fieXing condition. 
When the bOnding process has been completed, 

the united elements Will appear as in Fig. 2. 
The next step in forming the band file of Figs. 

1 to 3, inclusive, and 6, comprises forming in the 
annealed steel layer A the file teeth i 1, and this 
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is preferably accomplished by cutting or milling 
grooves obliquely across the layer Ato provide 
the teeth li. First the grooves Will be cut obli 
quely across the layer Ain one direction, asshown 
in Fig. 4, and then other tooth forming grooves 
Will be similarly cut obliquely across the layer 
A in the opposite direction so as to provide in 
tersecting rows of teeth, as shown in Fig. 8. It 
is desirable, however, that one, and preferably 
both, of tooth forming Sets of grooves be cut all 
or substantially all the Way through the layer 
A So that the bases of the teeth are substantially 
at the point of junction between the bands 10 
and A. Preferably also, the grooves, which form 
the teeth, Will be round bottomed so as to re 
duce the tendency to start cracks. The forming 
of the teeth di by milling Or cutting is greatly 
preferred over stamping or chisel cutting, since 
these latter processes tend to fracture the under 
lying metal Which Would greatly shorten thefdex 
ing life of the unit, Whereas cutting produces no 
fractures or other injuries. 
The next step in the process of forming the 

band of Figs. 1 to 3, inclusive, and 6, comprises 
hardening the teeth li and this is preferably 
accomplished by flame hardening Which consists 
in heating the teeth 1 by direct application of 
heat thereto and then rapidly cooling the band 
to prevent penetration of the heat into the under 
lying supporting band 10 to such an extent as to 
raise its temperature beyond the critical point 
and thereby affect itS temper. This hardening 
or tempering of the teeth is preferably accom 
plished by fiame hardening through the medium 
of an apparatus Such as exemplified in Fig. 5, 
Wherein a completed band file has its ends joined 
to provide an endleSS band and is run Over a 
pair of Wheels or pulleys 3 that are independ 
ently journaled on a supporting structure 4. 

40 The lower of these Wheels 3 runs in a tank i5 
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Wherein cooling Or quenching Wateris rnaintained 
to the level established by a drain pipe 6.. The 
Wheels 13 may be assumed to be driven at a 
predetermined speed and While they are turning 
a tempering flame y is applied to the teeth i 
as the teeth move there passed. Gas is fed to 
the flame y through a suitable pipe i 7 and nozzle 
8 and the fiame and Speed of travel of the band 

are controlled to provide the desired degree of 
heating of the teeth. 
For immediately cooling the teeth to thereby 

harden the Same and prevent further penetra 
tion of heat into the band, a stream of quench 
Water C is projected onto the toothed Surface 
of the band in close relation to the fiame g. 
Quench Water is supplied through a nozzle 
equipped pipe l9 and this Water runs into the 
tank and maintains a constant flow therethrough. 
Since the bottom of the lower wheel 3 runs in 
the quenching Water, this Wheel will be main 
tained in a cool condition so that it rapidly dis 
sipatesheat from the band under the action of 
the flame, and for this reason the flame is pref 
erably applied at a point Where the file band is 
in contact With the loWer Wheel. Of course, the 
Sharp ends of the teeth Will beconne much harder 
than the Wide base portions thereof during the 
brief heating period and after the band has 
passed through the quench, the ends of the 
teeth Will be very hard and the degree of hard 
ness Will rapidly fade off toward the base of the 
teeth until at the base the teeth may be Very lit 
tle, if any, above the normal annealed condition 
thereof. This Varying degree. of hardness is 
illustrated in Fig. 6 by dot shading. 
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The darkly shaded area at the tips of the teeth 

i indicates an extremely high degree of hard 
neSS, Whereas the lightly shaded areas at the 
bases of the teeth indicate a substantially un 
hardened condition. 
Two slightly different methods of producing 

the form of band file shown in Figs. 4 and 7 will 
now be described. The first step in either of 
these methods consists in forming in the single 
layer band Oa the 'teeth la, which teeth are 
preferably formed by cutting or milling grooves 
obliquely across the outer surface of the band 
0a to form long teeth la, as shown in Fig. 4, 

after Which a second set of grooves Will be cut 
obliquely across the Same Surface of the band Oa 
at the Opposite angle So as to form intersecting 
rOWS of file teeth just as in Fig. 8. The teeth 

a are cut in the band 10a while the band Ca, 
which is preferably of high, carbon steel alloy, 
is in an annealed State. In accordance With one 
of the two methods of producing the finished 
band of the type shown in Figs. 4 and 7, I flame 
harden the teeth While the band Oa is in an an 
nealed state and accomplish this just as pre 
viousy described in connection with the multiple 
layer band and through the use of the apparatus 
disclosed in Fig. 5. In doing this the tips of 
the teeth la are heated to a, high temperature 
and then rapidly quenched by the Water Stream 
or spray ac sothat the hardness fa des off toward 
the base of the teeth to the point Where the bases 
of the teeth la remain substantially in an an 
neaed State. 
The other, and perhaps preferred method of 

completing the band of Figs. 4 and 7, comprises 
i tempering the toothed band Oato a spring tem 
per which will provide the greatest possible de 
gree offlexure life, and then subsequently fiame 
hardening the teeth in the manner previously 
described and wherein the Water spray cools the 

i teeth before the heat has penetrated the sup 
porting underlying portion of the band Oa suf 
ficiently to materially affect its spring tempered 
condition. 

In connection With the form of band shown in 
Figs. 4 and 7, it is particularly important that 
the grooves that form the teeth be Well rounded 
at their basesso as to reduce to a maximum the 
tendency to start flexure cracks, and it is also im 
portant that the tooth tempering heat be 
quenched before the critical temperature is 
reached in this area, near the bases of the teeth. 

In the form of band shown in Figs. 1 to 3, in 
clusive, and 6, the outer layer A of the band, in 
Which the teeth are formed, comprises What may 
hereinafter be referred to as a strata capable 
of hardening to cutting temper or hardness, and 
the underlying layer 0 constitutes strata, adapt 
ed to be heat treated to provide high flexing 
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qualities. In the form of band shown particularly 
in Figs. 4 and 7, that portion of the band where 
in the teeth i la are cut, or at least the outer 
portion thereof, constitutes a strata, adapted to be 
tempered to cutting hardness, whereas that por 
tion of the band underlying the teeth constitutes 
a strata adapted to be tempered to give desired 
fieXing qualities, and this is true even When 
the entire band Oa, is compounded of the same 
alloy. 
Of course, if the finished band is to have long 

flexure life, there must be a reasonable degree of 
feXibility in the teeth themselves and for this 
reason the fading off of the hardness of the 
teeth from their tipS toward their basesis highly 
importanti, for When hardened as above de 
Scribed and indicated in Figs. 6 and 7, the bases 
of the teeth Will remain or Will be in a, relatively 
very flexible condition as compared to the tips 
of the teeth and, in fact, may have substantially 
the Same degree of feXibility as the underlying 
supporting strata orlayer of the band. 
What I claim is: 
1. A flexible file band of the character de 

scribed comprising: an elongated endless back 
i ing strip of thin flexible metal adapted to be 
trained over the pulleys of an endless band type 

i filing machine; a facing Strip of thin metal ca 

30 

85 

O 

45 

50 

55 

pable of being hardened; and means permanently 
securing the Strips fiatWise together; Said facing 
strip having tooth forming grooves cut in its 
outer Surface to a depth substantially equal to 
the thickness of the facing strip so that the teeth 
of the file bandare relatively independent and 
connected to one another primarily through Said 
securing means and the fleXible backing Strip, 
and said file teeth being hardened. 

2. A flexible file band of the character de 
scribed comprising: an elongated endless back 
ing strip of thin flexible material adapted to be 
trained over the pulleys of an endless band type 
filing machine; and hardened individual file teeth 
originally independent from the backing Strip, 
each permanently banded to one face of the 
backing strip With the teeth in closely Spaced re 
lationship to form an abrading surface on the 
band. 

3. A flexible file band of the character de 
scribed comprising: an elongated endless back 
ing strip of thin springsteel adapted to be trained 
over the pulleys of an endless band type filing 
machine; and a facing strip of relatively thin 
metal permanently bonded to the backing strip 
and having closely Spaced tooth forming grooves 
cut in its outer surface to a depth substantially 
equal to the thickness of the facing Strip so as 
to insure flexibility of the file band. 

LOYO CODDENGTON. 


