July 28, 1959 R. SIEBURG 2,896,511
) MACHINE FOR MAKING TENSILE SPECIMENS )
Filed July 27, 1956 | 4 Sheets-Sheet 1

o INVENTOR.
SROBLRT S/LELLRG .

" BY )
G Mg

ATTORNEY



July 28, 1959 R. SIEBURG 2,896,511
‘ MACHINE FOR MAKING TENSILE SPECIMENS ‘
Filed July 27, 1956 4 Sheets-Sheet 2

L\ INVENTOR.
L ROBERT SIELURG
BY

A TTORNEY



July 28, 1959 . 'R. SIEBURG 2,896,511

MACHINE FOR MAKING TENSILE SPECIMENS

Filed July 27, 1956 4 Sheets-Sheet 3

.36 4 s
22790 Hp9 e o 22 4 75 57

’

IERO00RONNAGOACHIION0D NS ll_ ZZé'/’;z?

# 7 ¥/ //;z%\%/ | = Z}E.fg,
,/}\\\\\ ¥ “Nvi e

I
al

==

g rr
/9 F_-4

%1

//ZZ 75 Y va

INH = I

il

-5
5%
- w57

F '{a\f
NN
\

INVENTOR.
/?ZL&LE%??’ ;EAéZ?Z&G%;

]ﬂ“’?w

AATTORNEY



July 28, 1959 " R, SIEBURG 2,896,511

) MACHINE FOR MAKING TENSII_.E SPECIMENS v
Filed July 27, 1956 4 Sheets—Sheet 4

Ve
“ 7z A

e
il / S M“\ |1-H;

' 7 e /”
SN TR T

Fig.- 5

e

Z7

‘7,%__._* ____/ml'
| Iﬂh ”Hhh,

INVENTOR.
ROBLER] S/ELURG

BY#‘&W

AT TORNE )



United States Patent O

2,896,511
Pa.tented July 28, 1959

~
1CC

1

2,896,511
MACHINE FOR MAKING TENSILE SPECIMENS
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13 Claims. (CL 90—13.2)

This invention relates to. machine tools, and more
particularly to an apparatus for the precision machining
of test specimens required for the physical testing of me-
tallic and ‘non-metallic materials within very close toler-
ances; including tensile, compressive, impact, and fatigue
tests.

Many specific precision. shapes and configurations are
required for the determination of temsile, compressive,
impact, fatigue, and other physical properties of a ma-
terial,

The actual physical properties of a material, such as
tensile strength (expressed as pounds per square inch),
and including such other properties as modulus of elas-
ticity, yield strength, and-elongation; are the basis for
the designing and engineéring of all bridges, aircraft,
formed parts, such as car fenders, plastic food bags, bal-
listic missiles, refrigerator, jet engines, and many other
products. '

The accuracy and reliability of the results of tests for
physical properties of sheet materials  is directly = de-
pendent on the accuracy and precision- of the machined
test specimens.
to produce accurate test specimens within ASTM
specifications. . )

To accurately determine the values for these physical
properties, precise universal standards of size and. shape
for the test specimens have been set up by such groups
as the American Society for Testing Materials, - the

American Society for Mechanical Engineers, and others. .

The same standard shape specimens are universally used
by the quality control, research, and development labora-
tories of the prime metal and plastic producers, as well
as the manufacturers and consumers to determine that
the physical properties are as specified. Precision testing
equipment costing many thousands of dollars and highly
trained ‘personnel are required.to test these specimens
and convert the results into specific physical preperties,
such as “pounds per square inch,” percentage elonga-
tion, and others.

In the standard procedure for ¢btaining such accu-
rately shaped specimens, a milling cuiter turning at rela-
tively slow speed is used to remove a heavy cut of metal
in omne continuous pass. A number of superimposed
specimens as well as “dummy” back up plates are re-
quired to prevent the specimens from deforming at the
edges, Moreover, the severity of cold working on:the
edge of such a specimenis dependent on the sharpness
of the-cutters, speed of feed, lubrication, etc.

To determine true test results, skilled personmel wsing
precision equipment are dependent on the precision of the
test specimen in regard to accuracy of dimension and
configuration, the microinch. surface finish of the ma-
chined edges, and the complete absence of deforma-
tion or cold working of the machined edges. Slight
variations. from the true contour of the specimen (toler-
ances of plus or minus .0005’"), extremely small amounts
of cold working or heat distortion of the machined edge,
or other small variations of the specimen greatly dis-
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tort the test results obtained, and yield incorrect re-
‘sults, :

In the standard procedure for milling test specimens
to shape, a cutter turning .at relatively slow speed re-
moves the entire amount of material in one heavy con-
tinuous cut. The heavy :cutting pressures- applied, te-
quires that the samples are securely held on the milling
machine bed and must be tightly clamped along with
dummy backop plates to prevent deformation of sam-
ples while machining.  The severity of deformation and

- cold working on the edges is dependent on the material
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Considerable skill and care is required -
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being machined, the sharpness of the cutters, the skill of
the machinist, proper lubrication, the precision of the
machine, and.many other variables. A considerable
amount of time -is required to file and hand finish the
samples to true dimension and configuration, and' to
attempt to remove all forms of cold working present on
the machined edges created during the milling oper-
ation.

In order to overcome the above difficulties, the pres-
ent machine operates. at a high speed of over 20,000
r.p.m., rapidly removing the mecessary amount of ma-
terial in a series of light .0005"-.025"" cuts, in such a
manner that the cold working of the machined edges is
reduced to an insignificant minimum while producing. an
extremely fine surface finish.

It is the object therefore of the present invention. to -
quickly and accurately machine test specimens to true
configuration within tolerances of plus or minus ,0005",
without deformation, heat distortion, or cold working of
the machined edges, and with complete elimination of
hand finishing of said machined edges, and yet the pre-
cision machining can be accomplished by unskilled per-
sonnel. -

The machining is accomplished by a serfes of light cuts
with a carbide cutting routing tool, rotating at a high
speed of 20,000 to 100,000 r.p.m. Individual machined
cuts or shavings from .00025 to ,050’’ in depth are ac-
curately controlled with a micrometer adjustment. The
specific depth of cut is dependent on thé machinability of
the material being machined. The rapid rémoval of very
fine metal or nonmetallic. shavings reduces the cutting
pressures to- a minimum, and the master template con-
taining the sample may conveniently be held by hand
without the necessity of clamping to the table top, and
with the individual passes requiring a force of only one

~ finger against the template to achieve proper cutting.
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This invention allows the  dimensions and configura-
tion of the specimens to be controlled and duplicated by
the same - precision master template within ~consistent

- tolerances of plus or minus .0005".

The samples are firmly held in the template until com-
pletely machined to the final specinmien dimensions, thus
eliminating any possible errors caused by reversing the
samples as required in standard milling procedure. ‘The
dimensional accuracy of the configuration of the finished
sample is not dependent on the skill of the operator but
is comipletely controlled by the precision master tem-
plate; hence an' unskilled ‘technician can readily ma-
chine accurate specimens with only a few minutes’ in-
structions: . Since this accuracy is not dependent on the
skill of an operator, but rather on the master template—
an unskilled technician can readily produce accurate
specimens with only a few minutes’ instruction. Such
accuracy and consistency of duplication permits accurate
and reliable tests to be made of the physical properties
of the-sheet material. Moreover, tensile specimens may
thus be prepared without the development of any sub-
stantial amount of heat which might be deterimental to
the tests to be made thereon. ‘ _

The present machine which is moderate in size with
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a total weight of approXimately 25 pounds, is truly
portable and may be moved to any desired accessible
location in the testing laboratory. This feature com-
bined with the ability to accurately- machine single speci-
mens eliminates the maiy delays normally encountered
in such. machine work.

The #ability to.machine with light cuts and low cutting
pressufes eliminates cold working on the machined edges
of metals and éliminates heat distortion on the machined
edges.of plastics and mnonrietallic materials. - Extremely
tough high temperature “super. alloys,” such as cobalt
base metals or heat-treated” stainless steels may be ac-
curately inachined in thé light 001" foil gauges without
any. deformation, and also the heavier .250" plate, and
the softer metals as lead, coppér, aluminum, and. mag-
nesium are equally ‘well machined. Soft heat sensitive
polyethylene film materials ¥2 mil thick, or the extremely
.abrasive. glass reinforced:laminates 15" thick are accu-
rately niachined without ‘heat deformation.or delamina-
tion of the machined edges.

One object of this invention is to. provide an appa-
ratus of the above natire capable of machining the edges
of strips -of sheet.and plate materials .to.produce con-
tour samples within very closely .controlled tolerances,
as required by the “ASTM” specifications for  testing
materials or other similar specifications. 7

A further specific object of this invention. is the ability
to .machine specimens .of entirely different contours by
simply changing the master template.. ‘There are no time
consuming set-up changes or. adjustments required to
machine different precision shapes as were necessary
with milling procedures.

The disclosed machine is simple in construction, is in-
expensive in comparison with standard milling machines
presently used for the purpose of machining test speci-
mens, is compact, requiring little floor space; is simple to
operate by unskilled personnel and yet is safe in oper-
ation.

Another object is to provide an apparatus of the above
nature: which includes a master template which may be
made in various sizes, widths, and gauge lengths to ac-
commodate and:- produce test specimens of most any
thickness: or shape,

A further object is to provide a'master template of the
above nature which may be manually held, with a neg-
ligible amount of force while machining the test speci-
men, thus eliminating heavy vises, clamps and other
complicated holding mechanisms.

A still further object is-to provide a master template
of the above nature by which the test specimen may be
machined: with: a series. of light cuts by a ‘bit rotating at
high speed.

A further object is to provide an apparatus for ac-
curately machining test specimens. in.which the cutting
bit-is-considerably smalleriin size than the guiding sleeve,
which is not.concentric- with the bit.

A further object is-to provide a -device of the above

nature which will' be ‘simple- in -construction, inexpensive
to- manufacture, easy- to-install and manipulate, safe in
operation-even with inexperienced. labor, compact, orna-
mental in appearance, and very efficient and durable in
use. .
) With these ard other objects in view, there has been
lllu_strate‘d ‘on the ‘accompanying drawings one form in
whlcl} the invention may conveniently be embodied in
practice.

In the drawings, .

Flg 1 represents a_perspective view .of one form o
ma’cpm‘e for making test specimens, embodying the pres-
ent invention. - )

- Fig. 2 is a plan view of the same.
Fig. 3 is an end elevation of the same.
F;g. 4. is a -cross-section on.an enlarged, scale, 'takep
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on the line 4—4 of Fig. 2, with the control knob in its
fully “out” position. .

Fig. 5 is an end elevation of the housing for the slid-
able guide member, broken away to show the interior ar-
rangement of parts when the control knob is in its fully
“in” position.

Fig. 6 is a cross-section on an enlarged scale, taken on
the line 6—6 of Fig. 2.

Fig. 7 is'a cross-section, taken on the line 7—7-of Fig.
5, showing the face of the control knob.

Figs. 8, 9, and 10 are plan views, on a- greatly enlarged
scale, of a portion of the master template-showing the
appearance of a test specimen, during successive steps
of the machining thereof. ’

Referring now to the drawings, in which like reference

numerals denote corresponding parts throughout the
several views, the numeral 10 indicates a flat working
table which may be mounted on four corner. pedestals
i1. An electric- or air driven motor 12 is: adjustably
mounted .on a vertical axis in a housing 13 attached to
the underside of the work.table 10,
"~ The upper end of the shaft of the motor 12 -is pro-
vided with a chuck, not shown, to removably receive a
cylindrical side cutting vertical rotary -fluted. router bit
14 projecting upwardly -through a suitable opening pro-
vided in the table 1.

The disclosed invention employs a carbide cutting bit,
or similar hard material, with a high rake on the cutting
edge allowing these materials. to be.lightly shaved with
low pressures and without disintegration or chipping of -
the sharp cutting edge of the bit. -The same router bit
is used for the machining of the softest plastic materials
as well as extremely hard high temperature alloys: with
equally excellent results and. without changing the speed
of rotation of the cutting tool. This wide versatility is
due-to the ability to quickly and accurately. contrel . the
depth. of cut for the specific materials being machined.

A guide assembly, generally indicated by the numeral
15, is mounted on a base-block 16 comprising a: gen-
erally rectangular block of metal adjustably secured rig-
idly to the top of the working table 18 by a pair of
fastening . bolts having -enlarged heads 17, which bolts
pass upwardly through the..enlarged openings 18.in the
table 1§ into tapped holes in the underside of the.base
block 1e.

The front side of the base block. 18 is provided with a
flat vertical surface 19, and a horizontal straight edge
bar 28, extending -substantially the entire width of the
table 18, is rigidly attached, as by means of a plurality of
horizontal recessed:bolts 21,  along the upper .portion ef
the table 10 and spaced a short distance above the sur~
face of said table.

An elongated rectangular cap member 22, which ex-
tends from the straight edge bar-20 to the back of the
base block 18, is attached thercto by fastening bolts 23
(Fig. 3), extending intc the underside of the cap 22 and
through suitabie -openings. provided in the base. biock
16, the heads of said. bolts being recessed and engaging -
the underside- of said base block 16.

The underside of the cap member 22 is provided with
a longitudinally extending straight sided recess 24. This
recess forms, with the top:of the base block 16, a.slide-
way having a rectangular cross-section, within..which is
received an elongated guide bar 25 which projects, out--
wardly forwardly of the bar 20 and overhangs tha. rotary.
bit 14, at which location the underside of the guide bar
25 is provided with an upwardly extending circular re-
cess 26, within ‘which is force-fitted a downwardly.-pro-
jecting cylindrical sleeve 27 having an inner diameter sub-.
stantially greater than the diameter. of the bit 14.

At the rear of the guide bar 25, there is provided a
downwardly. extending stop pin 28, which is. received in

a -recess 22 provided in the top of the base block 16,

which. recess. also . accommodates a. horizontal. | helical
spring 39, positioned between the stop pin 2§ and the
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front wall of the recess 29, and serving to urge the pin
28 and the guide bar 25 towards the rear of the base
block 16. This rearward movement is resisted by an
adjusting screw 31, horizontally positioned in a mounting
‘block 32, in such a manner that jt abuts in endwise en-
gagement against the rear of the guide bar 25.

The mounting block-32 is secured to the rear face of
the cap member 22 by horizontal bolts 33 (Fig.-2) and
the longitudinal movement of the adjusting screw 31 may
be accurately controlled by means of a pair of lock nuts
34 located on the screw 31 in front -of the mounting
block 32, and also by a threaded bushmg 35 located
behind said mountmg block.

The bushing 35 is received within the hub of a hand:
knob 36 having a radially arranged scale 37 (see Fig. 7)"

on its vertical face, so as to permit an angular “microm-

eter” adjustment of the position of the scale 37 with re-:

spect to the adjusting screw 31; and once the proper set-
ting as been established, the knob 36 will be clamped
in place between the bushing 35 and a slotted head aS
of the screw 31.

A passage 39 is drilled downwardly from the top of.

the mounting block 32 ‘to intersect the adjusting screw
3%, and a friction member 490, preferably comprising a
small plug of yieldable material, such as plastic, is in-
serted therein and held under adjustable compression

against the threads of the screw 31 by means of a small"

set screw 41 threaded into the upper end of the pas-
sage 39,

A pointer 42 is attached to the top of the mounting’

block 32 by means of a bolt 43, in alignment with the

top of the passage 39 and extending rearwardly into

proximity with the scale 37.

A master template, indicated generally by the mmeral
44 (Fig. 1), includes an elongated flat upper plate 46
having an accurately specified machined contour, and a
similar lower plate 45, between which plates is located
a flat strip of test material: 47 which is to be machined
to the exact contour of the upper plate 46.

A pair of inverted U-shaped clamps 48 and 49 are
positioned to straddie the upper and lower plates 46 and
45, near their opposite ends.
clamps 48 and 49 are joined to the sides of the lower
plate 45, as by welding, pinning, or otherwise, so that
pressure may be exerted on said upper plate 46 by Vem-
cal adjustment screws 50 and 51.

Preferably, the inside width between the opposite legs
of each of the U-clamps 48 and 4% is such as to easily
accommodate with a close sliding fit the widest strip 47
of test material which is expected. to be used. ~For
example, in preparing test specimens of metal in accord-

ance with ASTM specifications for sheet- metals, the-

greatest width will - be 750",

Means is also provided, whereby narrow test strips
may also be accommodated within the master template
44, and for this purpose, a pair of horizontal centering
screws 52 and 53 are provided, respectively, for each of
the U-clamping members 48 and 4%. These screws are

threaded-into tapped holes extending horizontally through -

one of the legs of each of the clamps 48 and 4% and in
alignment with the plane of the test sample 47. These
tapped openings (one of which is indicated at 54, in
(Fig. 6), will extend part way into the lower plate 45,
and may be. counterbored to provide a shoulder 55 to
act as a. limit stop for the head of the screw 52; it being
understood “that the length of the shank of said screw

will be such that when the screw 52 has reached the point.

where its head contacts 'the stop shoulder 35, the test
sample 47 having a given width, corresponding to the
use of that particular adjusting screw, will be exactly
centered between the ‘depending legs of the clamps 48
and 49, when one edge of the test specimen abuts. the
end of the screw 52.. The upper plate 46, which is more
or less loosely received in the clamps 48 and 49, should
be suitably recessed as at 56 and 57 (see Fig, 2) to pro-

The depending legs of the-
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vide clearance for the ends of the adjusting screws 52
and 53,

A vertical indexing screw 58 (Fig. 2) is inserted into!
a vertical ‘hole at one end of the upper plate 46, and
projects downwardly into a suitable tapped hole (not
shown)-in the' lower plate 45 to maintain longitudinal
alignment between the two plates 45,46, and -also to
a;:t as. a longitudinal stop when inserting the test sam-
ple 47.

Figs. 8,9 and 10 show in detail the progressive steps
in the mac‘umng of a strip of metal 47 to specifications
for the purpose -of testing its tensile, compressive, fa-
tigue or other strengths. For example, with one of the
ASTM specifications, it is vequired that the width of a
test- sample, at its mid-point should be one-half inch plus
or minus .010”, and that for a distance of 1¥8"’ on either
side- of this mid-point the test sample should have an in-
creased - width which tapers upwardly away- from the
mid-point to an increase of .003 to :005”, as is best
illustrated in solid lines in -Fig. 10. ~ The upper plate 46
is contoured exactly to these dimensions. -However, it
will be understood as will be seen later, since the master
template 44 .serves to regulate the amount of metal re-
moved from each side of the test sample 47 as well as
act as a pattern, the reduced mid-portion of the upper
plate 46, indicated generally by the numeral 59 (Fig. 8),
does not have the same dimensions as the finished work.

Operation

In operation, the bit 14 which preferably is made of
tungsten carbide or other equivalent hard cutting mate-
rial, is rotated in a counterclockwise direction, as viewed
in Figs. 8, 9, and’ 10, at very high speed (upward of
20,000 r.p.m.). . If the test sample 47 is the same width
as the distance between the legs of the U-clamps 43
and 49, the centering screws 52 and 53 are not used, and
the strip 47 will be inserted in the master template 44
between the upper and lower plates 46 and 45 with onc
end against the indexing screw 58, and clamped down
by the adjustment screws- 50 and 51 The adjustment
knob. 36 is then turned to move the screw 31 inwardly
until the bushing 35 comes in contact with the mounting
block 32. The cyhndnoal guide sleeve 27 w111 then be
in its fully “ont” position, as shown. in Fig. 5.

The operator, with one hand at.each end of the master
template 44 in the position as shown in Fig. 2, will now
move the entire template assembly 44 forward to bring
the left hand end of the contoured section of the upper
plate 46 into contact with the cylindrical guide sleeve 27,
and with a comtinuous motion will move the template
longitudinally past said cylindrical sleeve until the right
hand .end of the contoured portion is reached, during
which motion a small amount of metal will be temoved,
(Fig. 9). Without changing the positicn of the knob
36, the master template ausembly 44 will be reversed,
end for end, and the previous procrdure of moving tha
template assembly from right to left is repeated to re-
move a small portion of metal from the opposite edge
of the strip 47. In Fig. 9, the sample 47 is shown with
the first cut having been taken along the lower edgs
while the bit is in process of making its first. cut in the
upper edge.

After completing the first cut on both sides of the sam-
ple 47, the adjustment knob 36 will be turned to move
the adjusting screw. 31 counterclockwise, thus moving
the cylindrical guide sleeve 27 rcarwardly an amount
which can be determined by observation of the scale 37.
The master template assembly 44 will then again be
brought into contact with the guide sleeve 27, and the
template assembly moved from right to leff, to make a
second cut in each side of the sample 47 in thé manner
vreviously described for making the first cut.

After further turning the knob 36, the guide sleeve 27
will. again be moved inwardly, producing succeeding cuts
as indicated by the dotted lines in Fig. 10 in each side
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of the sample 47, until the guide sleeve 27 has reached
its limit of travel. Since the lock nut 34 on the adjust-
ing-screw 31 abuts against the-block 32, the contour of
the -sample 47 will be in-accordance with the contour of
the master template.

In the case of a test sample 47 ‘which is originally
of- less -width than the distance between the legs of the
U-clamps 48 and 49, the procedure will-be the same, ex-
cept for the fact that the centering screws 52 and 53 must
first be inserted -(Fig. 1) for the purpose of insuring:that
the specimen: 47 will be centered under the upper plate 46.
In addition, for the first cut of metal to be taken by the bit
14, the knob 36 will be set at a position to retract the
guide sleeve 27 rearwardly from its-forward limit an
amount corresponding to one-half the distance between
the width of the sample being machined and a full width
sample. :

~The adjustment. furnished by the bushing 35 and the
lock nuts 34 regulate within precise limits, the amount of
travel of the cylindrical guide sleeve 27, and thus con-
trols the total amount of metal which can be-removed
by the bit 14 during successive passes across the edge of
the test sample 47. Therefore, if the final cut produces
a test sample which is too wide, the bolts 17 may be
loosened, and the assembly i5 moved to the left an
amount equal to one-half of the oversize as viewed in
Fig. 4. Similarly, if the final cut by the bit #4 produces
a test sample. which'is too narrow, the assembly 15 must
be moved to the right a similar amount.

It will be obvious in any event, that the amount of
adjustment of the guide sleeve 27 for successive passes
of the bit 14 will depend entirely on the type .of mate-
rial of the test piece 47 and its thickness. Also, any de-
sired scale 37 may be employed, the one shown in Fig. 7
being merely representative of a preferred form., More-
over, the precise form of mounting for the motor 12 and
housing 13 being well known forms no part of this in-
vention. ' ’

It will be understood that as the surface of the bit 14
becomes dulled, the motor which holds said bit may be
raised axially from time to time so as to spread the wear
on the bit progressively over its lower surface.

One feature of this invention is that the straight edge
bar 20 substantially prevents undesired relative angular
movement of the master template 44 with respect to the
guide 27, as can be seen from an examination of Fig. 2.
The total amount of relative angular movement will not
be more than a few degrees, so that for all practical pur-
poses, the upper plate 46 of the master template will al-
ways be held substantially tangent .to a single point on
the surface of the guide sleeve 27 in_alignment with the
axis of the bit 14.

One advantage of the present machine is that it is ex-
tremely light in weight and compact in size, so that it
may be. carried to any desired location in a laboratory
or machine shop. :

A further advantage, due to the machining of the
test sample with a series of light cuts, is that an extreme-
ly smooth edge of microscopic fineness is produced, hav-
ing a roughness as fine as .000005”, which.is. a measure
of the average of the high and low points on said. edge.

A still further advantage is that the final light cut may
be as small as .0005”, which will substantially eliminate
cold working of the material on the machined edge, a
condition which is extremely desirable for .obtaining ac-
curate. and uniform results in physical testing. :

The ability to machine individual samples or a group
of samples rapidly by this invention, with the elimination
of delays normally encountered. with machine shops, al-
lows research and development programs to be under-
taken that were previously considered impossible.

. While there has been disclosed in. this specification, one
form in which the invention may be embodied, it is to be
understood that this form- is shown for the purpose of
iltustration only, and that the invention is not limited to
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this specific disclosure but may be modified and embodied
in:various other equivalent forms without departing from
its spirit. - -In short, the:invention: includes -all the modi-
fications: and  embodiments. coming: within. the scope of
the following claims. )

Having thus fully: described- the- invention, - what is
claimed as-new and for which it is:desired to secure Let-
ters-Patent is:

1. In-a-machine for the.precision high speed contour
milling -of test pieces of specific shapes required for the
physical testing of metallic- and nonmetallic materials
within close tolerances: with almost complete elimination
of cold working and heat distortion, including a-support-
ing table, a high speed:motor-driven shaft-mounted be-
lTow -said ' table, said shaft being provided ‘with-a-rotary
routing tool -extending upwardly- therefrom  and project-
ing through the. top -of ‘said. table with its-axis at right
angles-thereto, a horizontal slideway located above ‘said
tabletop in line with ‘said tool, a -movable- slide -in- said
slideway, a vertical guide-sleeve larger in diameter-than
said tool mounted in said slide and eccentrically em-
bracing said tool, a-straight horizontal guide bar rigid-
ly- mounted - above said 'table-at right angles to'said slide-
way, a micrometer screw mounted on- the rear of “said
slide for permitting the successive manual adjustment of
the ‘position of ‘said- slide and said -sleeve by -small in-
crements with: respect to said routing tool, ‘and a tem-
plate having two contoured side edges for receiving the
test piece to be machined, said template being smaller
in width than the width of the desired finished test-piece,
said template being adapted to be manually moved lon-
gitudinally; repeatedly, with both side contoured -edges
in contact with said sleeve and -said horizontal bar to
cause said- routing ‘tool to- progressively - remove - small
amounts of ‘material from the edges of- the test piece
carried by'said template.

"2. The machine as defined in claim 1, -in:which said
horizontal guide bar is spaced slightly above the surface
of said table for chip- clearance.

3. The -machine as defined in claim 1, in which-bias-
ing means are provided -to positivelyand ‘automatically
Ufge said slide rearwardly in ‘said - slideway, - without
play.

4. The machine as defined in claim -1; in.which adjust-
able means are provided to positively limit the-movement
of said micrometer screw, said slide, and said sleeve, in
both inward and outward directions in order.to- prevent
said - routing tool from coming into contact -with ‘said
sleeve or said template.

5: The-machine as defined-in claim. 1, in-which ah ad-
justable friction member-engages the thread of ‘said
micrometer screw, to hold it as well as-said sleeve and said
slide from moving out of adjusted position by -vibra- .
tion.

6. The machine as defined in claim 5, in-which a pointer
is mounted parallel to said micrometer screw ‘adjacent a
graduated scale arranged around the - circumference .of
a-hand knob mounted on the rear of said micrometer
screw, for.permitting the repeated precise. manual adjust-

o ment of said slide in said slideway.

7. The machine as defined in claim" 1, in which said
template-comprises-a pair of contoured sections-loeated
above and below the test piece to be machined, and a
pair of longitudinally spaced clamps to-hold:said template

85 sections tightly against said test piece.

8. The machine as defined in claim 1, in which -means
are provided for vertically adjusting said routing -tool
when it becomes-dull to raise a sharp portion-thereof into
operating position and to move the dull -used: portion of

. said tool inside said sleeve.

9. The machine as defined in claim 1, in which-said
slideway comprises part of a heavy plate secured-to the
top of said table.

10. The machine as defined in claim 1, in which-said
sleeve 1cosely: embraces the top of said tool; and is -mov-
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able eccentrically forwardly and rearwardly with respect
to said tool in response to the movement of said slide in
said slideway. :

11. The machine as defined in claim 7, in which the
contour of said - template sections corresponds exactly
with the final shape of the test piece to be machined.

12. The machine as defined in claim 7, in which both
contoured side edges of the upper template section bear
against said sleeve  during the operation  of machining
said test piece.

13. The machine as defined in claim 7, in which said
clamps are mounted in U-shaped saddles, only one of
which is adapted to contact said horizontal guide bar

at one time while said upper template section engages

said sleeve, to keep the longitudinal axis of said template
substantially tangent to the front edge of said sleeve, said
template being movable repeatedly essentially parallel to

10
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said guide bar in contact with said sleeve, subsequent o
repeated movements  of said slide and said sleeve by
means of the manual adjustments of said micrometer
screw, to cause said routing tool to progressively machine
small amounts of material from both side edges of said
test piece until the exact contoured shapes of said tem-
plate are accurately duplicated on said test piece.
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