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TW THE TENEHNER

This monograph includes a descriptive section designed to intro-
‘duce the beginner to the crank shaper and to the hydraulic shaper,
and to some of the accessories commonly used on these machines.,

In this section, the individual parts which make up the shaper are
named, their use and their operation in relation to each other are
explained, and the principles on which various mechanisms work are
set forth. :

This monograph includes also a procedure in which the unit lessons
have been arranged in a Trade Theory Series and a Fundamental
Process Series which parallel each other and distinguish between
related informational material in the one series, and, in the
other, basic or fundamental operations which are common to shaper
work in any situation. ,
The Trade Theory units deal with the basic theory and related in-
formational material for the work, or the "Why to Do."

The Fundamental Process units deal with the manlpulatlve phase
of the work, or the "How to Do," and involve‘the use of tools,
machines’ and accessories.

These units of instruction, written especially for beginners, have
been arranged in a sequence in which careful consideration has
been given to learning difficulties. They proceed from the simple
unit, "How to Shape Horizontal Surfaces," to the more complex unit,
"How to Shape Simple Contours."

The instructor may develop lesson plans for related shop talks

from the trade theory units. The fundamental process units, in
which successive steps in the procedure have been arranged in the
generally accepted order, may serve as a guide for shop demonstra-
tions. The concurrent illustrations in both series of units offer
valuable assistance to the instructor in making explanations and
demonstrations, and to the student in comprehending these processes.

The student should be provided with a copy of this monograph to be
used as a text; its possession provides an opportunity to learn
the related material and, as a text, it will serve as a guide in
the performance of the process after it has been demonstrated.

Actual jobs, rather than exercises, should be used to provide ex-
perience in the fundamental processes. The related theory for
any given unit also can be taught most effectively when practical
applications are used as illustrations,

Frederick Theurer
Alec P. Armsden
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ESCRIPTION <4 #< CRANK SHAPER

[ OBJECTIVES OF UNIT )

1. To explain how metal is removed in the shaper.

2, To point out several types of metal shapers,

3, To name and deseribe the main parts of a mechanically driven
crank shaper.

4, To indicate the functions of these parts.

INTRODUCTORY INFORMATION

The shaper is a machine tool used to machine a
flat surface which may be in a horizontal, a ver-
tical, or an angular plane. In addition, the
shaper 1s used to machine odd and irregular shapes
which would ba difficult to produce on other ma-
chines,

The work is held on an adjustable worktable or, 1if
its size apnd shape permit, in a vise which in turn
i1s bolted to the table,

A single-point cutting tool attached to a rigid
arm called the ram moves over the work with a reolprocating (alter-
nate forward and backward) motlon. The length of the ram stroke
and the number of strokes per minute may be varied as the length
of the work and 1ts composition change,

With one exception, the cutting tool, which 1s adjustable vertl-
cally, removes material during the forward stroke only., Durlng the
return stroke of the ram, the table and the work move toward the
tool a predetermined amount as long as the auntomatic table feed re-
mains engaged.

Most shapers have been designed with a vertical column or pillar
which is used to support the ram, the table, and the drive and feed
mechanisms, and therefore at one perlod in thelr development were
called column or pillar shapers.

However, since the column-type of design has become so generally
used in shaper construction, manufacturers have assumed that this
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Machine Shop Practice UNIT1-T52(A)
Trade Theory Series SHAPER WORK Beginner’s Course

A few jobs involving operations
which are typical of those fre-
quently performed in the shaper
T : have been illustrated on this

¥ 3 page. They give some idea of

i . the wide variety of work which

stands the principles of its op-
eration,

One or the simplest shaper op-
drations is that of machining a
casting to definite dimensions

by removing one or more cuts from
its surfaces, the surfaces to be
placed horizontally during the
cut and the job to be held in the
vise as indicated in Fig. 1.

Frequently a surface can be ma-
chined to better advantage when
it is placed in a vertical posi-
tion and the tool fed down along
a vertical surface of the work
instead of across a horizontal
surface of the work. Fig. 2
shows this kind of setup.

Shaping the work at an angle other
than 900 from the machine table
closely resembles vertical cut-
ting, but such a machining pro-
cess involves adjustment of the
tool head to a position corres-
ponding to the angle required on
the work., This setup has been
illustrated in Fig. 3.

\ |
NE
\\\%\\\l

Both lateral movement of the table
and vertical movement of the tool

- are required when it becomes nec-
essary to shape an irregular lay-
out such as the one shown in Fig,
4 * )

The cutting of slots, keyways,

and dovetails are other operations
which can readily be performed in
the shaper,

Page 6




Machine Shop Practice UNIT 1-T52(A)
Trade Theory Series SHAPER WORK Beginner’s Course

The bottom of the column rests on surface A of the base casting.

The upper surface forms the guide ways for the ram. Either one or
both of the V-shaped guide ways B may be cast as an integral part of
the column, but different methods for taking up wear between these
surfaces and the ram must be provided for each form of construction.

When both ram ways form a permanent part of the column, a taper gib
inserted between the ram and its ways provides a means of adjust-
ment between these parts. Where only one ram way has been cast to
the column, the second guide C is bolted thereto, thus permitting
its position to be changed with a series of screws D when it be-
comes desirable to alter the adjustment between the ram and its
ways. (Refer to page 12.)

The front vertical face of the column has been accurately planed at
right angles to the ram ways on the top. This face and the T-ways
adjacent thereto on both sides, keep the cross rail in its proper
horizontal relationship with the ram when the cross rail must be
moved vertically on the face of the column,

The convex wall F on the right side of the shaper column provides
space internally for the main driving gear and externally supports
the stroke-adjusting mechanism and the table feed unit, '

A large opening in the left side of the column allows access to its
interior for repairs and adjustments. A cover over this opening
excludes foreign material and prevents accidental contact with the
moving parts enclosed in the column,

Another opening located at the top of the column and in the center
of the front face is called the throat E. When a shaping operation
is to be performed near the end of a long piece of work, it may be
extended into this opening in the column. A guard keeps chips from
the throat when it is not in use.

DESCRIPTION OF THE CROSS RAIL

THE CROSS — RAI

The cross rail is a rela-
tively long casting locat-
ed across the front of the
column, Its function is
to permit vertical and
horizontal movement of the
table.

Opening A fits around the
front and sides of the
vertical surfaces on the
column, and, together with
plates P, forms the bear-




Machine Shop Practice UNIT 1-T52(A)
Trade Theory Series SHAPER WORK _Beginner's Course

ing surfaces which permit the cross rail to be adjusted vertically
to provide for jobs which may vary considerably in height.

Plates P are bolted to the back of the cross rail and extend behind
the T-shaped ways T which form part of the column face.

The gib between the side of the column and the cross rail keeps
these parts in adjustment sideways. Hexagon-head bolts, or often
handles, are provided on both sides of the shaper to bind the cross
-rail to the column immovably.

An elevating screw E controls the vertical movement of the cross

rail and determines its position on the column. When it becomes

necessary to change the height of the cross rail, motion, applied
by means of a crank at the squared end of the horizontal shaft H,

is transmitted through bevel gears within the rail to the elevdf-
ing screw or to a nut mounted thereon.

Just as the front face of the column furnishes the bearing surface
for the cross rail so, in turn, the front face of the cross rail
serves in a similar capacity for the saddle, but with this differ-
ence: the column face provides for vertical movement of the table,
whereas the face of the cross rail controls horizontal movement of
this part,

A cross-feed screw S, mounted horizontally in the cross rail, ex-

tends from end to end and, by passing through a stationary nut N,

attached to the rear of the saddle, controls the sidewise movement
of this part. A crank may be used on the end of the screw to feed
the saddle, together with the table, by hand.

A metal guard (not shown) protects the bearing surfaces of the
cross rail from damage, and bronze retainers with felt inserts or
wipers remove dirt and fine particles of metal from its working
surfaces while adjustment is being made.

DESCRIPTION OF THE SADDLE

The saddle, or apron, which is a com=- > ,;M/%%%@%%%%%%W7

%
4

paratively thin, flat casting located
between the cross rail on one side
and the worktable on the other, forms
the connecting link between these
parts.,

The rear of the saddle fits the hor-
izontal guide ways A on the cross rail.
These guide ways generally consist of
a dovetail fit at the bottom and a

FIG.8
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Machine Shop Practice UNIT 1-T52(A)
Trade Theory Series SHAPER WORK Beginner's Course

DESCRIPTION OF THE SHAPER

The parts of the shaper will be described in the order in which these
parts or units might be brought together for assembly of the machine,

DESCRIPTION OF THE BASE

The base, which rests directly on the shop floor, is a casting which
serves as a foundation for the entire machine, After being leveled,
the machine may be fastened securely with foundation bolts inserted
through holes provided for this purpose near the outer edge of the
base,

The portion of the base beneath the column is utilized as an oil
reservoir when the machine has been equipped with a pressure-lubri-
cating system; that portion of the base not so used is hollow under-
neath and braced with internal ribs spaced at intervals designed to
strengthen the casting.

The only places which have been machined on the base casting are
surface A, to which the column will be bolted, pad B, which forms a
flat bearing surface for the table support, and hole C, which cen-

- ters the lower end of the table elevating screw. All other sur-
faces are unfinished.

A rim D surrounds the base. Thls retains A@g%é%%”g%%%%”

excess oil which drips from the machine //
and prevents the o0il from reaching the / éZ:’
shop floor.

On some motor-driven machines an exten-
sion to the rear of the base casting
provides space for the motor; on others,
however, the motor is attached to the
column or to a separate casting which is

bolted to the base. a////// = ’”/////

DESCRIPTION OF .THE COLUMN

The column or frame, as it is also

" called, is a hollow casting shaped like
a box with openings at the top and bot-
tom., In addition to enclosing the mech-
anism which drives the ram, it also
houses a unit which actuates the auto-
matic feed, and, in the mechanically
driven shaper, another unit which per-
mits adjustment of the ram stroke,

Heavy internal ribs keep the column per-
manently rigid and accurate, Its exter- THE COLUMN ¢
nal surfaces support both the table . , )
which holds the work and the ram which
holds the cutting tool.

Page 7 ’




Machine Shop Practice UNIT 1-T52(A)
Trade Theory Series SHAPER WORK Beginner’'s Course

square box fit at the top of the rail, and, since an accurate fit
must be maintained between these members, taper gibs using end screws
for adjustment are supplied in both of these places.

Interaction of a stationary nut attached to the rear face of the
saddle and a cross-feed screw mounted in the rail permit horizontal
movement of the saddle on the guide ways of the cross rail. A
graduated collar C on the cross-feed screw permlts micrometer ad-
justment of the saddle and table in a horizontal direction. Felt
wipers B assist in maintaining these parts in good working condi-
tion by cleaning and lubricating their bearing surfaces.

T-slots, which extend either partially or entirely across the front
face of the saddle, accommodate bolts used to clamp the table to
this member, thus making a single unit of these parts. Usually,
when the T-slots extend only partially across the saddle, another
slot is placed in its face for the alignment of fixtures which may
be substituted for the table.

DESCRIPTION OF THE TABLE

.

S, B

The table is a rectangularly shap-

have been machined accurately.

The need for such accuracy must be
apparent since each face servcs in
one of two capacities —— either
for locating the table in relation
to other parts of the shaper or
for locatihg and holding the work
or work-holding device during the
machining process, '

The rear face of the table is
clamped to the front face of the
saddle by means of bolts which are
supplemented by dowels or a key to
maintain, permanently, the rela-
tionship between these parts.

The front face is used ss a clamp-
ing surface for a table support as
shown in 4, Fig. 10. With a sup-
port of the type shown in B, Fig.
10, both the front and the bottom
surfaces function with the slide.

The remaining surfaces, that is,
the top and the two sides, are

-Page 10




Machine Shop Practice UNIT 1-T52(4)
Trade Theory Series SHAPER WORK _ Beginner's Course

used for locating and holding work diréctly, or for locating and
holding a vise or fixture which, in turn, grips the work,

The surfaces used for holding the work have T-slots which accommo-
date bolts used for work-clamping purposes. The spacing and the di-
rection of these slots, however, are not similar in all makes or
models of shapers, and each manufacturer advances good reasons to
Justify the particular arrangement used in his product.

Two common designs prevail in regard to the direction of the T-slots.’
In one A, the slots on all surfaces used for clamping work run hori-
zontally; in another B, the slots on the top and on the left side

run horizontally, but those on the-right side run vertically. Also,
tables with vertical T-slots generally have a vertical V-shaped
groove for quickly aligning and clamping shafting to the table i

an upright position. :

Another variation in table design C includes holes provided in its
clamping surfaces for use with table stops, and the extension of the
upper working surface at both the front and rear. This design pro-
vides places for clamping the table to the saddle at the top in ad-
dition to the usual bolts in its fromnt face.

DESCRIPTION OF THE TABLE SUPPORT

The table support extends from the worktable to the
base of the machine, Its purpose is to support the
outer end of the table and thereby prevent deflection
which might occur during the cutting process, or de-
flection which might be induced by the unsupported
weight of the table itself. .

Despite wide variations in detail, designs of table
supports readily lend themselves to placement into
one or the other of two general groups. Into one
group A, may be placed all supports which are bolt-
ed to The table and slide over a planed bearing sur-
face of the base extension when the table moves hor-
izontally. 1Into the other group B, may be placed
those which are bolted to the base of the shaper, a
group in which the sliding action takes place at

the bottom of the table instead of on the base of
the machine, :

Elongated slots permit adjustment of the table support
vertically to suit the table and cross-rail positions,
and clamping bolts securely lock the support in place.

Bearing surfaces on which the table supports slide are
sometimes protected from chips, and simultaneously lu- é%

bricated by the felt wipers attached to the ends of %%%%%%%%%%%%%

the support. (Refer to Fig. 39, page 3l.)
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Machine Shop Practice ) UNIT 1-T52(A) ,
Trade Theory Series SHAPER WORK Beginner’s Course

DESCRIPTION OF THE RAM

The ram is the long and rather narrow member of the shaper, designed
to move back and forth horizontally in the uppermost section of the
column. It is the part which supports the cutting tool and also
guides it over the work during the cutting process.

The V-shaped ways A extend along the entire length of the ram, and,
together with the ram ways in the column, form its guiding surfaces.

A gib, either tapered or straight (Fig. 12), is provided to take up
wear which may occur between these moving parts. No difficulty :
should be encountered in determining which type gib has been used,
since the means of adjusting one differs noticeably from that used
for adjusting the other. The taper
gib, for example, utilizes a single
screw shouldered against the large end
for adjustment, whereas the straight
gib requires a series of screws spaced
along its entire length in the column
to accomplish the same result (Fig. 12).

To the list of parts and surfaces already
alluded to must be added the parts which
aid in placing the ram stroke over the
surface to be planed (Fig. 13). These
parts include shaft 1 whose outer end has
been squared to recelve a crank for use
when the ram is being placed, horizontal
screw 2 which extends almost the entire
length inside the ram and is supported
in bearings at B, and bevel gears 3
which connect the shaft and the screw 2.

Also to be included is the stationary
nut 4 which aids in placing the ram,

and assists in clamping it in position
as well., The nut is linked to the rock-
er arm below, fits the thread on screw 2,
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and extends up to the inner surface

of the ram. Stud 5, which is free to
slide in the elongated slot in the

ram, extends up from the nut, within,
to the binding lever 6 on top of the
ram, and, together with clamping pad

7, these parts furnish the means where-
Py the ram is clamped in position.

FIG.13
Many shapers of older design use a

stroke indicator which attaches to the clamping pad on the ram and
extends down to a stationary index plate on the column. This index
plate resembles a scale in that it is marked off in inches, the
largest number appearing on the index plate coinciding with the
maximum length of stroke attainable on the machine, such as number
16 for a 16-inch shsper, etc. ’

‘Since the ram and the stroke indicator move as a unit, providing
the binding lever has been tightened, the length of ram stroke in
inches will be the same as the number on the scale to which the in-
dicator points when the ram has reached the rear end of its stroke.

A description of the stroke indica-
tor and its scale has been included
here only because of their proximity AUTOMATIC VERTICAL FEED €
to the ram. Their connection with 7/

the stroke-adjusting mechanism has .
been described on page 20.

In addition, some shapers have an au-
tomatic vertical feed F for the tool
head (Fig. 14). On shapers so equip-
ped, the feed mechanism is attached

to the right side of the ram directly
behind the head. Motion is transmitted
to the feed screw in the head by feed
lever L which is actuated as the ram
moves back and forth by an adjustable
tappet T on the column.
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DESCRIPTION OF THE TOOL HEAD

The tool head is clamped to the forward end of the ram. It com-
prises the parts which serve to hold the cutting tool and also those
parts which gulde the tool vertically and adjust it for the desired
cut. Although their construction may vary somewhat in detail, all
tool heads for the shaper are quite similar in appearance and in
function, since each is an assembly of parts somewhat similar in
design to those described herewith. (Refer to Fig. 15.)

A swivel block B connects the tool head to the ram, using for this
purpose two binder bolts which extend from the annular T-slot in
the face of the ram and pass through holes in the swivel block.

Another function has been assigned to the swivel block, that of al-
lowing the tool head to be adjusted for making vertical and angular
cuts with the aid of the tool slide (.

A circular projection on the rear of the swivel block extends into
a recess in the ram, and not only centers these parts with each
other, but also allows the tool head to be set vertically or swung

. at an angle when the binder bolts have been loosened., The peri-
meter of the swivel block has been graduated in degrees for conven-
ience in making angular settings on the tool head.

The front face of the swivel block includes a dovetailed opening
which receives a dovetailed projection on the tool slide, and also

a taper gib for keeping these parts properly adjusted. With the

aid of the stationary nut and the ball crank on the end of the down-
feed screw A, the tool slide may be moved a considerable distance
in the swivel block. -The direction of the cut, whether angular or
vertical, will be determined by the setting of the swivel block.
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An adjustable micrometer collar, graduated in thousandths of an
inch, indicates the distance through which the tool slide moves
when movement of the handle turns the down-feed screw in the sta-
tionary nut,.

Most shapers come equipped with a tool-slide lock for holding the
tool slide in a fixed position for horizontal shaping.

Also included among the parts comprising the tool head is a grbup
called the apron. It consists of a clapper box D, a clapper block
E, a serrated plate F, a tool post G, a hinge pin, and a pivot
screw, A

The cutting tool is held in the tool post securely between the
tool-post screw and the tool block. The serrations on the plate’
attached to the tool block prevent the tool from slipping during
the cutting process. A block is placed ahead of the tool-post
screw to prevent indentations which are likely to occur on the
tool holder when pressure from the tool-post screw is applied in
the .same place repeatedly.

Since the shaper tool cuts on the for-
ward stroke only, the apron has been
so constructed that it supports the
tool rigidly during this stroke and
allows it to 1lift slightly and also

to swing clear of the work entirely,

if necessary, during the return stroke.
This construction prevents severe rub-
bing and subsequent damage to the cut-
ting edge of the tool.
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7’

>

FI1G.15




Machine Shop Practice
Trade Theory Series

UNIT 1-T52(A)
SHAPER WORK Beginner's Course

FI1G.16

The clapper block E, or tool block, as it is also
called, fits snugly agalnst the 51des and the back
of the clapper box D. It is held in place by the
hinge pin which, by means of its taper, has been
so finely adJusted that the tool block will not
move perceptibly during the cutting stroke, al-
though it will 1ift readily on the return stroke
for reasons which have been previously stated.

This explanation describes the actlon of the tool
block during a horizontal cut,

For a vertical or an angular cut, however, lifting
of the tool is not sufficient; it must also swing
clear of the work on the return stroke to avoid
interference,

The clapper box has been designed to meet this ad-
ditional requirement, that of swinging the tool
out from the work on the return stroke when it is
cutting in a vertical or an angular plane., It ac-
complishes its assignment in the following manner.

The clapper box is attached to the tool slide by
means of a pivot screw and a clamping bolt. VWhen
the clamping bolt has been loosened, the clapper
box may be swung through a small arc in either di-
rection within the limits of its elongated slot
without altering the position of the pivot screw.

Thus, if the clapper box is swung to the right,
the cutting tool will 1lift and also swing away
from a right-hand vertical surface and vice versa
for a left-hand setting of the clapper box. For
horizontal cuts, the clapper box is usually set
verticdlly.

The use of the apron has been further explained
on pages 186 and 187.

To this point, no distinction has been made between the
crank-driven shaper and the hydraulically driven shaper.
Since the parts described thus far have been common to
both types of machines, this was not required,

From this place forward, however, the parts for these
two types of machines differ and therefore will be des-
cribed under separate headings —— the description of
the crank shaper continuing from here on, and that of
the hydraulic shaper beginning on page 33.
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DESCRIPTION OF THE DRIVING MECHANISMS FOR A CRANK SHAPER

The member which actuates the ram, that is, the part which controls
the back-and-forth movement of the ram, is called the rocker arm.
This casting is hinged at its lower end by means of a rocker-arm
shaft A (Fig. 17) located near the base of the column. The upper
end of the rocker arm connects with the ram by means of a link B
and a clamp block C, the link compensating for changes which occur
in the vertical length of the rocker arm as its upper end swings
through an arc centered at the rocker-arm shaft. An explanation
of the function of the clamp block has been included with the des
cription of the ram on page 13, \

Since the movement of the
ram on the one hand is
backward and forward and
since that of the drive
pulley on the other hand
is circular, it must be
apparent that a change of

N\ D™ \\
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been cted within th ’ \\\ | -
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This change in movement
could be accomplished by
several means, but since
the shaper described \ )
here has been named a A N\ \ g,§§§§&
crank shaper, and if we A N\ NN R
apply what we have pre-
viously learned — that
one way of classifying
the shaper is on the
basis of the driving
mechanism employed —
then we must conclude
that a crank pin has
been used for actuating
the rocker arm.

Fig. 18 illustrates how
the crank-type drive
mechanism, functioning
through the rocker arm ,
and its connecting parts,
causes the ram to recip-
rocate,
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Mounted within the column and directly behind the rocker arm is the
main drive gear A, also called the bull wheel. This gear revolves

on its hub which extends into a bearing mounted in the column wall.
It is driven by pinion B and is connected through gearing with shaft
C on which the drive pulley has been mounted., Whether the bull wheel
revolves fast or slow is determined by the speed for which the ma-
chine has been set. The mechanism for changing speeds has been ex-
plained on page 21.

Slide block D has been mounted on crank pin E, and together they ex-
tend from the face of the bull wheel into a slot in the rocker arm.
The sliding block has been added for the reason that it provides
longer and more enduring bearing surfaces in the slot than would
the crank pin if the latter were used without the block. As the
bull wheel revolves, the crank pin ro-
OO XY tates in a circular path about the
-------------------- ‘ 3 ~~~~§$gf“*“* center of the large gear.  During this

) \ rotation, the slide block turns on the
crank pin and at the same time slides
up and down in the slot in the rocker
arm, thus causing the rocker arm to
move forward during one part of a turn
of the bull wheel and backward during
the remainder of its revolution.

Fig. 19 - indicates in successive order
several of the relative positions oc-
cupied by the crank pin, the slide
block and the rocker arm during a rev-
olution of the bull wheel. 1 and 3
show the rocker arm in its extreme
backward and forward positions, respec-
tively; 2 shows it in the center of a
forward stroke when the slide block 1s
in its upper position; and 4 shows the
rocker arm in the center of a return
stroke when the slide block is in the
lower end of the rocker-arm slot.

RN T R RN NN NN
musmp START OF \ ‘mm-wnv]

POINT IN
FORWARD smo_xz FORWARD

STROKE

ORBIT OF
CRANK PIN
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DESCRIPTION OF THE QUICK RETURN

The driving mechanism of a shaper has been so designed that the re-
turn stroke of the tool is faster than the cutting stroke, the pur-
pose being to reduce the idle time of the tool, inasmuch as it does
not cut on its return stroke.

Fig. 20 1illustrates how this is accomplished. The crank pin (and
the slide block) occupies the position marked R when the rocker arm

- 1s in its rear position. In operation, the crank pin moves in the
path and in the direction indicated by arrows passing through arc
A which terminates at point F. This portion of a revolution repre-
sents the cutting stroke, and point F marks the beginning of the
‘return stroke, The slide block has moved in the upper end of the
rocker-arm slot during this stroke.

When the crank pin reaches point F, the rocker arm stops momentari-
1y, since it is at this point that the rotation of the crank pin
reverses the direction of the rocker arm and the ram begins its re-
turn stroke. This return movement -occurs while the crank pin moves
in the lower portion of its circular path close to the pivot of the
rocker arm, indicated as arc B, and continues until the crank pin
again reaches the starting point K. This marks the completion of
one cycle. (Refer to

Fig. 19 also.) 0 ' 7

FIG.20 . / ESCP”‘BED 8 ROCKER/A//Q//////
Since the bull wheel ro- ac © D NET M FOR _
tates at a uniform ', & - FO"‘WA URN sros /

ROca
speed, the illustration _ )
must make it apparent /;;;7
that the cutting stroke
requires more time than
the return stroke, the
ratio of the time re-
quired for the cutting
stroke to that of the
time required for the
return stroke being the
same as the ratio be-
tween the lengths of
arcs A and B. This
ratio is approximately
1-1/2 to 1. 1In other

words, it takes 1-1/2 Wy
times’as long to make. POSITION OF ‘ //////Q / POSITION OF
the cutting stroke as ‘ ////// CRANK PIN AT START

return stroke. Refer UTTING STROKE OF CUTTING STROKE

it does to make the NK PIN AT END of / /
’ s s . / OF
to Description of AND AT START OF B AND AT END
Speeds and Feeds, page RETURN STROKE // ” % RETURN STROKE
293, . . /////////////m/ _ Z.,
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DESCRIPTION OF STROKE-ADJUSTING MECHANISM

Since the jobs performed in the shaper vary consider-
ably in length, it would be impractical to use a ma-
chine with a single, fixed length of ram stroke., The
ram stroke, therefore, has been made adjustable to fa-
cilitate shaping both long and short work. This is
accomplished by moving the crank pin A (Figs., 21 and 22)
toward or away from the center of the bull wheel,

since the crank pin governs the movement of the rocker
arm and consequently the length of the ram stroke,

For this reason the crank pin has been mounted in a
movable crank block B, threaded to receive the adjust-
ing screw C, as shown in Fig. 21. The crank block
together with the crank pin may be adjusted in the

slide D on the face of the bull wheel by turning the

adjusting screw C. In this way the position of the
crank pin, and its relation to the center of the bull
wheel, may be varied from "on center;" when no ram
movement occurs as the bull wheel turns, to one at
the end of the slide D, a position of the crank pin
which causes the ram to travel through its maximum
stroke.

Since it 1s desirable to adjust the ram stroke from a
point- outside the shaper, a stroke-adjusting shaft F
Fig. 22) hes been extended through the center of the
bull wheel to a point where its inner end connects
with the adjusting serew C through bevel gears shown.
at E. The outer end of this shaft, which protrudes
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The outer end of the stroke-adjusting shaft is al-
so provided with a means for locking it in place
so that it will not turn and change the length of
the stroke once it has been set. Various devices
are used for this purpose, the threaded clamping
nut perhaps being the most common (Fig. 22),

This nut has been displaced on many of the newer
shapers, however, by a clamping device which au-
tomatically fulfills the purpose of the old-type
clamping nut, The newer clamping units have
been so designed that freeing of the clamping
device occurs coincidentally with placing of the
crank on the squared end of the stroke-adjusting
shaft, and clamping takes place automatically
when the crank is withdrawn from the shaft.

For additional convenience in setting the length
of the ram stroke, the shaper has been equipped
with an index plate and a pointer or a dial and
a pointer., The pointer moves along its adjacent
scale when the stroke-adjusting shaft is turned
(Fig. 23). The highest number to which the
pointer advances indicates in inches the length
of the stroke for which the machine has been
set, A type of index plate and pointer used
with older designs of shapers has been describ-
ed on page 13 in connection with the description
of the ram..

A description of the parts necessary for placing
the stroke so that the travel of the tool covers
the surface to be shaped, has been included with
that of the ram on page 12.

DESCRIPTION OF THE MECHANISM FOR CHANGING SPEEDS

The speed of the shaper is usually associated with the number of
cutting strokes the ram makes in a minute, and is determined by the
speed, or the number of revolutions per minute, of the driving gear
or bull wheel., Variations in the length of stroke, differences in
the consistency of the material being cut, and difficulties encount-
ered in the performance of certain operations, require that the
speed of the shaper be adjustable. There are several different ways
in which the speed of the machine may be changed, the method used
depending on the type of drive mechanism employed on the machine,
The simplest among these is the cone-pulley drive. The speeds are
varied by shifting the belt from one step on the pulley to another
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of a different size, the number of speed
changes possible being limited to the num-
ber of steps on the pulley. (Refer to Fig.
24),

All but the smallest cone-driven shapers,
however, have been provided with back gears
inside the column, making an additional
series of speeds available and thereby
doubling the range of speeds. The back
gears may be engaged and disengaged by
means of a lever outside the column,

The double row of numbers on the plate above
the cone pulley, when used in conjunction
with the length of ram stroke, will assure
an approximately correct cutting speed. Ar-
rows on the upper end of this plate indicate the position the back-
gear lever should occupy (toward or away from the column); the loca-
tion of the number which corresponds with the length of the ram
stroke in inches, indicates the step on the cone which the belt
should occupy.

Instead of having a cone pulley, some shapers come equipped with a
single constant-speed pulley and a sliding-gear transmission where-
by the necessary speed changes may be obtained. In this design the
gears may be placed entirely within the column or in an overhanging
gear box attached to the column of the machine. The gears are
placed between the drive pulley and the gearing which connects with
the main drive gear. ‘ _

The power may be supplied to the drive pulley on the transmission
from an overhead countershaft, In another design, an individual
motor, mounted at the rear of the machine and connected with the

transmission either by belting or by a series of
gears, may be used for this purpose.

A clutch is generally used in connection with
these drives to facilitate starting and stopping
the shaper without recourse to the button used
for starting and stopping the motor. Most
shapers are provided with a brake for quick-
ly stopping the ram after the clutch has been
disengaged.

The different speeds are obtained by ar-
ranging the gears in the transmission in
varied combinations by means of levers con-
nected with the gears and extending to the
operator's position on the right side of
the column., Eight speeds are usually pro-
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vided. They are available in two series of four each., An index
plate (Fig. 25) attached to the gear box indicates the number of
strokes per minute for each position of the handles used for shift-
ing the gears.

DESCRIPTION OF THE FEED MECHANISM ON A CONE-DRIVEN SHAPER

Although the feed mechanism on nearly every make of shaper differs
somewhat from that on every other make, there are certain general
principles underlying the construction and operation of all of them.
An understanding of the general principles involved, plus a know-

. ledge of the details wherein several of the mechanisms differ, should
provide a basis for analyzing variations in construction even though
they have not been explained here.

On most shapers the automatic feed may be applied only for moving the
table on the rail, but on some shapers both the cross-~-feed screw and
the elevating screw are connected with the automatic feed mechanism,
This design provides vertical as well as cross feeding of the table
by means of power. The cross-feed mechanism operates once for each
cutting stroke of the ram.

All but the more recent models of shapers were so designed that they
could be made to feed at either one end of the ram stroke or the
other. Newer machines, however, have been so arranged that the feed
is confined to the return stroke; but on all of them the feed may be
disengaged or thrown out of gear and the feeding done by hand where
required (Fig. 26).

Fig. 7 illustrates the position of the table feed screw in the

cross rail and shows the nut used to move the table. Since the screw
cannot move endwise, it must be apparent that the nut into which the
feed screw is threaded and which is attached to the worktable, or to
the saddle, feeds the table along the cross rail when the screw is
turned. The end of the feed screw has been squared in order that the
table may be fed by hand with a crank. Furthermore, a micrometer
collar has been attached to the feed screw adjacent to the square so
that the table movement may be measured in thousandths of an inch,
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On all shapers the amount of feed, that is,
the distance the table moves toward the tool
for each stroke of the ram, is determined by -
the part of a revolution which the screw is
caused to make by the feed mechanism, but
among the means used to turn the feed screw
automatically there is considerable variation.

Generally, the portion of the feed mechanism
which directly causes the feed screw to make
a partial turn after each stroke of the ran,
includes a ratchet wheel, a pawl, and an arm
which carries the pawl, a form of construc-
tion which induces intermittent motion in
one direction and avoids it in reverse

(Fig. 29).

The ratchet wheel is keyed to the feed
screw, or it may transmit its motion to the
feed screw through gears., The arm which
carries the pawl fits freely on the feed
screw, and, as the arm oscillates (swings
backward and forward) about the screw, the
plunger-type pawl which moves up and down in
the arm (Fig. 27), or the latch-type pawl
which pivots on the arm (Fig. 28), falls in-

] - to the space between the teeth on the ratchet
§§§§§§§§§§§§§§§§§§§§§§§§§§ wheel, and is held there by a small spring.

The pawl is made with one straight face and
one beveled edge. When the arm swings to the
left, the straight face of the pawl meets the
face of the ratchet tooth squarely, remains
in the slot, and partially rotates the rat-
chet wheel (and the screw). After completing
its swing to the left, the arm swings to the
right an equal distance. But during the
backward swing (to the right), the pawl is
forced out of the slots because of its bevel-
ed edge, and caused to pass over one or more
teeth of the ratchet wheel. The ratchet
wheel itself remains stationary until the arm
swings to the left again.

The movement of the arm which carries the pawl has been synchronized
(timed) with that of the ram; that is, the pawl, actuated by the arm,
moves the ratchet wheel and the feed screw during one stroke of the
ram (Fig. 29 A), preferably during the return stroke, and slides over
one or more teeth in the ratchet wheel during the forward stroke of
the ram (Fig. 29 B), getting ready in this way to feed the work to
the tool on the next return stroke.
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Since it is desirable to feed the work in either direction, the feed
mechanism has been so designed that the ratchet wheel may be rotated
in either direction simply by reversing the position of the pawl (Fig.
29 D). This brings the driving face (the straight face) of the
pawl against the opposite sides of the teeth on the ratchet wheel,
thus changing the direction of its rotation as the arm oscillates.

The latch-type shown in Fig., 28 is double-ended. When it occupies
the position indicated by the solid lines, the ratchet wheel will be
rotated intermittently in a counterclockwise direction, and vice

- versa when the pawl has been placed in the position shown by the dot-
ted lines, '

Normally, the plunger-type pawl (Fig. 29) is held in the spaces on
the ratchet wheel by a coil spring and when the pawl is in the po-
sition shown, movement of the pawl carrier causes the feed screw to
turn in a counterclockwise direction.

When the pawl is lifted by means of the knob and turned one-half rev-
olution, the ratchet wheel is caused to rotate intermittently in a
clockwise direction, since the driving face of the pawl engages the
opposite sides of the teeth. Obviously then, if the pawl is with-
drawn from engagement with the ratchet wheel and subsequently with-
held therefrom, the automatic feed will not operate, although the
pawl arm continues to oscillate (Fig. 29 C).

To position the pawl properly, that is, to align its driving face
with the teeth on the ratchet wheel when the feed is to be engaged
and also to prevent the pawl from engaging the ratchet wheel when
the automatic feed is not to be used, two slots have been cut into
the pawl arm on the surface adjoining the knob. Furthermore, the
knob has been made with projections, or lugs, on its underside to fit
these slots (Fig. 27).
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The deeper of the slots is cut parallel with the teeth on the ratchet
wheel; the other at right angles thereto. When the knob has been
turned to the position in which its projections may enter into the
deep slot, the driving face of the pawl has been aligned with the
teeth and the pawl is brought into engagement with the ratchet wheel
by the spring. (Refer to Fig. 29).

When the knob is lifted and turned one-fourth revolution, its pro-
Jections engage the shallower slot on the pawl carrier, 1In this po-
sition the pawl is held out of engagement with the ratchet wheel, and
consequently the feed is inoperative. (Refer to Fig. 29 C).

Obviously, the amount of feeding movement imparted to the feed screw
through action of the pawl on the ratchet wheel can be varied by in-
creasing or decreasing the oscillating movement of the pawl arm.

Any appreciable change in the length of its swing effects a corres-
ponding change in the number of teeth over which the pawl passes dur-
ing the backward movement of the arm, The ratchet wheel remains sta-

" tionary and the pawl assumes the position from which it will again
give the feed screw a partial turn at the moment when the direction
of the arm swing is reversed. ~

Two mechanical devices for regulating the amount of table feed are
shown herewlith; one is gear-drivem (Fig., 30), and the other is ac-
tuated by an eccentric (Fig. 31); both are connected with the rat-
chet gearing on the feed screw by a tie rod.

The device in Fig. 30 employs a slotted disc fitted with a slide
block which carries a crank pin for use with the tie rod. When knobdb

K has been loosened, the slide block may be moved toward the center
of the disc to decrease the feed—away from the center to increase

.
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The disc is turned continuously in one direction only, two connect-
ing gears being used for this purpose, one attached to the bull-
wheel shaft and the other mounted directly behind the disc and om
the same shaft., Since the gears are of equal size, the disc makes
one revolution for each revolution of the bull wheel and causes an
oscillating movement of the tie rod for each ram stroke.

In Fig. 31 only the mechanism used to impart oscillating movement
to the feed rocker arm (and to the tie rod) differs from that em-
ployed for this purpose in Fig. 30; for, even though an oscillat-
ing rocker arm A, instead of a revolving disc, has been employed,
the method used to vary the amount of feed remains quite similar,
The amount of feed may still be increased or decreased by shifting
the position of the crank pin in relation to the center of the feed
rocker arm.,

In Fig. 31 an eccentric revolving with the bull-
wheel shaft causes the connecting rod ¢ to move up
and down once for each revolution of the main drive
gear. Since the pin P extends into the lower end
of the connecting rod, it too moves up and down and
causes the rocker-arm shaft and the rocker arm at-
tached to its outer end to oscillate a fixed dis-
tance, An eccentric is only one of several devices
employed to cause oscillating movement of the feed
rocker arm.

A screw, threaded into one end of the tie rod, has

been added to the rocker arm in Fig. 32. This type

of construction permits the amount of feed to be

changed by simply turning the knob XK to move the

end of the tie rod toward or away from the center of the rocker arm,

DESCRIPTION OF THE BEVEL-GEAR FEFED REVERSE

The newer shapers have been so designed that the automatic feed al-
" ways operates during the return stroke of the ram. Older machines
are so arranged, however, that the feed can occur during either the
forward or the return stroke., On this type shaper the feed func-
tions during the forward stroke when the slide is moved in one di-
rection from the center of the feed rocker arm, and during the re-
turn stroke when the slide is moved in the opposite direction.

On modern shapers, a cam on the bull-wheel shaft, instead of an ec-
centric or gears, imparts oscillating movement to the pawl arm.

The ratchet gearing used on older machines for turning the feed
screw, and also for reversing its direction of rotation, has been
removed from its former location at the rail and combined with the
rest of the feed mechanism at the side of the column. The action
of the ratchet wheel and the pawl remains quite similar to that ex-
plained on page 25, The pawl, however, cannot be reversed, there
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being no need for this, inasmuch as the intermittent movement from
the feed mechanism is transmitted by means of a telescoping shaft
to a bevel gear-reversing unit at the rail (Fig. 33).

A reversing unit, similar to the one illus-
trated, has been used frequently in machine
construction where rotary motion in either

" direction is desirable. It comprises a
positive clutch A which is keyed to the
outer end of the feed screw between two
bevel gears B, The larger bevel gear ¢ on
the end of the telescoping shaft, rotates
these gears in opposite directions.

Although the bevel gears rotate intermit-
tently as long as the machine remains in
operation, the feed screw is caused to ro-
tate only when the clutch has been shifted
to the right or to the left and its inter-
locking teeth have been brought into en-
gagement with those on the end of one or
the other of the bevel gears.

Lever I provides control of the automatic table feed. Its position,
whether center, right, or left, indicates not only the position of
the clutch but also the direction in which the automatic feed will
move the table. In other words, the shaper is
‘said to have directional feed control, since the
table moves in the direction in which the lever has
been positioned.

Feed mechanisms of the type just described usually
include a direct-reading feed dial, or a scale,
and a feed selector (Fig. 34), For each position
of the feed selector, the dial immediately indi-
cates the amount of feed in thousandths of an inch
for each stroke of the ram.
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The number of different feeds obtainable on any

shaper, and their
range as well, var-
ies with the make
of the machine,
Usually, the amount
of feed changes
.010" when the feed
selector is moved
from one position
to the next on the
dial. Movement in
one direction in-
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creases the feed, and movement in the opposite direction decreases
it. '

Many shapers still in use are not equipped with a direct-reading dial.
On machines without this convenience, the pawl is usually adjusted so
as to move the ratchet wheel one or more teeth on the return stroke

of the ram, depending on the amount of feed desired., Then, even
though the machine has no direct-reading feed dial, the amount of feed
may be ascertained in thousandths of an inch by noting how far the mi-
crometer collar on the feed screw rotates after each cutting stroke.

DESCRIPTION OF POWER RAPID TRAVERSE

Some shapers are equipped with power rapid
traverse, designed to move the table automat-
ically in either direction on the cross rail
and at a fixed rate which is several times that
of the most rapid feed indicated on the feed
dial. In addition, some machines are so de-
signed that this mechanism may be used to move
the cross rail up and down on the column.

Its purpose is to bring the work into the
proper relationship with the tool as rapidly
as possible, using power supplied to the ma-
chine instead of using a handcrank (Fig. 35).

When the shaper includes rapid power traverse
as a regular part of its mechanism, this unit
has been built into the machine, This feature,
however, has sometimes been added to the shaper
without materially changing its former design.
Under these circumstances, the rapid power
traverse usually is comprised of an individual
motor attached to a unit which engages the

feed screw and turns it rapidly (Fig. 36).

Both types of quick traverse operate indepen-
dently of the rest of the shaper. This sup-

" plementary power unit is put into operation

by a lever or a button, usually on the opera-
tor's side of the machine, Its direction is
controlled by the levers used regularly for
engaging the automatic feed or by push buttons.,

DESCRIPTION OF THE OILING SYSTEM

Changes and improved designs in sheper construction
have been extended not only to the machine itself,
but also to the means used to assure an adequate sup-
ply of lubricating oil at all times to the parts most
likely to be affected by the greatest amount of wear.
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Transitiom of the shaper from a simple cone-driven machine to the
modern motor-driven machine tool has been accompanied by a gradual
change also in the method employed to supply its working parts with
0oil, so that from a shaper requiring hand lubrication throughout,
it has gradually evolved to one in which many of the bearing sur-
faces are now automatically oiled. (Refer to page 52.)

This has changed oiling from a function performed more or less reg-

ularly by the operator to one performed in a consistent manner by a

pressure-lubricating system, and has resulted in placing emphasis

on maintaining the oiling system in proper working order rather than
on the actual application of the lubricant to the machine part.

Nearly all modern shapers employ a complete circulating pressure
system for automatically and continuously supplying oil to each of
the important moving parts., Since it would be impractieal to ex-
tend tubes to all places requiring oil, the more accessible parts
and places which do not require a continual supply must still be
oiled by the operator (Fig. 37). ‘

Because there are variations in the design of the different makes

of shapers, it is impossible to describe exactly or locate pre-

c¢isely all the various points which require oil to be supplied by
one method or another. Parts on differ-
ent makes of shapers, however, which per-
form the same function, seldom differ to
the extent that all similarity disappears.
For this reason the operator should be
able to recognize the part and lubricate
it properly even though the identical
one has not been described.

Either a gear chamber in the column or a
space in the base of the machine under the
column acts as an o0il reservoir. The
spaces used for this purpose are practi-
cally air-tight, and, consequently, dust
and grit are almost entirely excluded
therefrom., The reservoir, regardless of
its location, is usually equipped with a
sight gage to show the 01l level within,

A pump, usually of the geared or plunger
type, and driven from the constant-speed -
drive, pumps oil from the reservoir and
forces it through tubes which lead di-
rectly to the points which require lu-
brication. Some lubricating systems in-
clude a glass-covered flow gage wherein

a continuous thin stream of oil remains
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Xﬁgi:;gtggi%giz%e5g??p continues to cireulate o0il through §§§§§§§§§§§§§§&

In a variation of the system described above, the pump,
instead of forcing oil to bearings directly, pumps oil
to a sight-feed distributing station located on the top
of the column. This acts as a central distributing
point from which the oil feeds to individual tubes lead-
ing to the important parts of the shaper, including the
bull-wheel bearing, the drive pinion, the feed mech-
anism, the ram bearings, the rocker-arm assembly, the

transmission, and the cross rail (Fig. 37). \\\
&

.

e

_
From the distributing station in which the continuous w\xx
circulation from the reservoir may be constantly observed, FI16.36

the o0il flows to the various parts of the machine and

then returns to the reservoir, In order that foreign material picked

up in its circulation may settle out before it passes to the supply
reservoir, the oil may be returned to an adjoining settling tank,

rather than directly to the reservoir.

As an additional precaution against the entrance of foreign material

into the lubricating system, the oil may be drawn through a screened
enclosure in the reservoir before entering the pump, and then passed

through a filter on leaving it. '

Four pressure lines lead from the pump directly, or from the distri-
buting station (if one has been included in the system), and termi-
nate at reservoirs located at four corners of the ramway guides.
(Refer to page 52). The guide ways for the crank block and other
moving parts in the rocker arm, and usually the cross-rail unit also,
are lubricated in a si .ilar manner. The flat and round bearing sur-
faces have deep 0il grooves for distributing o0il uniformly. Some of
these bearing surfaces have beemn fitted with wipers for retaining
0il and for protecting the s»rfaces from dust and grit (Fig. 39).

The lubrication system for a hydraulic shaper does not require a

separate pump. It 1is usually connected with the hydraulic system
which operates the machine,
and utilizes oil from this

source for lubricating the

machine also.

A wide variety of devices
is used to convey oil to,
and simultaneously to ex-
clude dust and grit from,
bearings which have not
been connected with a cir-
culating oiling system.

FIG.39
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These bearings therefore must be lubricated
by the operator.

The bearings requiring this form of lubri-
cation obviously will be most numerous on
the older shapers which were not provided
with automatic oiling for any of their parts.
Among these bearings will be included those
within and about the column, which are auto-
matically oiled in the modern shaper

Usually several types and sizes of oilers
will be employed on a shaper for oiling and
protecting its bearings, their selection be-
ing governed by such pertinent factors as
the location of a particular bearing, the
amount of oil it requires, etec.

The devices used in connection with machine
lubrication have ranged all the way from
wooden plugs whittled to fit the holes and
intended to exclude chips, to semiautomatic
oilers which provide metered lubrication
within the limited capacity of the oiler.
Several types used more or less commonly on
the shaper have been illustrated in Fig, 40.
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DESCRIPTION~# HYDRAULIC SHRAPER e

(_OBJECTIVES OF UNIT )

l. To point out wherein the hydraulic shaper differs from the
crank shaper.

2. To describe parts and units which are common to the hydraulic
shaper and its hydraulic system.

3. To indicate the function of such parts and units.
INTRODUCTORY INFORMATION

Crank shapers and hydraulic shapers differ very little in their out-
ward appearance and in their general construction., The main differ-
ence lies in the means used to move the ram backward and forward.

The mechanism for actuating the ram on the crank shaper has been des-
scribed in the previous section; that used on the hydraulic shaper,
which operates on an entirely different principle, will be described
in this section. 1Its operation is based on Pascalt's law which, in
brief, states that a fluid confined to a pipe or other enclosure
will transmit applied pressure equally in all directions and to
every surface to which it extends.

In the hydraulic shaper the ram receives its reciprocating motion
from a piston which is moved backward and forward in a cylinder un-
der the ram by aflow of oil from an electrically driven pump. The
oil, under pressure, acts against opposite ends of the piston, alter-
nately, and causes the ram to reciprocate, since it is connected with

the piston, — STOT VAV — \\
Several valves, each ( wefoos / Taiet 006 \\
designed for a spe- ?? L §§§
cific purpose, form = § S §§§

a part of the hy-

draulic system used \§§§
\\\\\§\\\§\\\\%§t'\ \ \\\
\v . R

to operate and con-

trol the shaper.
operated.’ starts wnd .
SEops tho Shaper; >
i;popgiétggf igéﬁf ) §§§
lates the length of FLOW ~TONTROL -
f:iﬁi Qo Stro}ﬁe' e ovmuﬁx[?)o— RE LIEF N\ \\

R P s A s
automatic, controls \\\ §§
the volume and regu-

-

lIIIIIIIIIl ¢

Page 34 FIG.41 A




Machine Shop Practice ) UNIT 1-T52(A)
Trade Theory Series SHAPER WORK Beginner's Course

lates the pressure of the oil admitted to the hydraulic system. A
fourth valve not only automatically directs the flow of o0il to al-
ternate ends of the ram cylinder, but also directs it back to the
reservoir, Moreover, both the ram and the automatic feeding mech-
anisms operate hydraulically on shapers equipped with this type of
driving unit.

DESCRIPTION OF A HYDRAULIC UNIT

The hydraulic unit employed to drive a machine tool usually has been
supplied by a manufacturer who specializes in this type of equipment
and adapts it to ‘the requirements of a particular machine, such as a
metal shaper in this instance., The unit comprises a high-pressure
pump, usually electrically driven, for circulating the fluid, and
valves for controlling its pressure, its volume, and its direction
of flow,

It also includes pipes and fittings which connect these parts and
make of them a complete circuit wherein the fluid is drawn from the
reservoir, directed to the cylinder under pressure, and then re-
turned to its original source (in the reservoir) after the energy
it conveys has been exerted on the piston for such time as is re-
quired for the ram to complete its forward or return stroke.

The illustrations in Fig. 41 show how a simple hydraulic circuit
functions on a shaper. All pipes conveying fluid to the piston,

that is, all pipes carrying fluid under high pressure, have been

shown in black, whereas those which return the fluid to the reservoir
have been shown in gray; the arrows indicate the direction of the flow.

Illustration A indicates the course of the fluid during the forward
stroke of the ram. The

IAM c—1 PILOT VALVE = fluid drawn from the
' ( e 0oe TRIP 006 - tank by the pump, passes
= ) through the combination
flow-control and relief
PiSTON valve 4 and on to the

START directIonal-control
AND l | valve B, From here, it
STOP ! has been directed to the

right-hand end of the
cylinder, causing the
piston and the ram con-
nected thereto to move

NN \\<§ to the left. 4it the
FLOW - CONTROL same time, that is, as
AND X the piston moves to the
OVERLOAD - RELIEF A left, it expels fluid
A from the head-end of
the cylinder and returns
PUMﬁV it to the supply tank by
way of the directional-

control valve,
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Similarly, in Fig. 41 B, the pipes

shown in black depict the course of the

TRMMIN

=4

fluid during the return stroke of the
ram, Now, by means of the directional-
control valve, the fluid under high
pressure has been directed, not to the
right-hand end as before, but to the
left-hand end of the cylinder, thereby
reversing the direction of the piston
travel and causing the ram to move to
the right. As it is forced to the
right, the piston ejects the fluid from
this end of the c¢ylinder, causing it to
return to the tank.,

2

SHAPER NOT

Z

22020

When the shaper is stopped for one rea-
son or another, the pump, which is usu-
ally of the constant-delivery type,
continues to pump the usual volume of
oil. Since the oil is not now being
utilized to drive the shaper, it nmust
be disposed of in another manner. This
is a function of the flow-control valve (Fig. 42) which operates au-
tomatically in conjunction with the start-and-stop lever., This
valve opens wide, and the oil returns directly to the reservoir
instead of going to the ram cylinder as it does when the machine
is in operation,

AN RIS

Briefly, this explains how the hydraulic unit functions. The man-
nexr in which the individual parts or units perform their functions
will be explained in greater detail under their own headings.

DESCRIPTION OF THE PUMPS

The pump, whether driven electrically or by means of a belt, is
usually operated at a constant speed calculated to assure the de-
livery of fluid 1in sufficient volume and at sufficient pressure
to exceed slightly the maximum demands which may be imposed upon
it by the machine of which it has become a part.

Three types of pumps are used more or less commonly for this pur-
pose. They are the gear pump, the vane pump, and the plunger pump,
illustrated in Figs. 43 to 46, Each design has features and ad-
vantages which make its selection desirable, and each type is made
in sizes to fit various working conditions.

The gear pump and the vane pump are known as constant-delivery
pumps. As the name indicates, they will deliver a specified amount

of fluid at a constant pressure as long as thelr speeds remain con-
stant.

Since the output of these pumps, regulated by their speeds, has been
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calculated to equal or exceed slightly the maximum amount of fluid
they will be called upon to deliver during heavy operations and at
high machine speeds, it follows that for lighter operations and
slower speeds these pumps will deliver considerably more fluid than
is actually required. When this condition arises, a relief valve
connected to the hydraulic system automatically diverts the excess
fluid to the reservoir instead of to a pipe leading to the machine
drive.

In contrast with the constant-delivery pumps, the plunger pump of
the design shown in Fig. 46 permits the amount of fluid delivered
to the hydraulic system to be varied. This is accomplished, not
by changing its speed of rotation nor by diverting part of its
output by means of a relief valve, but rather by regulating the
amount of reciprocating movement imparted to its plungers.

‘A brief description of each type of pump follows. In design and

construction they vary considerably, but each will perform credit-
ably if used under conditions for which it has been designed.

THE GEARED PUMP

This is a type of rotary pump which em-
ploys gears with intermeshing teeth for
pumping the fluid, The construction of
this pump is simple, its only moving
parts being the gears. Although spur
gears have been used successfully in
these pumps, gears with helical teeth
result in quieter operation, especially
when rotating at the faster speeds re-
quired to maintain high pressure in the
hydraulic system.

In operation, the gears revolving in the
direction indicated by the arrows create
a partical vacuum in the space marked ¥V
in the gear case., The suction thus cre-
ated and the atmospheric pressure in the
0il reservoir force the fluid into the
pump chamber through the intake,

As the revolving gears pass the intake,
the fluid fills the spaces between the
teeth., The fluid, confined between the
outer pump casting and the spaces be-
tween the gear teeth, is then carried
to the opposite side of the pump cham-
ber and ejected at the outlet., The
volume of fluid pumped and the pressure
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at which it enters the hydraulic system, depend largely on the speed
of the gears.

Pumps of this design perform very satisfactorily when connected di-
rectly to an electric motor., When the pump speed resulting from
this type of drive is too fast, a speed-reduction unit may be used
between the motor and the pump.

THE VANE PUMP

The vane pump is also a rotary pump of the
constant-delivery type, but instead of gears

it employs a rotor equipped with vanes for
pumping the fluid. Its principle of opera-
tion 1s quite similar to that of

the geared pump, in that the vanes
create a partial vacuum in the

pump chamber, as do the gear teeth
in the geared pump. Similarly,

the spaces between the vanes, like
those between the teeth in the gear-
ed pump, confine the fluid and cause
it to be carried from the intake to
the exhaust port for ejection into.
the hydraulic system.

In design and operation, however,
the vane pump differs from the gear-
ed pump. The vane pump utilizes a

m—

_ _ rotor with slots in its periphery
?ZZV % ' 4 into which have been fitted vanes
;%zzé 4 which move radially, that is, vanes
/éééég ) which slide toward or away from the

center of the rotor during its ro-

o which, combined with the rotary mo-
tion of the rotor, is responsible for the functioning of the pump,
may be induced by various forms of pump construction. In Fig. 44,
for example, the pump chamber is round and the shaft and rotor have
been located off center for this purpose. The centrifugal force
set up by the revolving rotor and the pressure of the fluid within
the pump chamber cause the vanes to slide outward in their slots
and hug the surface of the pump chamber. Since the rotor is off
center and practically touches the pump body at point 4, the vanes
are forced into their slots when they are carried past this point.
Then, continuing its rotation in a counterclockwise direction from
A, each vane gradually emerges from its slot and in so doing en-
Targes the space B directly behind and thereby creates a suction
in this part of the pump chamber.
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For obvious reasons, the intake port has been located at this place
in the pump chamber also, and the fluid, having been forced into the
space between vanes by atmospheric pressure, is then carried around
the pump chamber by the vanes and expelled through the exhaust port.

The exhaust port is located opposite the intake port and in that sec-
tion of the pump chamber in which the action of the vane in its slot
1s the reverse of its action at the intake port; that 1s, instead of
moving out in its slot, the vane now begins to recede in its slot.
This movement, combined with its rotary movement toward point 4,
causes the space between the pump chamber and the rotor in which the
fluid has been trapped, to become smaller gradually, leaving the

fluid no alternative but to enter the exhaust port.

Fig. 45 illustrates a type of pump

used with the shaper shown on page . §§§5

33, This is another form of vane- \\\ \§§§\

pump construction wherein the rotor

is located centrally in the pump

chamber, instead of off center, and > '
the radlal movement of the vanes in
their slots 1s controlled by the con-
tour of the ring. Instead of being
round, the ring opening has been elon-
gated at points O to form two oppos-
ing pumping chambers.

[

The shape of the ring opening causes
the vanes to function twice for each \s\\
turn of the rotor. The vanes are \

forced into the slots at 1 and centri- \\\

Cugel forse, aad praseurs Seok o it - i
cad koep them in contact with the \\\\\\\\ )

The intake and discharge of fluid oc-
cur through ports in side-valve plate
bushings located on each side of the
pump chamber. The valve openings connect
with two intake and two exhaust ports, one
of each being required for each pump chamber,

These pumps function well when directly con-
nected to an electric motor. They rely on
valves to control the volume of the fluid
which is delivered to the ram cylinder when the entire output of the
pump, calculated to meet the maximum demand, is not required., The
alternate method, that of changing the speed of the pump as more
or less fluid is required, is usually impracticable.
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FIG.46

THE PLUNGER PUMP

Functioning of the plunger pump shown in Fig. 46
is dependent upon the reciprocating (in-and-out)
movement of the plungers or pistons in their cyl-
Although pumps of this type are made in
constant-delivery models also, one whose output
may be increased or decreased, or stopped entire-
ly while the pump is in motion, will be described.

Pumps of this kind are known as var-
iable-displacement pumps.

Fig. 46 shows the interior of such
a pump and indicates the relation-
ship one part bears to another when
the pump is in neutral, that is,
when the pump, even though it is in
motion, delivers no fluid. In this
position all parts are centrally
located around the shaft or pintle.

From the center shaft on out, the
parts are these: the cylinder,
which revolves on the stationary
pintle; the pistons, which revolve
with the cylinder; the reaction
ring, which forms an integral part
of the rotor and revolves as a unit;
and the slide block, which may be
moved to the left or to the right
within the pump casing.

With the pump in motion, and the
parts in the position shown in Fig.
46, the cylinder revolves about

the stationary pintle, and obviously carries the pistons around

with it.

As a result of the centrifugal force set up by the rapidly revol-
ving cylinder, the pistons move out radially and are forced into

continuous contact with the reaction ring.

At the same time, of

course, the reaction ring and the rotor are caused to revolve also.

Inasmuch as the reaction ring comes in contact with the piston on
one side of its conical head only H, each piston is given a slow

partial rotation in its bore, in one direction during one half of

the

revolution of the cylinder and a partial turn in the opposite di-
rection during the other half revolution.

In addition to the movements already imparted to the pistoms, ro-
tary by the cylinder and oscillating by the reaction ring, the
pistons must be given a reciprocating (in-and-out) movement in
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their cylinders if the pump is to deliver fluid.

In the pump illustrated, this is accomplished by moving the unit
comprised of the slide block, the rotor and the reaction ring from
its position on center, shown in Fig. 46, to its position to the
left of center, shown in Fig. 47, or to any intermediate position
between these settings. The handwheel in Fig. 46 controls the
movement of the slide block sideways.

Since the shaft or pintle is immovably located .in the center of the
pump casing, shifting the slide block to the left or to the right
brings the reaction ring closer to the cylinder on one side and
creates a proportionately larger opening on the opposite side. Then,
as the cylinder revolves, the pistons move out during one part of a
revolution and are forced into their cylinders during the other part.

During their rotation in the lower half of the revolution, the pis-
tons (1-4 in Fig. 47) move out of their cylinders progressively
farther, create a suction and draw fluld into their cylinders as
they pass over the openings in the underside of the pintle. This
fluld, coming from the intake, has been shown in gray. Arrows in-
dicate the direction of its flow. .

During their rotation in the upper half of the revolution, the pis-
tonsn%5-9 in Fig. 47) are forced into their cylinders gradually by
the reaction ring and discharge the fluld as they pass over open-
ings in the upper surface of the pintle., The fluid being discharged
(shown in black) is under high pressure.

Obviously then, the amount of fluid \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ \
o .

which a pump of this type delivers
is governed by the distance the re: §§§

action ring has been moved off cen-
ter, for this determines the dis-
tance each piston moves in its cyl-
inder and thus controls the amount
of fluid which 1s admitted to each
cylinder.

W//////////////////////
®

If the slide block and rotor unit
are moved to the right in the pump
case, the function of the pistons
during each half revolution of the
cylinder is reversed, and the pis-
tons (5-9) passing over the open-
ing in the upper surface of the
pintle, draw in fluid; those (1-4)
passing over the openings in the
lower surface of the pintle, dis-
charge fluid.

//////////////////////////

0

FIG.47
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DESCRIPTION OF THE VALVES

- Several valves employed to control the direction of the oil and to
regulate its pressure and volume after it leaves the pump, have
been described below. The valves have been named and their approx-
imate positions in a hydraulic system for a shaper have been indi-
cated in Figs. 41. These valves are of the plunger or piston type.

THE FLOW-CONTROL AND OVERLOAD-RELIEF VALVE

This is the first valve through which the
fluid passes after it leaves the pump. It
performs a dual function., First, as a relief
valve, 1t protects the hydraulic system from
overloads by limiting the maximum system
pressure, For the machine shown, a working
pressure of eight hundred pounds per square
inch has been recommended, and the valve has
been adjusted to open when the pressure de-

éf)
¢’%§§%:\\\\\ veloped in the system reaches this figure.
» ‘w Second, as an automatic flow-control valve,

it automatically selects from the fluid
coming from the pump that portion which will be allowed to enter
the hydraulic system, and that unneeded portion which will be
by-passed end returned to the reservoir directly.

In this shaper the speed-control dial (Fig. 48 ) has been made a
part of the volume-control valve, inasmuch as the speed of the ma-
chine depends upon the volume of fluid permitted

to act on the piston under the ram.

Lever L controls the volume adjustment of this valve,
and its position in relation to the speed-control
chart determines and indicates the cutting speed in
feet per minute of the ram. Movement of the lever to
the left reduces the volume of oil permitted to pass
to the ram cylinder and results in a corresponding
decrease 1in ram speed. Conversely, movement of the
lever to the right increases the speed of the ram

by increasing the flow of oil to its cylinder.

This valve operates to control the pressure and also
regulates the volume by by-passing excess fluid,
that is, by diverting fluid from the port it would
normally enter if needed, to another port which re-
turns it to the reservoir. :

THE START-AND-STOP VALVE

The start;and-stop valve (Fig. 49) is operated by
lever 1, which controls both starting and stopping
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of the shaper. The location of the valve on the shaper and the
position it occupies in the hydraulic system have been indicated
on the illustration in Figs. 41. This valve, manipulated by
lever 1, exercises control over the shaper by actuating and work-
ing in conjunction with the flow-control and overload-relief
valve to which it is connected with pipes.

With lever I, in its "Stop" position, pressure on one side of the
otherwise balanced control piston within the flow-control valve,
is dropped to atmospheric pressure by allowing fluid to flow back
through the start-and-stop valve and on to the tank, This causes
the overload-relief valve to open wide and allows the entire pump
delivery to discharge back to the reservoir at low pressure until
shifting of lever L to an operating position stops the escape of
fluid through the valve to which it is connected.

With lever L in one of its operating positions — either "Low" or
"High" — the flow-control valve, instead of diverting fluid, di-
rects it to the ram c¢ylinder in amounts automatically controlled

by the position of the speed-control lever on its adjacent speed-
control dial, as explained in the section above,

THE DIRECTIONAL-CONTROL OR REVERSE VALVE

The directional-control valve has been placed between the flow-con-

trol valve and the ram cylinder (Refer to Figs. 41 for its location
in the hydraulic system.) for the purpose of changing the direction

of the flow of o0il from one end to the other of the ram cylinder in

order to induce the ram to reciprocate, This

valve receives fluid from the flow-con-

trol valve where its volume, as deter-

mined by the position of the speed-con-

trol lever, and its pressure as well,

have been regulated automatically. :

This valve (Fig. 50), known as a

four-way valve, has four threaded

openings or ports which connect

with various members of the hydraulic

system by means of pipes. Port 1 at

the rear, used as an intake port only,

admits 01l from the pump; port 4, used

as an exhaust only, emits oil and re-

turns it to the reservoir; ports 2 and 3,

connected to the left- and right-hand ends of the ram cylinder, re-
spectively, serve in both capacities. For example, when port 2
serves as an intake port and port 3 serves as an exhaust (Fig. 51)
then the ram moves to the left, and when the functions of these
ports become reversed, then the ram moves to the right.

In Fig. 52, the piston within the valve has been moved to the
left. In this position the space between its lands forms a con-
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nection between the intake (port 1) and port 2 which now becomes an
exhaust port. Oilentering the valve chamber under high pressure
through.port 1 now leaves the valve through port 2, enters the ram
cylinder from the left and causes the ram to move to the right.

Furthermore, No. 3 now becomes an intake port, receiving oil forced
from the right-hand end of the ram cylinder and directing it through
channels C and D to exhaust port 4 to be returned to the reservoir.
This indicates The course of the oil through the valve during the
return stroke of the ram. - :

This valve, like most valves used in a hydraulic system, is of the
piston or plunger type, and although different makes of valves vary
somewhat in construction, all of them function in much the same man-
ner as the one described here, In the valve shown in Fig. 51 a
sliding piston of e¢ircular cross section controls the passage of oil
from the intake to a selected exhaust port by routing it through in-
terconnected channels or grooves within the valve chamber,

The piston, instead of being of one diameter throughout its entire
length, has been reduced somewhat in its center section to peramit a
connection between adjacent ports and channels, lands 1) and Lg
serving to block channels to which fluid should not be admitted.
For example, in Fig. 51, the piston has been moved to the right
within the valve chamber, With the piston in this position, oil
under pressure enters the valve chamber through channels connected
with port 1 in the rear, passes through the space between the lands
of the piston, goes on to the opening leading to port 9, and then
passes through pipes to the right-hand end of the ram cylinder,
causing the ram to move to the left. '

Meanwhile,0il draining from the left-hand end of the ram cylinder
enters the valve at port 2, and, because of land 1) on the piston,
must pass through channels A and B, and then to port 4 which is
connected with the reservoir. The 0il follows this course during
the cutting stroke of the ram,
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A

THE PILOT VALVE

The pilot valve, located under the ram, is
actually a small valve used to actuate the
larger reverse valve which controls the move-
ment of the ram. Although it may be operated
manually by shifting lever L whenever the ram
travel must be reversed quickly, it is usual-
ly operated mechanically by the two trip dogs
on the ram., These govern both the length of
the stroke and its position relative to the
work.

As they move back and forth with the ram, the .

trip dogs give a partiasl rotation to a pro-

jection on the pilot valve at alternate ends

of the ram stroke. This action releases a FIG.53
comparatively small amount of oil from one

side or the other of the piston in the reverse-valve chamber, caus-
ing the pressure to drop automatically., As a result of the unequal
pressure on one side, the piston is forced to change its position
relative to the valve ports which connect with the ram cylinder as
previously explained and illustrated.

The pilot valve exercises its control over the reverse valve by
means of four small pipes which connect it with the hydraulic sys-
tem: one to the high-pressure line A; one each B to the right and
left ends of the reverse valve to permit dropping the pressure

on one side or the other of its piston; and, finally, one C to the
reservolr to carry off the small amount of oil released from the
reverse valve. (Refer to Fig. 53.)

When the shaper is in operation, fluid whose pressure has been reg-
ulated by the setting of the relief valve and whose volume has been
determined by the position of the speed-control lever, passes from
the pump to the directional-control valve.

0il under high pressure leaves the directional-control valve, en-
ters one end of the ram cylinder and exerts its pressure on the ram
piston until the pilot valve, actuated by one of the trip dogs,
causes a reversal of the flow of oil through the directional-control
valve and a corresponding reversal in rem movement., O0il which has
spent its energy is in the meantime discharged from the ram cylinder
under low pressure and returned to the reservoir for recirculation,

DESCRIPTION OF THE POWER CROSS FEED

The power cross feed moves the table intermittently in a horizontal
direction at the beginning of each ram stroke. In the hydraulie
shaper a piston-type valve, operated by hydraulic pressure, actuates
the feed mechanism which in turn causes the cross-feed screw to
make a partial revolution for each stroke of the ram.
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Levers A and B, Fig. 54, control both<
P the automatic cross and vertical feeds,
i The beveled edge on lever B, called the

p FEE
/: DJUSTING
’,%%%%%7’ selector, bears the words "Cross" and
"Vertical." They refer to the feed
which may be selected by moving lever
B in one direction or the other from

Tts "off" position.

The beveled edge of lever A, kmown as
the directional-control lever, bears
the words "Forward" and"Reverse," al-
luding to the direction of the cross
feed for the table. Lever 4 also
bears the words "Up" and "Down," re-
ferring to the vertical power traverse
of the cross rail on the column.

J%/Zéé//;//// The handwheel C is turned to obtain the

HANbVEQHCALF&D amount of feed desired for each stroke

T M ey e e o e mioroncier

FiG.54

DESCRIPTION OF POWER RAPID TRAVERSE

An electric motor mounted on the back of the ecross rail on the
operator's side of the shaper, furnishes the power for rapid
traverse of the table,

The operation of rapid traversing is much the same as the oper-
ation of the regular feed, but there is one important exception. In
addition to the cross power traverse, vertical power traverse is
also available, In other words, the reverse lever A, Fig. 54,
determines the direction (toward or away from the operator) of

the horizontal traverse; likewise, it determines the direction

(up or down) of the vertical traverse., The position of selector
lever B determines whether the movement of the table is to be hori-
zontal or vertical, depending on whether the word "Cross" or "Ver-
tical" on the hub of the lever is moved to the reference mark,

Push button E controls the motor for power rapid traverse. The
table will continue to traverse in the direction previously set
while the push button is depressed. Traverse will stop immedi-
ately when pressure on the button is released.

When a change in the direction of the rapid traverse is desired,
the traverse motor must be stopped before  the reverse lever is
shifted to the direction desired. This latter precaution must
be carefully observed. If it is not observed, the reverse
clutch may be damaged.
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HOW TO OIL THE SHRAPER
(OBJECTIVES OF UNIT )

l. To make clear the reasons for oiling a shaper.

2. To give an understanding of how and how often to oil a shaper.
3. To explain how to maintain a circulating oiling system.
| INTRODUCTORY INFORMATION

The manufacturer of machinery goes to considerable length to pro-
duce smooth and nearly fricticnless surfaces on all working parts
of the shaper, and fits them together with such exactness that
they will function smoothly and make possible the production of
accurate work when the shaper is operated in a skillful manner,

Smooth surfaces which move over one another, however, will not re-
main in this condition very long if they are not separated with a
film of lubricating oil. Neither will the ease of movement be-
tween surfaces be continued in the absence of lubrication. Instead,
the surfaces will wear rapidly and become scored, and the effort
required to operate the shaper will be increased considerably.

It obviously becomes necessary to keep a film of oil constantly on
both flat and round bearing surfaces. To accomplish this, various
means have been used, Some of these are entirely manual; others
are partially manual and partially automatic.

Regular care and attention must be given whichever method is em-
ployed, for the presence of an oiler alone is no assurance that
the bearing to which it leads will receive o0il. It may be empty

- or clogged, and elther of these conditions alone will result in
a dry bearing.

To lubricate a machine properly, the operator must be aware that
every revolving shaft has a bearing which must receive oil and
that flat surfaces moving over one
another must be lubricated also, When
starting work on a shaper with which he
is unfamiliar, the operator, therefore,
should locate all the various bearing
surfaces, If the bearings are hand oil-
ed, he must determine the location of
the 0il holes for these bearings and
make certain that they are kept well
oiled at all times; if they are auto-
matically oiled, continuous circulation

of 0il must be maintained, and the en-
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tire circulatory oil system must receive regular attention to as-
sure its functioning in an efficient manner,

Pressure and hand oiling systems are seldom used exclusively for
all parts aof the shaper, but are frequently supplemented by cascade
oiling of the transmission gears and splash oiling of some parts
within the column,

TOOLS AND EQUIPMENT

Shaper Wiping Cloth Brush
0il Cans Screw Driver Wrenches
PROCEDURE

Follow implicitly the directions given on the lubrication
chart supplied by the shaper manufacturer, if it is available,
This will assure each bearing surface the regular applica-
tion of the correct quantity and quality of lubricant.

Follow the directions given
hereafter (page 52), if a lu-
brication chart is not avail-
able so that the shaper will be
lubricated with equal assurance,
regardless of the method (manu-
al or automatic) used to lubri-
cate the machine.

Decide qﬁestions as to the ad-

visability of oiling an unfa-

miliar type of construction which has been in-
cluded on neither the manufacturerts chart nor
in the 1list below, on the basis of statements

set forth in the section on the opposing page.

NOTE: Although relieved of some of his oliling du-

tles when the shaper has an automatic oiling
system, the operatort's duties do not diminish, for
he assumes responsibilities pertaining to the main-
tenance of the system, such as those which follow.

Give the circulatory oiling systemthe following
routine daily checkup.

a, Check the oil -level in the reservoir by con-
sulting the sight gage connected thereto, or,
if a gage has not been used, by removing the
£ill and level plug in the reservoir,
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b,

Clean the area surrounding the plug before removing it, in
order to prevent the entrance of foreign material to the
reservoir.,

Add, if needed, enough clean oil of a viscosity recommended
by the manufacturer to maintain the proper oil level in the
reservoir according to the line on the sight-gage glass; or
£ill the reservoir to the bottom of the plug, if the gage
has been omitted from the system.

Tighten the plug securely to avoid oil leakage, and imme-
diately wipe up o0il spilt on the machine to prevent its
flowing onto the floor or to preclude its collecting dust,

Check the operation of the pump and the circulation of oil
by starting the main drive motor, but with the starting
clutch disengaged

NOTE: Because of differences in construction, it may be

necessary on some shapers to engage the clutch in
order to set the pump in operation. In this type of con-
struction, however, the speed-change
lever should be in neutral; then the ram
will not be set in motioen.

f., Allow the motor to run while checking the
flow of o0il through the flow gage and in
every sight oiler on the machine.

g. ©Stop the motor if for any reason oil is
not visible in the flow gage or the sight
oilers, and report this condition to .your
instructor immediately.

h, Start the machine, but only after it has
been set for a slow ram speed and only
after making certain that the ram and the

. tool will clear (not strike) the work in
the machine, This is done for the pur-
pose of distributing oil uniformly over
the working surfaces before beginning
actual machining operations.

m If this is the operator's
first experience with the
shaper, or if he is doubtful of the speed
and ram setting, he should seek the as-
sistance of his instructor before setting
the machine in motion. (Refer to pages

57 to 59.)
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NOTE: It is a good practice to service the

i. Keep tﬁe faces of gages and oilers clean and in good re-
pair, replacing any which become damaged.

Follow the directions given below for changing the oil in a
circulatory system.

NOTE: The lubricating oil must be changed oftener than indi-

cated below if the shaper operates in surroundings
which are unusually dusty, or if the shaper is used for ma-
chining operations which are very severe.

a., Drain the oil from the reservoir ét least twice yearly,
oftener if discoloration or thinning
out makes this advisable.

b. Examine the condition of the filter
(if one has been used), and ¢lean it
if necessary.

filter whenever the o0il in the reser-
voir has been changed. This may require
nothing more than turning a handle to clean
the filter plates in some types; in others
it may require the replacement of a felt pad
which has become loaded with foreign mater-
ials removed from the oil, Although the use
of a filter may extend the interval between
0il changes somewhat, it will not eliminate
the need for changes altogether. Discoloration from dirt and
thinning out from extended use still make periodic changes a
requirement of good lubrication.

c. Remove.all sediment which has been removed from the oil
and has accumulated in the reservoir; then flush the res-
ervoir with kerosene.

d. Securely close the opening used for draining the reser-
voir so that oil can not leak from this openlng.

e. Fill the reservoir to the proper level
(Refer to 4c on page 50.) with clean oil
of the viscosity recommended by the
shaper manufacturer. S.A.E. 30 refers
to a medium grade of oil.

Examine occasionally the felt wipers used on
the machine. If they have become loaded with
dirt and metal particles, wash them in gaso-
line, allowing them to dry thoroughly before
replac1ng them.
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CIRCULATORY PRESSURE LUBRICATION

o\(f' ' -E”’:’/“’\Z

@ SERIAL NUMBER _ »
D ﬂ4 ULL—\VHEEL

’ﬂ o BEARING

> , |\ n¥p:* ' OIL ACCORDING TO
MOTOR INSTRUCTIONS

Q@

, @

:
[FILL AND LEVEL PLUG | PUMP ,

| - ==

FIG.55

AUTOMATIC SELF CLEANING“FILTER

NOTE: All places on a shaper, which must be lubricated in one
way or another, have been located and numbered on the
oiling chart shown above., In addition, corresponding numbers
precede the directions for oiling these places, and,further-
more, the numbers for those places which are usually oiled auto-
matically have been enclosed in a square instead of a circle,

m Do not oil any part of the shaper while it is

in motion, and, as an extra precaution against
accidents, do not have the main drive motor in operation either.

1. Apply a drop or two of oil to the oil hole leading to the hinge
pin, and to the sides of the tool block which it supports.

2. 0il the down-feed screw and the bearing in the top of the tool
slide in which it turns.
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4.

8.

9.

10.
11.

12.

13.

14.

15.

16.

17,

Raise the tool slide, wipe its dovetailed surfaces clean; then
apply a small amount of oil, distributing it evenly over the
surfaces with the fingers.

Apply a small quantity of o0il to the back face of- the swivel
block when it becomes necessary to change its position.

Lubricate the front bearing of the ram adjusting screw,

0il the ram-adjusting screw (through the slot) and also its
rear bearing., -

0il the guide ways on both sides of the ram after first wip-
ing them with a clean cloth, if felt wipers have not been pro-
vided for this purpose.

Lubricate the main drive-shaft bearings in both sides of the
column,

Fill the oiler for the bull-wheel bearing. Since this is a
large bearing, it is frequently equipped with a sight oiler

‘which provides metered lubrication.

0il the bearings on both ends of the feed shaft.

Supply a small amount of soft grease to the feed reverse gears
within the front end of the gear case, and also to the feed
mechanism in the rear case.

Wipe the top, the front, and the bottom surfaces on one end
of the cross rail; apply oil thereto and distribute it with
the fingers; then, by turning the handecrank, move the saddle
to the end just oiled and repeat the cleaning and the oiling
for the other end of the cross rail. . '

Lubricate the threads on the cross-feed screw and its bear-
ing in each end of the cross rail in which it turns.,

Wipe chips and dirt from the surface on which the table sup-
port slides; then apply oil thereto. (Refer to page 1ll also.)

Thoroughly clean the vertical bearing surfaces on the column;
then apply a small amount of o0il and spread it uniformly with
the fingers before raising or lowering the cross rail.

Clean and oil the elevating screw, and, if it rotates in a
bearing in the base of the machine, apply a few drops here
also.

Apply a few drops of o0il to the front and rear vise-screw
bearings and to the vise screw as well,
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18. Maintain the oil et the correct level in the wells which sup-~
Ply oill to the sleeve-type motor bearings, or inject a small
amount of soft grease less often if the bearings are of the
ball or roller type.

19. 011 the places where the gear shift and clutch levers emerge
from the transmission and column. (These places are not
shown in Fig. 55.)

(J«]IRg]r]')] The following parts are within the column and
may be oiled only through an opening in the

left side of the column, A door or a removable hand-hole cov-
er is usually provided for this opening, and, although it is
wise always to have the machine shut off during oiling, it 1is
imperative now that not only the machine but also the motor be
shut off if accidents are to be prevented. In a shaper with a
circulating system, these parts would be automatically oiled.

20. O0il the pins in the links which connect the rocker arm with
the nut on the ram-adjusting screw.

21. ©Saturate with o0il the felt pad which is usually plaéed in the
pocket of the slide block. Its purpose is to keep the crank
pin lubricated.

22. Place a few drops of o0il on the parts which comprise the
stroke-adjusting assembly: the screw, the gears, and the
slide on the bull wheel.

23. Spread oil uniformly over the slide-block bearing surfaces in
; the rocker-arm slot. ‘

24, 0il the rocker-arm shaft on which the arm pivots.

m Replace the hand-hole cover for the opening to
the column as soon as the oiling within has

been completed. -

SAFETY PRECAUTIONS FOR OILING THE SHAPER

Do not oill the shaper when it is in operation.

Do not fool around the machine while it is being oiled.
Avoid leaning again the machine; it may result in acci-
dental starting.

Wipe all excess oil from surfaces near oiling places on
the machine and wipe up any o0il spilled on the floor.
Remove oily waste to a covered receptacle to eliminate
a fire hazard.

Use an o0il can with a bent spout and place it where it
can cause no personal injury.
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HOW TO OPERATE =~~~ CARE 5~ %< SHAPER e
(_OBJECTIVES OF UNIT )

l. To become familiar with the operation points on the shaper, -

2, To show how to use the éontrols on the shaper,

3. To show how to care for the shaper and its accessories, -

INTRODUCTORY INFORMATION

Skillful operation of the shaper depends to

a considerable extent upon the ability of

the operator to control the movements of the

various parts of the machine with certainty.
Familiarity with the controls plays an im- N
portant part in developing this ability. .
For this reason, and for the additional rea- .
son of safety, it is important for the oper-

ator to become familiar with both the hand

and the automatic controls early in his ex-

perience so that he may know exactly what

action of the mechanism will result when

each button is pressed and when the various

levers and handles are manipulated.

The operation points, located on the right

side of the shaper where they are accessible

to the operator without his moving from the

usual operating position, include levers for

starting and stopping the shaper, for changing the speed and the

position of the ram, for controlling the direction of the feeds,

and, on shapers provided with rapid power traverse, a lever or a

push button for engaging this mechanism also., , )

Closely associated with the skillful operation of the shaper are
its proper use and care. ZExperience proves that attention to
these factors aids materially in extending the period during
which the shaper retains its original accuracy and ease of oper-
ation. Procedures which will assure these results will be recom-
mended in this section.

TOOLS AND EQUIPMENT

Crank or Hydraulic Shaper
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PROCEDURE S s
HOW_TO START AND STOP THE CRANK o HANGER Jeecaie SHIFTING |

Several common types of drives are
employed on the shaper, and, conse-
quently, the particular type of
drive determines the means used for
starting and stopping the machine.

TIGHT [
PULLEY [

J [ s TERCS L g

The cone-driven shaper, for example,
usually receives its power from an

overhead countershaft equipped with
two identical pulleys. One is i
known as a tight pulley, since it i
is keyed to the countershaft and is

used to drive the upper cone pulley;
the other, known as & loose pulley,

revolves without turning the countershaft and serves
only to retain the belt when the shaper is not in

" operation.

SHIPPERE ‘ :
e & Loose |

Hpuierf. 0 une sun”

TO SHAPER

To start the machine, the belt is shifted from the
loose pulley onto the tight pulley by a fork whose o
movement is controlled by means of the shipper han- i :
dle extending down from the countershaft to a posi- . Sﬂgﬁﬁﬁiﬁfﬂﬁ 7
tion within reach of the operator. The shipper
handle should be moved over deliberately so as to
allow the belt to move onto the tight pulley slowly
and thus bring the machine up to speed gradually.

To stop the shaper, the belt is again shifted to
the loose pulley. The width of the drive pulley on
the line shaft must be equivalent to the combined
width of the tight and loose pulleys, for the belt
utilizes one side of the face on the drive pulley

when it is guided onto the loose pulley and the ¢ sﬂuﬁ'aecho .
other side when it is guided onto the tight pulley. LOOSE PULLEY [
Hurried starting of the shaper should be avoided, e

for it produces two undesirable results: belt slippage and the FIG.56

noise which invariably accompanies it., Both can be avoided by
starting the shaper without undue haste.

Such deliberation in shifting, however, is unnecessary when the
machine is being stopped, since at this time the belt is simply
guided onto the loose pulley; in contrast, when the machine is
being started, parts having considerable weight must be set in
motion, and this cannot be done instantly.
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e Instead of a cone pulley, some shapers employ a
' “ single step pulley for driving the machine. This

[/ single pulley may be driven from a line shaft,or

5 from a countershaft directly above the shaper; or,
in an arrangement known as direct drive, by a con-
stant-speed electric motor which is usually locat-
ed at the rear of the shaper and frequently on an
extension of the base casting.

25

(2
#‘L’!:
e
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Motion is transmitted from

CRANK GEAR

BACK GEAR
DOUBLES THE
NUMBER OF

<— PINION L

the single pulley to the
mechanism which actuates
the ram by a series of
gears. The number of 4if-
ferent combinations in
which these gears can be
arranged within the gear
box by means of an exter-
nal lever, determines tlie
number of speed changes

possible for the series.,

A clutch on the main drive
shaft permits starting and
N\ stopping the shaper inde-
N [ 4NN pendently of the motor,

= This is accomplished by a
short movement of a lever
which extends from the
clutch to a place easily

» accessible from the oper-
ator's usual position, Shifting the clutch lever in one direction
engages the clutch and starts the shaper; shifting it in the oppo-
site direction disengages the clutch and stops the ram at any part
of its stroke. (Refer to Fig. 57.)

AN
g (ﬁ)
AUTOMATIC
BRAKE

SLIDING GEARS
4 spPeEEDS
FI1G.57 .

ORIVE PQLL

liost shapers uéing a single-pulley drive are provided with a brake,
also located on the main drive shaft and on the end opposite the
clutch, to permit almost instantaneous stopping.

On some shapers, application of the brake is automatic, occurring
coincidentally with the disengagement of the clutch; on others,

the brake is applied by a slight pull on the clutch lever after the
clutch has been disengaged.

HOW TO START »ND STOP THE HYDRAULIC SHAPER

A single lever is mounted on the right side of the column for con-
Trolling both the starting and the stopping of the shaper. Another

lever, which is interconnected with the one on the right side, per-
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mits control of the machine from the left side
when this is necessary. Before either of these
levers can function for starting, however, it is
necessary to start the electric motor which oper-
ates the pump for the hydraulic system.,

In addition to "Stop" which appears at the index
line when the machine is at rest, the words "Low"
and "High" also appear on the hub of the starting
lever. They refer to the series of low speeds and
the series of high speeds indicated on the speed-
. index plate (page 94) which are made available
when the lever has been shifted to one of the po-
sitions designated on its hub. (Refer to Fig. 49.)

Moving lever L to the left so that it assumes an
approximately vertical position, places the word
"Low" adjacent to the reference line and starts
the ram moving in the low-speed range.

Movement of the lever beyond this point is limited .~
by a spring pin attached to knob K and engaged in '
a slot under the hub of the lever, A light pull

on knob K, however, together with a turn of approx--
imately T80°, withholds the spring pin from the
slot which 1limits its movement. Consequently, the
starting lever can now be moved farther to the

left and the word "High" placed adjacent to the
reference mark. This puts the ram into the high-
speed range of movement., To stop the ram, this
lever is shifted toward the rear of the machine to
a position where "Stop" appears opposite the refer-
ence mark. To stop the electric motor which drives
the hydraulic pump, it is necessary merely to push
its control button. (Refer to Fig. 54.

HOY TO CONTROL HOVEMENT OF THE TABLE
ON_THE CRANK SHAPER

Crosswise movement (horizontal) of the table in
elther direction over the cross rail is obtained
by turning the hand crank on the end of the cross-
feed screw in one direction or another. Clockwise
rotation of the crank, which is furnished with the
machine, moves the table away from the operator,
and, conversely, counterclockwise rotation moves
the table toward the operator.

Automatic movement of the table (automatic feed)
in a crosswise direction is controlled by a lever or a
knob located on the cross-rail unit, The feed is engag-
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= ed, disengaged, and reversed by changing the po-
e sition of the knob or lever. The manner in which
ng}'.f.'gn'ﬁoffé? this is accomplished on the cone-driven shaper
":'ABLE AAY FROM has been fully explained on pages 23 to 27.
OPERATOR 3 On the modern shaper which uses a bevel-gear re-
T 1 S : verse mechanism similar to the one shown on page
— 28, the table moves in the direction in which
the feed lever has been moved. Setting this lev-
er away from the machine, feeds the table toward
the operator. Setting the lever in the opposite
direction, feeds the table away from the operator.
The feed 1s disengaged by setting the lever in the
midway position. The shaper is said to have di-
rectional control when the table feeds in the di-
rection in which the feed lever has been moved.

The amount of feed per stroke or, in other words,
the distance the table moves over for each stroke
of the ram, may be regulated on all shapers, but
in various ways, several of which have been ex-

LEVER IN THIS
POSITION MOVES
TABLE 70WARD

OPERATOR plained on pages 23 to 28. The location of the

mechanism used for regulating the amount of feed
is approximately that of the one shown in Fig. <6.

Vertical movement of the table (up or down) on

the face of the column is secured by turning the
elevating shaft in one direction or another by
means of a hand crank placed on its end. The el-
evating shaft protrudes from one side or the other
of the cross rail, just below the cross-feed screw.
The detailed instructions on page 77 should be
followed when the table must be moved vertically.

HOW TO CONTROL MOVELENT OF THE TABLE ON
THE HYDRAULIC SHAPLR

The table on the hydraulic shaper, like the one on the crank shaper,
may be fed by hand in either horizontal direction by turning the
hand crank on the end of the cross-feed screw in one direction or
the other. ' .

The cross rail, too, may be moved by hand in either vertical direc-
tion, to raise or lower the table, by placing the handcrank on the

elevating shaft and turning it in whichever direction will produce

the desired vertical movement of the cross rail on the column.

A somewhat different method, however, is employed for engaging the
automatic cross feed on the hydraulic shaper shown on page 33,

from those methods used for this purpose on any of the crank shapers
whose feeding mechanisms have been described on pages 25 to 28,
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The location of the feed levers on the hydraulic shaper and their
placement for engaging and disengaging the cross feed, have been in-
dicated in the 1llustration on page 46, Detalled instructions for
applying the feed and for regulating the amount of feed per stroke,
accompany the illustrations on pages 95 and 96, '

HOW TO OPERATE THE RAPID POWER TRAVERSE -ON THE CRANK SHAPER

Rapid power traverse has been described on page 29, Its opera-
tion is controlled by a lever on the operator's side of the shaper
when the rapid-power traverse unit is built-in and forms an inte-
gral part of the feed mechanism., When the rapid-traverse unit
functions independently of the regular feed mechanism, however, it
is usually operated by an individual electric motor and controlled
by push buttons. (Refer to page 29, Fig. 36.)

On the built-in type, the same lever that
engages and controls the direction of the
table during feed, also controls the di-
rection of the power rapid traverse.

On some shapers the direction of the power
rapld traverse 1s opposite to that of the
feed set. When a unit which functions in
this manner is engaged, 1t serves as a quick ] i —- —
return, in that it moves the table over rap- | PULL LEVER 0U7

idly after a cut has been completed, and > TO ENGAGE .
places the work in readiness for another Coricacardll RAPID TRAVERSE
cut, T R .

On other shapers, however, instead of
functioning as a quick return, the rapid
power traverse functions in the same di-
rection when engaged as does the feed —
in the direction in which the feed lever
has been moved. In both types, however,
the direction is reversed by reversing
the position of the feed lever,

To operate the built-in type of power rapid
traverse, engage the cross feed by shifting
the feed lever in the desired direction.
Then pull out on the rapid traverse lever
and hold it in this position while the ta-
ble moves over the required distance. Re- ' B
lease the lever to stop the rapid movement _ PUSH BUTTONS FOR
of the table. Release of the control lever RAPID POWER TRAVERSE
automatically disconnects the rapid power
traverse and reinstates the regular feed
which becomes operative immediately (Fig.
63. ’
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- A somewhat different procedure is nec-

 po— APID TRAVERSE | essary when the shaper is equipped with
s an independent unit for the rapid power

traverse, This unit is usually con-
nected to the left-hand end of the cross-
feed screw through a worm and worm
wheel, Inasmuch as the direction of
rotation of the driving motor may be
reversed, movement of the table on the
rail may be in either direction. (Re-
fer to page 29.)

UP AND DOWN
MOVEMENT OF THE
CROSS - RAIL

The control is through a "Forward" and
a "Reverse" push button conveniently
located at the operating end of the
cross rail, The table may be travers-
ed in either direction by simply push-
ing the button for the forward move-
ment or the one for the reverse movement, as desired. This unit may
be operated while the machine is at rest. (Refer to Fig. 64.)

In addition to horizontal power rapid traverse of the table, power
rapid vertical traverse of the rail on the column is also available
on some shapers to elevate or lower the work table rapidly.

The same single control lever used for the horizontal traverse is
also used to engage the vertical traverse. The direction of the
vertical traverse, whether up or down, however, is selected and
indicated by another directional-control lever located at the
rail (Fig. 65). A safety device is usually incorporated in the
feed mechanism to prevent damage during operation of the rapid
traverse. .

[mm Before using power rapid vertical traverse on
either the crank or the hydraulic shaper, read and

follow directions No. 1 through No. 6 on page 77 pertaining to the
adjustment of the cross rail. Then, after the rail has been ad-
Justed, follow directions No. 9 and No. 10 on page 78.

HOW TO OPERATE RAPID POWER TRAVERSE
' ON T RAULIC SHAPER

Rapid power traverse on the hydraulic
shaper shown on page 33 1s not actu~
ated by pressure of the fluid in the
hydraulic system, but instead by an
electric motor mounted on the back
of the cross rail on the operator's
side of the shaper. The motor, and
consequently the rapid traverse,
operates under the control of push
button E (Fig. 66).
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Except for the additional requirement — that of depressing button
E — operation of rapid traversing in a horizontal direction is
The same as the operation of the regular cross feed which has been
explained on page 95.

In addition to the cross power traverse, vertical power traverse
is also available on this shaper for raising and lowering the
table., The operation of vertical traverse, too, is controlled by
push button E, but its operation in this direction requires a
change in the position of the selector lever B, and, in addition,
may require a change in the position of the directional-control
lever A also. .

For vertical traverse, the selector lever B is moved in a counter-
clockwise direction, Its movement in this direction brings the
word "Vertical® on its hub to the reference line, and indicates
that subsequent movement of the table will be either up or down.

The directional-control lever A is then moved in one direction or
the other from its "Off" position so that the word "Up" on its
hudb is in registration with the reference mark if the table is to
be raised, or so that the word "Down" is opposite this mark if
the table is to be lowered.

m Before depressing the push button
which controls the operation of
the rapid vertical traverse, make certain that
the clamps for holding the rail to the column,
and also the clamps or bolts which hold the ta-
ble support to the table, have been loosened.

Follow directions No. 1 through No. & on page 77
pertaining to the adjustment of the cross rail.

After the rail has been raised or lowered as desired, rrer—
follow directions No. 9 and No., 10 on page 78 for - g
again clamping the rail and table support in position. FIG.67

HOW TO CONTROL MOVEMENT OF THE RAM ON THE CRANK SHAPER

As is the case with all other controls indicated so far, those which
have to do with the length of the ram stroke, the placement of the
stroke with relation to the cut, and the speed of the ram, are also
located on the right side of the shaper. This location makes them
readily accessible from the operator's usual position.

For example, the stroke may be lengthened or shortened by placing
a handerank on the stroke-adjusting shaft (Fig. 68) and by turn-
ing it in one direction or the other, as required. A stroke-in-

dicator dial, or a scale adjacent to the ram, indicates when this
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setting has been made correctly. De-
tailed instructions for making this ad-
justment have been given on pages 79

RAM-~ s _Ram ciamp ) and 92.
1 POSITION £
I After first loosening the ram clamp, the
T i e e STROKE-ES . stroke may be located over the cut by
BRAKE LAVER AL turning the ram-positioning shaft by
o , -r SPEED- means of a handerank, Obviously, the
7 BACK-} SO INDICATOR direction in which the shaft must be turn-
CevER. ed will be determined by the direction in
e [ which the ram must be moved, whether for-
Choss » ward or backward from its present posi-
SELECTOR | tion., For detailed instructions for po-
sitioning the ram, refer to pages 81 and

~Any of the eight ram speeds indicated as
strokes per minute on the speed-indicator
plate are made available by locating the
gear-shift lever and the back-gear lever
in their designated positions. Four of
these speeds are obtained by moving the
gear-shift lever when the back-gear lev-

CRQSS-FNEED

CRANK

A er occupies one of its positions. Four
FIG.68 different speeds are cbtained by moving

the back-gear lever to its alternate position. Step~-by-step
instructions for changing the speed of the shaper have been given

in the section beginning on page 82.

= ‘ HOW TO CONTROL MOVEMENT OF THE RAM

ON THE RAULIC SHAPER

%ﬁ%ﬂ%;é%% The controls provided on the hydraulic shaper shown
on page 33 for regulating the speed of the ram, the

length of the ram strokes, and the position of the

| stroke with relation to the cut, differ considerably
from the controls provided for regulating similar
ram movements on the crank shaper.

Instead of being specified as strokes per minute,

the speed of the ram has been indicated as the cutting
speed in feet per minute on the speed-index plate attach-
ed to the flow-control valve (page 42). Also, in con-
trast with the crank shaper whose cutting speed increases or
decreases whenever the stroke is made longer or shorter, the
cutting speed of the hydraulic shaper is unaffected by changes
in the length of the stroke. Therefore, once the cutting
speed has been determined in feet per minute, this speed may
be set without recourse to calculations, by simply loosening
knob X and then moving lever L to any number on the speed
plate, or to any intermediate position therecn.
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Furthermore, either the "High" or the "Low" [
series of speeds on the speed plate may be }[_AX
selected by shifting the starting lever to
the position which brings either the word
"High" or "Low" on its hub in registration o
with its reference mark. The functioning ’ e
of the starting lever has been fully explained on page 42. 'I‘hus,rmsg
instead of the usual eight speeds provided on a crank shaper, an
infinite number of speeds within the limits prescribed on the

speed plate become avallable on the hydraulic shaper.

Both the length of the stroke and its correct placement over the

work are controlled by the two knobs located over the slot in the
ram. These knobs are actually clamping nuts screwed onto the up-~

Fer ends of threaded studs which extend downward and terminate in
lat rectangular members under the ram slot (Fig. 69).

These rectangular members are, in effect, trip dogs placed at oppo-
site ends of the ram stroke and clamped in the desired position by
means of the knurled knobs,., The trip dogs alternately engage with
fingers located one above the other on the upper end of a vertical
shaft connected with the pilot valve. ZEach time one of the rec-
tangular members (trip dogs) engages a finger, the shaft attached
to the finger makes a partial rotation and actuates the pilot
valve, causing it to reverse the direction of the ram movement in
the manner explained on page 45.

Inasmuch as the knobs, together with the rectangular members to
which they are connected by means of studs,can be moved in the ram
slot, they may be spaced and located to suit any job whose length
is within the capacity of the shaper.

HOW TO CONTROL MOVEMENT OF THE TOOL SLIDE

Movement of the tool slide, together with the cutting tool,
is controlled by the handle attached to the down-feed screw
located within the slide. The slide is lowered by rotating
the handle in a clockwise direction, and raised by turning

it in the opposite direction (Fig. 70)

The extent of its vertical and angular movement — about 7"
on a 16-inch shaper — 1is limited by the length of the
slide itself and by the length of the down-feed screw also.
For convenience in making accurate adjustments of the slide
‘and the tool, the feed screw has been fitted with a microm-
eter dial, graduated in thousandths of an inch. (Refer to

page 91.)

A diael, similar in function, is also provided on the cross-
feed screw and sometimes on the elevating shaft as well,
Together they provide micrometer adjustment of both the
tool and the work., When the dial is clamped in place, it
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TOOL DOES NOT
RAISE UNTIL

BACK LASH i5
TAKEN UP —

becomes an integral part of the screw on which it is
mounted and accurately measures movement of both the
screw and the part of the machine which it is intended

to move., :

The number of graduations on the collar is directly re-
lated to the lead of the screw (the distance a screw
advances in one revolution)., For example, if the down-
feed screw has five threads per inch, one revolution of
the screw advances the tool slide 1/5 of an inch or
«200", If the circumference of the graduated collar is
divided into two hundred equal spaces, then the dis-
tance between lines on the collar represents 1/200 of

. a revolution or one one-thousandth of an inch (,001%).

HOW TO TAKE UP BACK LASH

Whenever a graduated dial is used on the shaper for
making accurate adjustments of the tool or the work,
all "back lash" or "lost motion" must be taken out of
the screw before the dial is set to a definite figure.
Back lash in a screw is the lost motion existing be-
tween the threads of a screw and the threads in the nut
through which the screw turns. Back lash is present in
a small degree even in new machines, and to a greater
extent in older machines as wear occurs.

For example, before using the micrometer dial for set-
ting the tool for a certain cut, back lash must be tak-
en out of the down-feed screw, One way to make certain
that all back lash has been taken out is to give the
handle about a half turn in a direction opposite the
proposed adjustment before setting the tool to the sur-
face from which the depth of cut is to be measured with
the dial, (Refer to Fig. 71 A.) '

For subsequent cuts in the same direction, back lash
will be of no further consequence, When the movement
of the tool is reversed, however, from a downward di-
rection to an upward direction, the back lash must be
taken up again, before the tool will move up when the
screw is turned. (Refer to Fig. 71 B.)

The amount of back lash in the screw can be measured,
also, when its direction is reversed, for at this time
the screw makes a partial turn before the tool slide

is moved in the opposite direction by the screw., This
partial turn may be measured by noting the readings on
the dial before reversing the screw, and again at the
instant the tool slide moves in its reversed direction.
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HOW TO CARE FOR THE SHAPER AND
1T ACCESSORLES

Care of the shaper and its accessories requires the performance of
certain tasks before the machine is set in motion, and the per-
formance of others of equal importance after the job has been com-
pleted., These tasks pertain largely to maintaining the shaper in
good working condition.

In addition, care of the shaper and its accessories requires the
observance of certain precautions during the setting up of the job
and the tool. Finally, the operator must adhere to certain accept-
ed procedures during performance of the job, and avoid other .pro-
cedures which are prone to cause damage to the machine and may in-
volve the safety of the operator and his fellow workers,

A tradesmants standing among his fellow workers and their apprais-
al of his ability are determined, to a large extent, by the treat-
ment he accords machines and tools with which he works.

An efficient worker operates machines with care. He also handles
tools in & manner which will continue their usefulness over a-
long period, and he returns them to their proper places when the
Job is completed. He knows accuracy is impossible with tools
damaged by rough usage and haphazard piling about the machine,

He disposes of chips before they become a hindrance to his work,
and he Judiciously lubricates his machine in a routine manner

at such regular intervals as dictated by the speed of the machine
and the type of work performed. '

He assumes that other workmen, like himself, prefer to start a
Job with a clean machine and, therefore, he makes certain that
it is clean and in good working order when he leaves it.

Every setup of the job and the machine includes the numbered
steps below, Procedures recognized by skilled tradesmen as be-
ing helpful in turning out good work and in reducing machine

wear and demage to a minimum, are recommended under each step,

LUBRICATING THE SHAPER iy, 2\ s

a, Read the Description of the 0iling Sys-
tem beginning on page 29.

b, Follow the instructions given in the
section, How to 0il the Shaper (page 47),
which apply to the type shaper in

use.
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iy, 4, MOUNTING THE WORK-HOLDING DEVICE it "t

a. Remove all burrs, chips, and dirt from the
surface of the machine table in order to
provide a flat, clean surface on which to
place the work-holding device.

b. Thoroughly clean the bottom of the vise or
other work-holding device before it is
placed on the machine table. This precau-
tion will prevent pitting and scarring of
the table and the bottom of the vise, an
undesirable condition resulting from the
presence of chips between these surfaces.

c. Ask for help in lifting whenever it is nec-
essary to place in position or to remove a
heavy fixture or machine vise, Dropping it
may damage both the machine and the holding
device and, worse still, may cause personsal
injury.

d. Place a washer under each nut used for clamping a vise, a fix-
ture, or the work itself to the machine table, Make certain,
however, that the nut has not been drawn down to the end of
the thread on the bolt, for if this occurs, the part which it
is intended to clamp will still be free to move, although the
force applied to the nut would indicate that the part has been
clamped securely to the table.

Y W MOUNTING THE WORK it

a. Clamp all work in the shaper securely, using whichever method
is most appropriate for holding the particular job., It is
dangerous to have the work move even a small amount during
the cut, but work which is forced out of the holding device

by pressure of the cutting tool is almost certain

to damage the shaper before the machine can be
brought to a standstill.

b. Place a cardboard between the vise Jaws
and a rough casting and between the ta-
ble and the casting if it is clamped to.

~ the table instead of in a vise or in a

= [ ’ fixture. Cardboard will protect these

o machine surfaces from the irregularities
which are usually present on unmachined
castings.

m Refrain from using a ham-

mer on the handle of the
shaper vise as an aid in tightening the
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f.

a.

-use an oil stone for this purpose.

%/”’//////WMOUNTD\TG THE TOOL %l

vise on the work, The handle is usually of a length which will
allow the application of enough pressure to hold the work with-
out the aid of a hammer, Besides, hammering is likely to set
up burrs which will injure the operator®s hands.

Place all the work held in the vise as far down in the jaws as
practicable without having the tool cut into the vise jaws., If
a job is to be clamped to the machine table, keep it as low as
possible. This procedure makes the setup rigid and reduces the
vibration to a minimum during the cut.

Use the shortest bolts possible for clamping work so as to
avoid interference between the ram and the bolts. This applies
especially to the bolts nearest to the ram, ,

Avoid marring the machine table by using only wood, or metal
blocking which has no burrs, for supporting the outer ends of
clamps used to hold work to the table.

Use parallels, and store them also, in a manner which will
preclude thelir becoming damaged through falling on hard mater-
ial, for this will raise a burr, and their use in this condi-
tion will result in inaccurate work. When a parallel becomes
burred despite all precautions having been taken to prevent
this condition, remove the burr with a flat, smooth file if
the parallel is soft, or, if the parallel has been hardened,

amount of metal than do sharp tools., Furthermore,

>
Clamp the tool holder in the tool post with .
as little overhang as practicable. This
eliminates the unnecessary strain which is
placed on the tool head when a cut 1s made
with the tool holder extending below the
tool block farther than is required.

Place the tool holder in a vertical position
so that if it should be forced over by the
pressure of the cut, the tool will swing in
an arc away from the work, instead of into
the work as would be the case if the tool
holder were set toward the cut.

Clamp the tool holder securely in the tool
post to prevent its working loose during the cut.

Use only sharp cutting tools, for dull tools re-
quire considerable more power to remove a given

a dull tool creates much more heat than does a sharp
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tool, and, moreover, produces an inferior finish on the work.

e. Clamp the cu.ting tool securely in its holder and as short as
practicable. If applied, these two recommendations will pre-
vent tool breakage and its attendant hazards to the operator
and the machine., PFurthermore, clamping the tool as suggested
conforms to the practice of keeping the setup rigid.

f. Make certain that the clapper block is functioning correctly:
(1) that it 1ifts slightly on the return stroke of the ram,
and (2) that it assumes its position against the back of the
clapper box immediately under pressure of the cut,

g€. Adjust the tool holder and the tool only when the machine is at
a standstill. .These adjustments become extremely hazardous if
made when the shaper is in motion,

Vit / ADTUSTING THE WORK AND THE TOOL pmmmmmmiimibisiviiiiiiiiiiiiiaiiiimibions

Before turning a handcrank, shifting a
lever, or pushing a control button, as-
certain very definitely just what action
will result when each control is manip-
ulated. Manipulating any part of the
shaper without knowing what motion will
occur, in what direction and how fast,
may result in serious damage to the ma-
chine.

Thoroughly clean, and then oil, the flat
bearing surfaces on the cross rail used
to guide the table horizontally. Give
- the same care to the bearing surfaces
on the front of the column, used to
guide the table vertically. This care
should be accorded these surfaces each time the table is moved
to any extent,

¢c. Remove all tools and accessories from the base of the machine
to avoid jamming when the cross rail is lowered. Tools placed
on other parts of the shaper and no longer needed for the Job
should also be removed. This is especially important if these
tools are likely to become dislodged through vibration and
thus interfere with the movement of the parts being fed auto-
matically. Considerable damage to the feed mechanism usually
results if movement of a part is forcibly stopped while the
shaper is in operation and the automatic feed is still engaged.

d. Previous to making adjustments of such parts as the cross rail,

loosen the clamps which lock these parts rigidly in place dur-
ing the cut., It is equally important that these clamps be
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ge.

a.

tightened after the adjustment has been made and that all other
parts not used to feed the work or the tool be clamped securely
also.

To assure a more rigid machine setup, adjust the table verti-
cally so that the space between the work and the bottom of the
ram is no greater tham the safety of the operator requires. A
space of approximately two inches is considered sufficient for
this purpose.

Whenever the distance between the ram and the work is increas-
ed appreciably, the tool slide must be extended beyond the

tool head a correspondingly greater distance., In this extend-
ed position, the tool slide is not well supported, and, as’a
result of this lack of support, is likely to be broken if the
tool should get caught in the cut or if the slide should strike
the column at the end of the return stroke.

Avoid geaf clashing when the speed is being set. Make all
speed changes with the clutch disengaged.

Whenever the construction of the shaper permits, pull the belt
or turn the hand wheel to give the ram one complete stroke by
hand, before turning on the power, Since this is impossible
on many shapers equipped with individual motor drive, the
clutch should be engaged cautiously while the ram makes a com-
plete stroke, This procedure is recommended to permit detec-
tion of any interference between the ram and the work.

Before engaging the rapid power traverse, make certain there
will be no interference between the tool and the work, Also,
in order to avoid jamming these parts, ascertain whether or
not the table can be fed over the required distance before
reaching the limit of its travel on the cross rail.

Set a cutting speed which is commensurate
with the length of stroke and at the same
time takes into consideration the mater-
ial being cut and the cutting material in
the tool.

Set the tool so that it clears (passes over
without cutting) the highest part of the
job before engaging the clutch. After the
machine has been set in motion, feed the
tool down toward the work carefully.

Lock the tool slide in place after the

depth of cut has been established so
as to keep it from moving during the cut.
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d. Before engaging the automatic feed, ascertain the rate of feed
for which the machine has been adjusted,

e. VWhenever the automatic feed operates at the beginning of the
cutting stroke, instead of preferably during the return stroke,
adjust the length and the position of the stroke so that the
tool will run beyond the back end of the work a somewhat great-
er distance than usual. This will allow the feeding of the
table to be completed before the tool engages the cut., The
feed mechanism should not be forced to feed the work after the
tool begins to cut, for it was not designed to withstand the
heavy pressure required to force the tool into the metal, R

£, Feed the work to the tool slowly by hand, and then, if the
cut is of the desired depth, engage the automatic feed.

€. Remain at the machine while the cut is in progress in order
to maintain control thereof at all times.

h. Brush chips from the work in a direction which will prevent
- their entering the working parts of the shaper.

i. After completing angular shaping, set the tool head back to
the vertical position and tighten it in place. This is a
precautionary measure recommended to prevent the tool head
from striking the column during the return stroke, a hazard-
ous condition which develops when the stroke is lengthened
and the head is left in the angular position.

%%%%%%%‘a'%%DISASSEMBLING THE SETUP Wittt ik

oo 5

a, - Clean the work-holding device of all
chips and oil.

b, Remove any special holding device or
fixture from the machine and return it
to 1ts proper storage space,

NOTE: The vise is usually left on the

‘ machine table and bolted securely
in place., Leaving the vise in place with
the bolts loose may result in serious in-
jury, for the vise is sure to move when
work is tightened therein.

¢. Return all tool holders not usual-
ly used on the shaper to the tool
crib, or to the storage cabinet if
one is provided.

d. Brush all chips from the machine;
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then wipe it with waste,

& e, Return all straps and bolts to their proper places in a clean
condition. Assemble the bolts, the nuts, and the washers.

) f. Carefully return parallels to their storage space to avoid
( burring.

{ .
W,WMAD\TTAINING THE SHAPER IN A GOOD OPERATING CONDITION %//iziiiiidiiid,
t

Under this heading have been listed some of the measures which

¢ should be observed for the correct functioning of the shaper and
its driving mechanism. Because of his daily association with the

( shaper, the operator should detect immediately conditions about the
machine which contribute to inefficient operation and to inaccurate

( performance, Since the operator's regular duties usually do not
‘ include correction of these faulty conditions, it is his duty to
« report them to the individual responsible for maintaining the ma-

chine in proper adjustment and in good repair. The following are
'S among such measures;

a, Adjust the tension on the belt when necessary in order to
prevent excessive slippage on the pulley and thus assure
maximum power when it is needed.

¢ b. Make adjustments on the machine required because of wear,
’ and necessary for the production of accurate work.

c. Give timely service to electric motors and their controls
in order to forestall their breakdown.,
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HOW TO ADJUST THE SHAPER
(_OBJECTIVES OF UNIT )

1. To point out the machine adjustments which should be made
prior to actual machining operations,

2. To show how to make these adjustments on various parts of both
the crank shaper and the hydraulic shaper.

3. To explain how job specifications influence machine adjust-
ments.

INTRODUCTORY INFORMATION

Certain definite machine adjustments must
be made, or at least must be given con-
sideration, for every job performed in the
shaper; for if the machine is to be set
up rigidly and if the work is to be per-
formed without an undue amount of lost mo-
tion and lost time, the machine must be
adjusted to meet the requirements of the
Job.

Since two jobs are seldom exactly alike in all respects, several
machine adjustments may be required in order to have the machine
operate efficiently. For example, considerable variation in the
height of the work requires that the table be adjusted vertical-
ly for rigidity in the setup. For economy of time, the length
of stroke should be adjusted to the minimum required for each
Job, and for the same reason the speed of the shaper should very
closely approach that recommended for machining the material in
the job with the particular cutting medium in use,

Furthermore, the type of cut, whether rough or finish, influences
the amount of feed used and, therefore, requires an adjustment
of the feed mechanism whenever it is necessary to change from one
type of cut to another.

Most of these adjustments should be made preferably after the job
has been located in the machine vise or in whichever other hold-
jug device 1s used for gripping the work, Furthermore, they should
be made in the sequence suggested dere, aud, most lmporiant of 2ll,
for the safety of both the operator and the machine, should be made
prior to starting. :

Whenever the directions for making an adjustm?nt on.the hydraulic
shaper differ from those given for making a like adjustment on
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.the crank shaper, a set of directions has been written for adjusting
both types of shapers.

The directions for adjusting the hydraulic shaper, however, have
been placed in a separate section beginning on page 92.

TOOLS AND EQUIPMENT

Shaper Wrenches of correct size Tool holder

Scale 011 can for machine oil Tool bit
PROCEDURE

HOW TO ADJUST THE CROSS RAIL

1. Wipe all chips and dirt from the front faces
of the column, for when the vertical position
of the table must be changed, the cross rail
is moved up or down on these bearing surfaces.

2. Apply a small quantity of oil to the clean
bearing surfaces of the column, distributing
the 01l evenly with the fingers.

3. Loosen the table support clamps ¢ which fast-

en this support (if one is used) to the ta- ir® ke ;%%%2

ble. (Refer to page 11.)

4. Loosen the clamping nuts, or the clamping / ww/é/////{//////////%

levers — on both sides of the colum — Z
which lock the cross rail rigidly to the ' %%%%%

column, In some makes of shapers the clamps ” %%%ZZ

for both sides may be manipulated from the
operator's side. (Refer to page 8.)

NOTE: Do not loosen the other strap bolts
as they are adjusted to hold the
rail "slideably" to the column,

5. Avold possible damage to the machine from
tools and work pleces placed on the base
of the shaper by removing them before
changing the position of the rail.

6. Make certain that chips and dust do not
become lodged between the column and the
cross rail. Foreign material between their
surfaces will cause misalignment of these
parts and also may cause scoring of their
faces, if these parts are moved when
chips are present,
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7. Place a crank on shaft S which is
» connected with the elevating screw
_ through bevel gears within the rail.

8. Turn this crank in a clockwise di-
rection to lower the table and
vice versa to raise the table. In
either case, whether the table is
raised or lowered, the underside
of the ram should clear the work
by no less than two inches for the
safety of the operator.

9. Tighten the clamps used for lock-
: ing both sides of the cross rail
rigidly in place on the column,

10. See that the slide for the table
support 1s clean; apply a few
drops of oil thereto; and then
tighten the table support clamps,
making sure that the support rests
on its sliding surface.

NOTE: The rail clamps always

should be tightened before
the table support is adjusted, for
with the rail clamps loose, the
table sags somewhat because of its -
weight. Thus, if the support 1is
adjusted and clamped with the rail
clamps loose, their subsequent
tightening will raise the support
slightly from its slide and result
in table deflectionunder pressure
of the cut.

HOW TO _ADJUST THE TABLE HORIZONTALLY

Examine the bearing surfaces of the cross
rail over which the saddle, together with
the table, moves. If these surfaces are
found to lack oil, or, if the oil is found
to be dirty and laden with grit, proceed
according to the directions given in No.
12 on page 53,

NOTE: Considerable pressure is exerted on
the faces of the cross rail because
of the overhang of the table, In addition,
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these faces are continually exposed to dust
and chips. As a result of these conditions
the cross rail will wear out of shape rapidly
and will make accurate work difficult, unless
the bearing surfaces are kept clean and well
oiled at all times. On modern shapers, felt
wipers impregnated with oil help somewhat to
clean the surface and to apply oil.

~

7 FEED LEVER
¢

2, Remove the handcrank from the elevating shaft
and place it on the end of the cross-feed screw.

NOTE: In a machine equipped with rapid power

traverse, the cross-feed screw, instead
of being squared on the end to receive the
crank, usually has clutch teeth of one form or
another, This design 1liminates the hazard of
a rapidly revolving crank, for although it re-
mains on the screw, the crank does not re-
volve with it when the automatic feed is ap-
plied. For hand feeding, the crank is pushed
forward, meshing the teeth on the crank with
those on the screw which are held out of en-
gagement by a spring.

3. Make certain that the feed knob or the feed
lever, whichever construction is used, is in
neutral, a position in which the automatic

TG

feed is disengaged. o W%%;/// |

4, Rotate the crank on the cross-feed screw in
a clockwise direction to move the table
away from the operator and vice versa to
move the table toward the operator.

% s 4,

5. Move the table over until one edge of the sur-
face to be planed is approximately central
with the ram.

HOW _TO ADJUST THE STROKE ON SHAPERS WITH A SCALE ADJACENT TO THE RAM

l. To determine the length of stroke for which
the shaper must be adjusted, measure the
length of the surface which is to be plan-
ed; then add one inch to this dimension to
provide for clearance of the cutting tool
at both ends of the job.

2. Before adjusting the stroke, pull the belt
by hand, or turn the handwheel if the shap-
er is motor-driven, and stop when the

Page 79




Machine Shop Practice
Fundamental Process Series

UNIT 1-P52(A)
SHAPER WORK Beginner's Course

Y| HEK POSITION OF STROKE INDICATOR
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stroke indicator, moving with the ram,
ceases to move along the stationary
scale. The highest number reached in-
dicates the present stroke-length and -
determines whether or not an adjust-
ment 1is needed.

3., Loosen the clamping nut on the outer
end of the stroke-adjusting shaft.
(Refer to page 20.)

4, Place the proper crank on the square
end of the stroke-adjusting shaft,

5., Turn the crank in one direction or
another, depending on whether the
stroke is to be made shorter or long-
er, until the stroke indicator is
over the number on the stationary
scale which corresponds with the
length of ram stroke required. This
number should be the one derived in
step No. 1 above. (Refer to page 20.)

6. Tighten the clamping nut on the
stroke-adjusting shaft, so that the
length of ram stroke will not change
during the operation of the shaper,

7. Remove the crank from the stroke-
adJusting shaft.

HOW TO ADJUST THE STROKE ON A SHAPER WITH A

DIRECT- ING STRO ICATOR

Measure the length of the surface which is
to be planed and add one inch to this meas-
urement in order that the ram stroke will
permit the tool to travel beyond the back
and front ends of the work.

Place the proper crank on the square end
of the stroke-adjusting shaft (Fig. 72).

Turn the crank, together with the dial, un-
til the number coinciding with the indica-
tor corresponds with the length of stroke
in inches as derived in step No. 1 above.
(Refer to page 21.)
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4, Remove the crank from the stroke-adjust-
ing shaft. . FOR ADJUSTMENT OF
NOTE: The two actions, unlocking the THE STROKE ON THE
stroke-adjusting shaft before set-
ting the ram stroke and again locking it HYDRAULIC SHAPER,
after the setting has been made, occur
co-incidentally with the insertion and REFER TO PAGE 92.
withdrawal of the crank, (Refer to page

21.)

HOW TO ADJUST THE POSITION OF THE RAM

1. Place the tool holder, together with the
cutting tool, in the tool post and clamp
it in the approximate position it will
occupy during the cutting process.

2. To ascertain whether or not the stroke
will cover the work, stop the ram, af-
ter moving it to its extreme forward
position by pulling the belt, turning
the handwheel, or using whichever other
means is appropriate for the shaper
being used. L

3., Loosen the clamping block by turning
the binding lever [, in a counter-
clockwise direction,

4, Place a crank on the square end of the
ram~-adjusting shaft §; then adjust the
ram until the cutting tool extends
about one-fourth inch beyond the front
edge of the surface to be planed,

5. Remove the crank and turn the binding §§§\\\\\‘

lever clockwise, clamping the ram se-
curely in position.

6, Pull the belt by hand,or use whichever
other means is most appropriate to the
shaper in use, and move the ram to the
extreme end of its return stroke.

When the ram occupies this position,
the cutting tool should extend about
one-half inch beyond the work. If,
however, the feed operates at the be-
ginning of the stroke, instead of dur-
ing the return stroke, slightly more
clearance and a longer stroke must be
provided, -
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HOW_TO ADJUST THE SPEED OF THE RAM

Eight different ram speeds, indicated as strokes per minute, are
usually provided on the shaper, The speeds are available in twc
series of four each: a direct series for the faster speeds and
shorter ram strokes, and a series through the back gears for the
slower speeds and longer ram strokes. - Thus, two speeds are pos-
sible for each position of the gear-shift lever on the shaper
with a geared transmission, and also for each step of the cone
pulley on a belt-driven shaper —— one speed with the back gears
*in® and another with the back gears "out." (Refer to page 21.)

It is desirable, usually, to adjust the speed of the shaper, that
is, to regulate the number of strokes per minute, so that the
cutting speed of the tool in feet per minute closely approxi-
mates the established rate at which each different material can
be machined most economically, In other words, for cutting sim-
ilar material, the shaper must make twice as many strokes for a
cut 6" long as it does for a cut 12" long, if the cutting speed
is to be at the same rate for both cuts,

Apparently then, if a uniform cutting speed is to be maintained,
the number of ram strokes per minute must be reduced when the
stroke is lengthened, and must be increased when the stroke is
shortened. :

Most modern shapers have a speed chart attached. From this chart
the operator can determine, without calculations, how many strokes
per ninute of a given length the ram must make for the tool to at-
tain a desired cutting speed.

In the operation of a shaper which is not equipped with this con-
venient speed chart, it becomes necessary to use calculations
similar to those in Unit 1-T53(D) beginning on page 293, to de-
termine the correct ram speed required for various stroke lengths
and for various materials.

Since each make of shaper employs a somewhat different method for
setting the speed of the ram, it will be impossible to explain
‘all of them, However, directions have been given for adjusting
the ram speed on several makes, Familiarity with the methods ex-
plained here, together with a study of a particular one which
differs from these, should enable the operator to set the speed
on any shaper without difficulty
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HOW TO USE A SPEED CHART TO ADJUST THE

1.

SPEED ON A CONE-DRIVEN SHAPER

Pull the belt until the stroke indicator
reaches the largest number on the stroke-
index plate in order to determine the
length of stroke for which the ram has
been adjusted. '

Refer to plate P above the cone pulley.
From the numbers appearing on this plate,
choose the one which most nearly corres-
ponds with the length of the stroke.

The location of this number on plate P
determines the position of the belt.

NOTE: For strokes of an odd number of FIG.73
inches in length, such as 7, 9,

etc., which do not appear on plate P,

the position of the belt should be on the next larger
or smaller step of the pulley, depending on whether or
not the material being cut can be machined at a cutting
speed that is higher or lower than average.

NN
O

Remove the belt from its step on the lower cone pulley,
pulling down on one side of the belt as well as out.

It is the downward pull which sets the belt in motion
and makes its removal easier,

\§§§§§§§§§§§&§‘

|

Shift the belt to the desired step on the upper cone
pulley, then run the belt onto the corresponding step
on the lower cone pulley.

m Do not start the shaper when it is nec-

essary to shift the belt, for unlike
most other cone-driven machines, the outer end of the
pulley on the shaper is frequently unsupported, and
there is nothing to prevent the belt from leaving the
pulley entirely. A belt moving unrestrictedly may
cause serious personal injury or may cause damage to
the machine.

Observe in which column on plate P the number corres-

ponding to the stroke length appears, and note the di-
rection in which the arrow at the head of this column

points. (Refer to Fig. 73.)

Move the back-gear lever L in the direction indicated
by the arrow at the head of the column in which the
stroke length appears; move it toward the column for
strokes eight inches or less in length, and out from
the column for strokes from ten inches to sixteen
inches in length.

N / .
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NOTE: If, as occasionally happens, the teeth on

the back gears are in such a relative posi-
tion that they cannot be engaged readily, do not
use force, but pull the belt slowly to change this
relationship, and then the gears will slide into
.mesh easily.

7. Close the door on the belt guard when the speed
setting has been completed.

NOTE: When the foregoing instructions have been

followed implicitly, the ram will make
the number of cutting strokes per minute of the
length indicated, and this will result in a cut-
ting speed in feet per minute which is approxi-
mately correct.

HOW TO ADJUST THE SPEED ON CONE-DRIVEN SHAPERS
WITHOUT A SPEED CHART '

Many cone-driven shapers lack speed charts and plates such as are
provided on the modern shaper to help the operator determine the
correct cutting speed. The operator of a shaper of this type either
must calculate the speed, using as a basis the figures representing
such factors as the length of stroke, etec., or he must depend upon
his own judgment which, if it is reliable, gives consideration to
the same factors used when calculations are made, but with exper-
ience as the basis instead of figures.

If the shaper has the usual four-step cone pulley and back gears
such as shown in Fig. 73, but without plate P, some general rules
may be formulated to assure the shaper's being operated at a safe
and approximately correct speed. Minor increases and decreases
can then be made from the approximate speed when differences in
materials and unusual cutting conditions warrant such changes.

Proceed as follows to determine which step of the cone pulley to
use for machining work requiring any stroke length within the ca-
- pacity of the shaper.

1. Divide the maximum stroke
length given on the index
plate by the number of 4irf-
ferent speeds available on
the shaper (Fig. 74).

2., Let the result of the divi-
sion be the stroke-length

in inches for which the
smallest step on the cone

Fi1G.74
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pulley will be used in direct speed (without back gears).

3. Increase by the amount derived in step No. 1 above, the length
of stroke for which each succeeding, and larger, step of the
pulley will be used.

4, Continue to increase by the same amount, the stroke-length
for which each step of the pulley is to be used in the back-
gear series of spéeds, again beginning with the smaller step
of the cone pulley.

A formula for these calculations’could be written and used as follows:

I - A
N
in which
I = maximum stroke-length to be used with the small pulley;
I = amount of increased stroke-length for larger pulleys;
A = maximum stroke-length for which the shaper can be used;
N = number of different speeds available on the shaper.

Proceed as follows, to make a speed chart for a 24-
inch back-geared shaper having a four-step pulley:

FORMULA: I = .1%, or, by substitution, I = 2‘8}" = 3",
Thus, the smallest step is used for ram strokes
not exceeding three inches in length, The second
and succeeding steps are used for strokes six .
inches, nine inches, and twelve inches in length,
respectively, If this procedure is carried
through, the series of back-gear speeds will begin
with fifteen inches for the small step and continue
to eighteen inches, twenty-one inches, and twenty-
four inches for the progressively larger steps.

The chart in Fig. 75 shows how the numbers should
be arranged for a 24-inch shaper with eight speeds,

HOW TO ADJUST THE SPEED OF THE RAM ON A GEAR-DRIVEN SHAPER

To adjust the ram speed on a gear-driven shaper, follow the instruc-
tions given in the operator's manual supplied by the manufacturer,
if it is available, for this contains specific directions on how

to proceed, In the absence of a manual, the careful operator pro-
ceeds cautiously when adjusting the speed on a shaper which he has
not previously operated. He examines the speed-adjusting mecha-~
nism thoroughly to determine wherein it resembles one with which

he is familiar. This investigation will disclose familiar parts
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which, in turn, will lead to a prompt umderstanding of the remain-
der of the mechanism.

Directions for adjusting the speed (number of strokes per minute)
on several makes of shapers will be presented herewith in order to
give the student an idea of some of the different ways in which

this is accomplished.

Proceed as directed to adjust the speed on a Hendey Shaper,

1., Examine the speed plate, and observe that the factors re-
quired to determine the speed of the shaper have been included

on it, notably:

a., the Length of Stroke in TInches, arranged in a vertical

column on the left side of the plate,

b. the number of Strokes per Minute, represented oy the
figures in the upper row, and divided into two series
of speeds — one series attainable with the Back Gears
In, and the other with the Back Gears Out,

c. the Approximate Cutting Speeds in Feet Per Minute

whic

lengths and ram speeds,

result from the wvarious combinations of stroke

2. Observe the numbers on the stroke plate, and note that they

THE HENDEY MACH.CO.

TORRINGTON.CONN.,U.S. A,

16 ¥ HEAVY DUTY
CRANK SHAPER

APPROX. CUTTING SPEEDS FT.ecr

steonts BACK GEARS OUT

mn {10} 14 2130042 |62 90]130]
c[re] 26 [ 37 Jsefgofuia] | | |
S[1a] 23 | 32 Jaslrofoe] 1 | |
c[12] 20 | 28 Jaolcofsa jroa| 1 |
£ [iofiss[zaspslsol 70 Jood ||
af 8l13.3}18.628la0] 56 Js26120] |
z[6]10]14 J21]30§42 f62]50] %
214166 ]9.3 afoo28 J13[60 6.6

“[2]3.3]46 J7 [10]14 Po6]30 j43.3)

PULLEY S00 R.P. M.

THE HENDEY MACH. CO.

TORRINGTON CONNLU.S.A,
R —

16 ' HEAVY DUTY
CRANK SHAPER

STROKES PER MiN.
10- B'K.0'RS In - 30
42-8'K.6'RS OUT-130

14- 8'K.G'RS IN - 21
62-B'K.6'RS OUT- 90

SHIFT GEARS WITH
CLUTCH OuT
PULLEY . 500 R.P.M.

e !
L)
Q
.

-~
(.3
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correspond with those in
the upper horizontal row
of the speed plate.

Determin the cutting
speed in feet per minute
at which the kind of ma-
terial in the {ob should
be machined. Refer to
the table on page 308.)

Consult the stroke-index
dial and ascertain there-
from the length of the
stroke for which the ram
has been adjusted (Fig.72).

In the first column on
the left side of the
speed plate, locate the
number which corresponds
with the length of the
ram stroke as indicated
on the stroke-index dial.
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6.

10.

11.

For
for
ram

1.

2.

In one of the vertical rows to the right of this number, locate
the figure corresponding with that of the cutting speed select-
ed in step No. 3.

Read the figure appearing at the top of this column; this rep-
resents the number of strokes per minute for the ram,

Observe the precautions which appear on the stroke plate regard-
ing the shifting of the gears.

Select from the numbers on the stroke plate the one which most
nearly approximates the number of strokes per minute as noted
in step No. 7.

Move lever L into the slot,or place it in the position opposite
which this number appears. (Refer to Fig. 78. '

Shift the back-gear lever B to its position marked "In"™ (for
slower speeds) if the number of strokes per minute for which
the shaper is to be adjusted appears in the left section of
the speed chart. Shift the lever to the position marked fmQut"®
if the number appears in the right section. The position
which the back-gear lever should occupy during various speeds
is indicated on the stroke chart also.

example, to adjust the spéed (number of strokes per minute)
taking a roughing cut on a cast-iron job requiring a l2-inch
stroke, proceed in the following order. (Refer to Fig. 77.)

On the chart of allowable cutting speeds, page 308, find the
cutting speed in feet per minute for a roughing cut on cast
iron. The speed recommended is 60 feet per minute.

Find number 12, which is the length of stroke required, in
the first column on the left side of the speed chart,

Move to the right in the 2
row opposite number 12 and
stop at number 60, which
represents the cutting
speed in feet per minute
as determined in step No.
1 above.

STROKE NUMBER OF

RAM STROKES
Move up in the column above ,“{maﬁs PER MINUTE
number 60 to number 30
which appears at the top
and indicates the number of

ram strokes per minute.

Shift lever ], to the posi-
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Qi§§§§§§ tion under number 30 on the stroke chart.

Shift back-gear lever B to the position
marked "In", as noted on both charts for
a ram speed of 30 strokes per minute.

Proceed as directed to adjust the speed of a Cincinnati Shaper.

1. Determine the cutting speed in feet per minute which is recom-
mended for shaping the kind of material in the job. (Refer
to the table of Allowable Cutting Speeds on page 308,)

2. Ascertain from the stroke-index dial the length of stroke for
which the shaper has been adjusted. (Refer to Fig. 72.)

NOTE: The cutting speeds which result from various combina-

tions of stroke lengths and ram speeds — two factors
which determine the cutting speed of the shaper tool — are
frequently supplied on a speed chart attached to the shaper,
as shown in Fig. 76, This manufacturer, however, supplies
a table of cutting speeds in the operator's manual instead.
This table has been reproduced here for use when the speed
of the shaper is being adjusted. (Refer to Fig. 79.)

3. In the upper row of the table, locate the number which corres--
ponds with the length of the ram stroke.

4, In the column below this number, find the figure which most
nearly corresponds with that of the cutting speed in feet
per minute, as determined in step No. 1.

5. Move to the extreme left column in the same row in which the

cutting speed has been located. The number appearing at this

- point represents the strokes per minute for which the shaper
is to be adjusted.

6. Select from the numbers on the stroke plate, the one which
corresponds exactly with the number of strokes per minute as
noted in step No. 5.

m Do not shift gears when the clutch has been
engaged.

7. By means of lever L, shift the speed indicator to the slot
adjacent to the selected number.

8. Shift back-gear lever B to position 4 or B, the choice depend-
ing upon which of these letters precedes the speed selected in
step No. 5. (Refer to page 293.)
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BACK GEAR
Taken from Operator's Manual, Cincinnati Shaper Co. LEVER 8
< 16' HEAVY DUTY > 2 7 Bt
. STROKE INDICATOR | /4 ':Ei <
[s[F.N &
LENGTH OF STROKE IN INCHES ,
. 1 2] 3 i] 5] 6 71 81 910 | 11 L 19 STROKE ADJUSTING
A 3 a5 79[ B R 161710 2 CUTTING %8 | SHAFT SPEED
25|41 6 [ 810 |12 1416 18 (20 [22 |21 | @] SPEED 9| 2% INDICATOR
28] 51 811215 |19 {22 [ |29 (32 35 (33 (X |3 IN FEET FER MINUTE PLATE
% - -
= 8 116 | 23 1.0 58 ] 65 ] 71 | 77 112 112013
68 ' ) R
(100 |17 | 33 | 49 | 64 [ 79 | 94 [109 [123 [137 [150 |163 I GEAR SHIFT
|18 123 [ 45 [ 67 [ 88 {109 [129 {149 (169 ~ T LaveRr L
é FIG.79

If the speed of this shaper is to be adjusted for the same job used
in the previous example, proceed as follows and refer to Fig. 79.

1. On the chart of allowable cutting speeds, page 308, find the
cutting speed for a roughing cut on cast iron. The speed
recommended is 60 feet per minute.,:

2, TFind number 12, which is the length of stroke required, in the
upper row in ©. the table of cutting speeds, (Refer to Fig. 79.)

3. Move down in the column under number 12, and stop at number 595,
since this is the number which comes nearest to the recommended
cutting speed of 60 feet per minute for roughing cast iron.

4, Move to the extreme left in the row opposite number 55, Number
31, appearing at the intersection of this row and the left-hand
column, indicates the number of ram strokes for which the shap-
er is to be adjusted for attaining the approximately correct
cutting speed.

5. By means of lever L, shift the speed indicator to the slot in
the stroke plate under number 3l.

6. Shift back-gear lever B to its position marked B.

FOR ADJUSTMENT OF THE SPEED
ON THE HYDRAULIC SHAPER,
REFER TO PAGE 94,
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HoW To ADJUST THE AUTOMATIC FEED ON A CONE-DRIVEN SHAPER

1. Read the description of the feed mechanism used on this type
of shaper. (Refer to page 23.) )

2., Determine, approximately, in thousandths of an inch, the amount
of feed most desirable for the job, giving consideration to the
factors which influence the selection of the proper amount of
feed. These factors have been described in the section begin-
ning on page 304,

3. Adjust the slide block out from the center of the
feed disc or feed rocker arm, whichever is used, a
distance estimated to produce the desired amount of
feed, not forgetting that the farther from center
the block is moved, the greater becomes the amount
of feed.

NOTE: If the slide block is moved out from the cen-
, y ter of one side of the feed disc or feed
' /Cf ' rocker arm, the feed will become operative during

’ y the cutting stroke; if the block is moved out from
' %%%%%’ 4 the center of the feed-regulating device on the op-
posite side, however, the feed will operate on the
return stroke of the ram. This latter adjustment
is preferable for most work. (Refer to Fig. 80.)

.4, To determine the amount of table feed for which the
shaper has been adjusted, apply the automatic feed;
then pull the belt by hand and note how many thou-
sandths of an inch the micrometer dial on the cross-
feed screw advances for each stroke of the ram.

NOTE: The minimum amount of feed for which any

shaper using this type of feed mechanism can
be adjusted, is established by the amount of move-
ment produced in the cross-feed screw when the feed
pawl rotates the ratchet wheel one tooth only for
each stroke of the ram, This amount, in thousandths
of an inch, will vary with the number of teeth on
the ratchet wheel and with the lead of the thread
on the cross-feed screw,

o/

% /

5. Continue to make additional adjust-
ments of the slide block in its feed-
regulating device, if the first esti-
mated setting does not result in the

desired amount of feed.

MINIMUM
AMOUYNT
OF FEED
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HOW TO ADJUST THE AUTOMATIC FEED ON A SHAPER
USING A DIRECT-READING FEED DIAT

Read the description of this type of feed mechanism on page 28.

Determine, in thousandths .of an inch, the amount of feed which
will be desirable for the job, Base the selection of the amount
of feed on those influencing factors which have been described
in the section beginning on page 304,

Select from the numbers on the feed dial, the one which most
nearly corresponds with the selected feed in thousandths. Then
move this number on the dial to the index line, using whichever
means has been provided for this purpose.

For example, the feed dials on page 28 have been adjusted for a
feed of .090, .100, end .170 for dials A, B, and C, respectively.

HOW TO ADJUST THE TOOIL HEAD

FOR ADJUSTMENT OF
Read the description of the tool head beginning THE AUTOMATIC FEED

on page 14, ON THE
. HYDRAULIC SHAPER,
Loosen the binder bolts or other clamping de- REFER TO PAGE 95.

vices which hold the swivel block to the end of
the ram, if the position of the tool head must
be changed.

Set the tool head to the position required for
taking the type of cut specified. In other
words, for vertical and horizontal cuts, set
the head in a vertical position with the 90°
mark on the swivel block opposite the index
mark on the ram; or, for angular work, place
opposite the index line on the ram whichever
graduation on the swivel block will produce
the desired angular cut. (Refer to page 227.)

Clamp the tool head in the selected posi-
tion, making certain that the position has not
changed during the clamping process.

By means of the ball crank on the down-feed
screw, adjust the cutting tool so that it just
barely clears the high point of the job.

Set the zero on the micrometer dial on the down-
feed screw to its index line so that the depth
of cut may be accurately determined. (Refer to
page 65, Then, to prevent movement of the
tool slide during the cut, tighten the screw

on the tool-slide lock.
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HOW TO ADJUST THE STROKE AND THE POSITION
OF THE RAM ON A HYDRAULIC SHAPER

1. Read the description of the pilot valve
on page 45,

NOTE: Both the stroke-length and its posi-
tion relative to the work may be ad-
justed simultaneously, since both these
adjustments are controlled by the trip
dogs on the ram. The position of the trip
dog at the front determines how far the
ram may travel toward the rear of the shap-
er; likewise, the position of the trip
dog at the rear determines how far the ram
may move forward, inasmuch as these dogs:
actuate the pilot valve which in turn
causes the ram to reverse its direction of
‘travel,

2. Measure the length of the surface to be
planed after the work has been located
in the shaper,

3. Turn the knobs on the trip dogs in order
to loosen them so that they may be loca-
ted about equidistant from the ends of
the ram slot and spaced a distance approx-
imately the length of the Job for the
purpose of making the trial adjustment.

4, Set the speed-control lever for one of the
slower speeds on the shaper while the

length and position of the stroke are
being adjusted, (Refer to page 58.)

m Make certain that neither
the cutting tool nor the
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S.

7.

10.

11.

FIG.82 ,
ram will strike the work when the shaper is set in motion.

See that the control lever is in its "Stop" position before
startipg the motor which operates the pump for the hydraulic
system. (Refer to pages 42 and 58.)

Cautiously start the shaper, and run the ram to its forward
position; then stop the machine and note whether or not it is
necessary to make a further adjustment of the trip dog which
controls this end of the ram stroke. (Refer to page 64.)

If the cutting tool has run beyond the forward end of the work
more than one-fourth of an inch (the desired clearance at this
end), the rear trip dog has been improperly placed. To cor-

rect this condition, move the rear trip dog forward (to the
left) a distance equivalent to the distance which the tool has
overrun the Job in excess of the usual gquarter-inch allowance,

If the cutting tool, on the other hand, falls short of clear-
ing the front end of the Job by the deS1red distance, move

the rear trip dog back (to the right) a distance equivalent
to this deficiency. (Refer to Fig. 82.)

Make further ad)ustments of the rear trip dog if the first
trial does not produce the result desired.

Start the»shaper again and allow the ram to run to its rear
position; then stop the shaper. .

Observe the position of the cutting tool with relation to
this end of the work. If the tool passes beyond the work
more than three-fourths of an inch, move the front trip dog
back a distance equivalent to the excess in length of the
stroke. Conversely, if the cutting tool does not travel back
sufficiently to clear the work by the required distance, move
the front trip dog forward a distance equivalent to the de-
ficiency in stroke length. (Refer to Flgs. 81 and 82.)
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HOW TO ADJUST THE SPEED OF THE RAM ON A HYDRAULIC SHAPER

1. Read the description of the flow-control and over-
load-relief valve on page 42 and that of the
start-and-stop valve on the same page.

2. Determine the cutting speed in feet per minute rec-
ommended for machining the kind of material in the
Job with the particular cutting material in the
tool. (Refer to the Chart of Allowable Cutting
Speeds - Feet Per Minute on page 308,

3., Select from the speed-index
plate on the shaper, the num-
ber which most nearly approx-
imates that of the cutting
speed in feet per minute as
determined by consulting the
Chart of Allowable Cutting
Speeds (Fig., 83).

4, Loosen the knurled locking disc
when it is necessary to change
the cutting speed of the tool.

F16.63 5. Move lever L in the direction
necessary to place the adjacent index line un-
2 ¢ . der the desired cutting speed in feet per min-
;%/ ute on the index plate. (Refer to Fig. 83.)
,% ’ == 6. Lock lever 1L in position by tightening the

knurled locking dise D,

7. For the series of slower speeds, and for heavy
cuts, push in knob K on the startlng lever,
Then, when the entire setup has been completed
and the shaper is ready to be set in motion,
move the starting lever to its "Low" position.

NOTE: When the starting lever occupies this
position ("Low"), any of the cutting
speeds in the lower arc on the speed dial be-
come available, It is necessary only to move
the index line adjacent to lever L, to any po-
sition desired in order to secure an infinite
number of speed changes on this type of shap-
er., Obviously, the speeds in the upper arc
are available when the starting lever is in
" 1ts "High" position.

8. Pull out knob X on the starting lever and then
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turn it through 180° when one of the speeds
in the faster series has been selected, and
when light cuts are to be made. Then move
the starting lever to its "High" position,
but only when the job setting has been com-
pleted and the machine adjustments have
been made.

NOTE: The cutting speed of the tool in the

hydraulic shaper, when once adjusted
on its speed-index plate, remains constant
even though the length of the stroke may be
made shorter or longer, This is in con-
trast with the crank shaper in which the
cutting speed changes whenever the stroke-
length changes. This latter design, there-
fore, requires that the number of strokes
per minute, and their length as well, be
known in order that the cutting speed may
be calculated. (Refer to page 301.)

HOW TO ADJUST THE CROSS FEED ON A HYDRAULIC SHAPER

Determine the amount of feed to
be used. Base the estimate on
the factors which affect the
emount of feed which can be
used, as indicated in the sec-
tion beginning on page 304,

Move selector lever B toward
the operator, bringing the
word "Cross™ on its hub to
the index line.

Move the directional-reverse
lever A in the direction in
which The work is to feed:
toward the operator for move-
ment of the work in this di-
rection but toward the column
for feeding in the opposite
direction, (Refer to Fig. 85.)

shown in Fig. 86, to the
right (clockwises.

Start the shaper with lever
L (Fig. 84) after making

Page 95
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certain that both the tool and the ram will clear all parts
of the job,

6. Open the feed by slowly turning handwheel C to the left
(counterclockwise) continuing the rotation of the handwheel
until the graduated dial D on the cross-feed screw moves the
desired number of thousandths for each cutting stroke.

7. Disengage the feed by moving reverse lever A in one direction
or the other and aligning the word "Off" on its hub with the
index line (Fig. 85).

HOW TO ADJUST THE VERTICAL FEED ON THE HYDRAULIC SHAPER

1., Determine the rate of feed which is to be used, giving con-
sideration to the influential factors mentioned in the sec-
tion beginning on page 304.

2, Move selector lever B toward the column of the shaper, thus
bringing the word "Vertical™ on
its hub opposite the index line.
(Refer to Fig. 85.) '

3, Move the directional-reverse lever
A in one direction or the other so
that either the word "Up" or the
word "Down" appears opposite the
index line, depending upon which
vertical movement is desired (Fig. 87).

.4, Repeat step No. 4 on page 95.
5. Repeat step No. 5 on page 95.

6. Open the feed by slowly turning the
handwheel C to the left (counter-
clockwise) continuing the rotation
of the handwheel until the gradu-
ated dial F on the elevating shaft
moves the desired number of thou-
sandths per stroke.

=

P HAND VERTICAL FEED

7. Repeat step No. 7 above.

NOTE: The rapid power traverse
unit which functions in con-
nection with the feed mechanism has
been described on page 46; its op-
eration has been explained in How
to Operate Rapid Power Traverse on
F16.86  F16.87 the Hydraulic Shaper on page 62.
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DESCRIPTION -~ WORK HOLDING DEVICES e
(_OBJECTIVES OF UNIT )

1. To describe the principal types of shaper vises,

2. To describe other types of holding devices.

3. To discuss some of the reasons, advantages, and disadvantages
for the selection of the type of holding device.

INTRODUCTORY INFORMATION

The manner of holding the work in the shaper is an important part
of shaper operation, and, although the devices used are simple,
they can be arranged in numerous ways and combined to accommodate
a wide variety of work, It is, therefore, essential that the
shaper operator be familiar with the different types of holding
devices and be acquainted with some of their particular features
so that he can intelligently select the most suitable method of
holding the work.

Most of the small work is held in the shaper vise which is bolted
to the top of the work table. If, however, the work is too large
or for any other reason ¢annot be held in the vise, the vise can

be removed and the work secured to the top or, in some instances,

to the side of the table,

Ordinarily, the shaper table is large enough to support the whole
area of the work, but there are times when large pieces that ex-
tend beyond the shaper table can be convenliently machined if the
overhanging portion is given additional support. The limiting
factors for this procedure are the length of the stroke, the abil-
ity of the tool to reach the surface to be finished, and the ad-
visability of using the shaper for the work to be machined.

Sometimes, what appears to be a very complex setup can be made
comparatively simple by using a holding device called a fixture,
and, although fixture design is beyond the scope of this manuel,
nevertheless, simple arrangements of standard holding devices
combining the methods of holding work as set down in this sec-
tion, are not beyond the ability of the intelligent shaper oper-
ator to suggest or even to design.

Page 98




Machine Shop Practice UNIT 1-T52(B)
Trade Theory Series SHAPER WORK Beginner's Course

DESCRIPTION OF WORK-HOLDING DEVICES
THE SHAPER VISE

The principal parts of the vise are
the base, the body, the fixed Jaw,
the movable jaw, the screw, the han-
dle (or wrench), and the plates which
are attached to the face of the jJjaws.

The bases of the vises(Figs. 89, 91,
and 92) are bolted to the table by
either three or four bolts, the num-
ber of bolts depending upon the de-
sign of the base, The base is gradu-
ated through an arc of 1809 with a
zero (0) position on the left side, a zero (0) position on the right
side, and with a 90° mark in the front, midway between the two zero
marks. On the underside of the base are provided square keys
which fit into the table slots and which square the base on the
shaper table.

The body of the vise is a semisteel casting which fits on the base
of the vise (Fig. 89). The heads of the bolts, which are free to
slide, are held in a circular groove in the underside of the body.
When the vise is being assembled, the bolts pass through holes in
the base and holes in the table as shown in Fig. 90. Washers and
nuts are placed on the bolts which extend into the openings and,
when tightened, secure the vise and base to the table. When the
nuts have been loosened, the vise can be swiveled to form any an-
gle with the direction of the stroke. The pilot in the base pro-
vides a central point about which the body of the vise swivels.

BODY OF VISE

BOLTS ARE
FASTENED ON
UNDERSIDE
OF TABLE

FIG.89 FIG.90
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In the design shown in Fig. )
91, the base acts as a
clamping ring for the body. -
It is split so that it can

be assembled on the projec-
tion called the hub (Fig.

91) on the underside of

the body of the vise. Two
fillister-head sorews hold
together the two halves of

the clamping ring, or base.

The vise may be swiveled

to any angle horizontally

and, consequently, when the
nuts which hold the base to

the table are tightened,

they exert a downward pull

on the flange of the hub

and hold the vise securely

in position,

F aask o
, o

KEY = g, ’
W RILLISTER-HEADR SCREW

The base 1llustrated in

GROOVES ZERD MARK =N Fig. 92 is bolted to the
I g table of the shaper and is

held independently of the

vise body (Fig. 92).

The base is made with a

aircular T-slot to receive

BODY OF VISE Sy #tl\-lows i
. OR

i
o, 7 BOLTS
F:-_il.? .
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The vise (Fig. 89)
the underside of the vise body.
vide additional support when wide pleces are

held between the Jaws or when the vise is used
with the jaws at right angles (90°) to the di-
rection of the cut.
position and the work is held vertically, the
jaws should be offset to permit the ends of

the heads of four T-bolts.
The bolts project above the
base and are made long
enough to pass through the
flange on the bottom of the
vise and to hold a washer
and a nut, When the nuts
are loosened, the vise may
be swiveled horizontally to
any desired angle. The
vise 1s securely clamped to
the base when the muts are
tightened (Fig. 93),

has bosses which are cast on

The bosses pro-

When the vise is in this
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bars to be machined (Fig. 94).

The solid, or fixed jaw, (Fig. 96) 1is
an integral part of the vise body and is
machined square with the surfaces upon
which slides the movable jaw (Figs. 95
and 96), Both the fixed and the mov-
able jaws are usually faced with either
annealed or hardened and ground steel
plates, Although hardened and ground
plates hold their accuracy better and
their surfaces are not so easily dam-
aged, annealed plates have a slightly
greater gripping power, The plates

may be removed by taking out the screws
which attach them to the jaws. This
becomes necessary only if the plates
need to be reground or machined.

Moveble vise jJaws are operated ZTHEMOVABLE il 5/

by either single or double PLANED OR_( SR

screws. The movable jaw (Fig. GROUND FACE . €Y% PLATE
95) 1is operated by a single USUALLY
screw and is provided with GUIDES —k P N HARDENED

AND

guides to hold it square. The GROUND

straps are bolted to the under-
side of the block and are ad-
Justed to allow the movable jaw
to slide without the tendency
to 1ift excessively.

The vise screw passes through
a nut which is attached to the
bottom of the movable jaw; two
bearings. one at each end of
the casting, support the screw
(Fig. 96). A large washer
is placed on one end of the
screw to receive the pull
caused by the tension on the
screw when the vise has been
tightened. The lock nuts or
adjustable collars hold the
washer in place and provide
for necessary adjustment, The
movable jaw of the single-
screw vise has a flat top which
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may be used as a surface plate for use with measuring instruments.

A vise also may be equipped with
double screws (Fig. 97}. The
movable Jaw of this vise is made
without guides and, in addition to
holding straight work, it will hold
work with a slight taper. When the
nut B has been loosened, the movable
Jaw can be moved forward by hand un-
til it is against the work., The jaw
is forced agalnst the object by two
setup screws which are held in a
special block and which can be ad-
Justed to suilt the position of the

MOVABLE JAwW

SPECIAL BLOCK

e ok Fs movable jaw. When the nut A (Fig.
{SEE BELOW) 98} has been loosened, the special

block may be ralsed so that the
tongue on the underside may be 1lift-
FIC.97 ed clear of the groove. The block
may then be moved to any posi-
tion in which the tongue
and groove colincide
and in which the ad-
DOUBLE-SCREW VISE BN Justment is enough
; % to allow the screws,
when turned, to
force the movable
Jaw against the
work, When the
nut A has been
tightened, pres-
sure can be ap-
plied to the
movable jaw by
tightening the
two setup screws.
Finaslly, the nut
B must be tighten-
ed to hold the mov-
able Jaw firmly
against the surface
of the vise body.

FIG.%8

The shaper and planer vise illustrated in Fig. 99 1is fre-
quently found in machine shops. The vise embodies the same
principle as the double-screw vise, but the special block

which holds the set screws is furnished with two plates in-
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stead of the tongue and groove
used in the previous design N

(Fig. 98). In addition, the MaveDE

block has a ledge upon which 3 SPECIAL BLOCK

FIXED JaAaw

rests the undercut surface of
the movable jaw, Three small-
er set screws teke the place
of the two heavier screws

with which double-gscrew vises
are equlipped. The Jaws of
this vise are not faced with
steel plates,

The selection of either the
single- or double-screw vise
will depend upon the nature
of the work., The preference
for the single-screw vise 1is
based upon the fact that the single-screw type is simpler and quick-
er to operate; on the other hand, the double-screw vise has the ad-
vantage of belng able to hold work with a slight taper and to hold
the movable jaw very securely against the work.

For tapered and irregularly shaped pleces, a vise (Fig. 100} with a
swiveling movable Jaw may be used, The jaw 1s pivoted on a central
stud which allows the jaw to align itself against the side of the
object. Two bolts are used to clamp

the jaw in position., It should be

observed that the screw draws the

swiveling jaw to the work in-
stead of forcing the jaw for- SWIVELING i . CLAMPING
ward, Whenever the vise is MOVABLE P < BOLTS
to be used to hold regular- Jaw

ly shaped pleces with
parallel sides, the
swiveling jaw must be
set in line with the
fixed jaw, This is
accomplished by us-
ing a dowel pin which
is provided for lo- : % A derhed
cating the swiveling », A 171 A e
Jaw in proper align- i & Mo N s TO TAPERED

WORK

ment with the fixed Jaw. _ D N S -~ Y,

A

Manufacturers of shapers
supply a vise as part of
the regular equipment of the
machine, leaving the decision,
however, as to the type of vise to FI6.100
the purchaser.
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PARALLELS

~ It is not always practicable to place the work between the Jjaws of
the vise or to lay the work directly on the table without some sup~
porting piece underneath, Sometimes projections on the underside
of the work require that the plece be raised to clear the projec-~
tions, or it may be necessary to raise the work a definite amount,
or otherwise to simplify the machining operations. These support-
ing pieces are called parallels (Fig. 101), They are square or rec-
tangular bars A made in pairs of elther cast iron or steel. Fre-
quently parallels are made by cutting off two pleces from a square
or rectangular bar of cold drawn steel, or they may be accurately
machined to any desired size, For general shaper work, the larger
parallels are often made of cast iron and have grooves cut the en-
tire length of their surfaces as shown at B, The purpose of this
is to lighten the parallels somewhat and present less area to be
cleaned and to be kept free of burrs, Another method of lighten-
ing parallels is to undercut the sldes and cut holes in the webs
as 1llustrated at ¢. When extreme accuracy is required, the par-
allels are made of steel which is hardened, seasoned, and ground.

There 1s no definite standard as to how high, wide, or -long a par-
allel must be, Opinions vary as to what are the most suitable
sizes to have avallable for use with the shaper. Manufacturers
usually sell parallels in sets which are designed so that when
used singly or in combinations they will give a wide range of
sizes, For general shaper work, parallels should range progres-
sively from about 1/8" high, 1/4" wide, and 6" long, up to about
. 3" high, 1-1/2" wide,and 12" long. To sult special purposes, how-

~ever, it is often more economieal and more practicable to make or
purchase a set of parallels instead of using available parallels
in combination,

Occasionally, adjustable parallels D very convenlently can be used
to support the work in the shaper vise. As the parallels can be
set and locked to micrometer measurement, any height from 3/8" to
2-1/4" can be obtained with a set of these parallels.

S o

£ PARALLELS, o™

FIG.101
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€ SHAPER BOLTS

The most convenient method of fastening work or work-holding devices
to the table is by the use of T-head bolts. For holding vises and
many other types of work and work-holding devices, the square T-head
bolt (Fig. 102) 1is ordinarily used. The heads of these bolts fit
Into T-slots which are cut In the shaper table, The square T-head
bolts must be inserted in the end of the slot and moved along
lengthwise to the desired position., The bolts cannot turn in the
slot or be lifted out of the slot, which, of course, is the purpose
of the square head and the T-slot,

Ay ﬁ‘i\

£,

< For use with some setups, it 1s more convenient to place the bolt
in the slot after the work has been placed on the table. For this
reason, a cut-away T-bolt (Fig. 102) 1is manufactured., This bolt
can be inserted into the slot and then turned, The head is made
narrow enough so that it can be placed in the top of the slot,
and, as the length is longer than the width, a partial turn of the
bolt causes the head to catch on the side of the T-slot and thus
prevents the head from further turning. Beslides, the head catches
4 on the underside of the slot and prevents the bolts from being
pulled out.

§1€ "

For types of work in which different lengths of bolts are required,
_ the tapped T-head bolt {Fig.102) 1s frequently used. The head, or
block, 1s tapped to receive a stud which may be made to any desired
# length and on which a thread 1s cut on both ends. The head of the
bolt can be inserted into the T-slot and moved along to the assign-
- ed position, The stud is then screwed into the head as far as the
shoulder of the thread will permit. The shoulder will prevent fur-
ther turning of the stud in the head when the nut is being tight-
ened, The assembled bolt, likewise, is held in the slot by the
{ head., A nut and a washer are furnished with each bolt.

= Bolts, alone, are limited in their use to objects that have holes
or slots to recelve them. Used with clamps, however, bolts may be
utilized for innumerable purposes.,

TAPPED P

COT-AWAY
T~BOLT

FIG.102

Page 105




Machine Shop Practice UNIT 1-T52(B)
Trade Theory Series SHAPER WORK

Beginner's Course

STRAPS OR CLAMPS

Clamps are designed to hold objects which
have & wide range of sizes and shapes.
Usually the styles purchased from the man-
ufacturers are sufficient for most pur-
poses, but there are occasions when special
ones must be made, As clamps are subject
to severe usage,they should be made of
tough, heat-treated steel.

The plain clemp, illustirated in Fig. 103,
is stiff and strong and is used for gen-
eral clamping purposes, It is made with
an elongated slot, or hole, through which
the T-bolt passes., The bottom of the
clamp is flat; the top and the sides ta-
per. The shape of the work to be clamped
must be such that the clamps can be plac-
ed in a position which will not interfere
with the machining of the surfaces.

An exceedingly useful clamp is the U-clamp
(Fig, 104) which is made with a continuous
slot, and is open at one end. The U-clamp
has an advantage over the plain clamp
which has a closed slot, because it can be
removed without taking the nut off the T~
bolt, and the bolt can be located in the
most advantageous position for clamping by
pushing it elong the slot in the clamp.
The disadvantage of the U-clamp is that it
has a tendency to spread and bend under
heavy clamping pressure, The U~clamp may
be purchased with or without a finger, but
although the finger adds to the usefulness
of the clamp,it is better to use the lat-
ter type (Fig. 105) whenever this type can
be employed.

When a finger clamp is used, the finger is
usually supported in a drilled or cored
hole in the work. This is a convenient
method of holding the work without inter-
fering with the machining operations.
Drilled holes, however, may be objection-
able, and, unless a cored hole is avail-
able, another type of clamp must be used.

Duplicate pieces with cored or drilled
holes in their sides can be held with a
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R eeasmerer] - double finger clamp illustrated in Fig.
DOUBLE FINGER

106, As the double finger clamp 1s a
1ittle shorter than the usual style of
clamp, the work can be placed so that
ocne bolt will clamp the two pleces .

A gooseneck, or offset clamp is shown in
Fig. 107. The offset feature of this clamp
allows the top of the clamping bolt and

the nut to be below the surface to be planed,

The adjustable clamp shown in the insert
(Fig. 103) is similar to the plain clamp,
except that the adjustable clamp has a set
screw in a tapped hole opposite the clamp-
ing end. This adjustable device allows
the back of the clamp to he raised or low-
ered by turning the screw to the right or

%] to the left. By this means the clamp may
; be gquickly adjusted to the height of the
clamped surface without the use of packing
strips. The single-polnt contact of the
screw may or may not be an advantage,  If
the part to be clamped has a curved sur-
face, there wlll be a tendency for the
clamp to slide off the work. In contrast,
1f the clamped surface were flat but set
at an angle causing the clamp to be tilted
slightly sideways, then the single-point
contact of the screw would be an advan-
tage. The final declision, as to whether
an adjustable clamp or a plain clamp is to
be used, must be left to the judgment of
the individual, '

The clamps previously described are usual-
ly adequate for most clampling purposes,
but occasionally a special clamp is prefer-
able, such as the one illustrated in Fig.
108, The clamps are placed between stops
lnserted in the table slots and the work to
g ' be clamped. When the nuts on the bolts are
STRIPS BOLTED B8 tightened, the work is forced downward on
TO TABLE G ! +the table, It should be noticed that four
7 - f slots 1n the table are requlred for this
setup; whereas most shaper tables are pro-
vided with three slots. Thls deficiency
can be overcome, however, if a strip 1is
clamped on both sides of the table and al-
lowed to project above the top of the ta-
ble about one inch in order to take the
thrust of the clamps., (See Fig. 108,)
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STOPS

Stop pins (Fig. 109) are used to prevent
movement of the work on the table. They
can be placed at the ends or along the
sides of the work in order to take the
thrust of the tool, or they can be used
to hold the work to the table. For lo-
cating the stops in relation to the work,
the table is provided with holes in addi-
tion to the T-slots, Plain stops, as
shown at A, may be round or square pleces
of steel Turned down at one end to fit
the table slots or the reamed holes in
the table, O0Often stop pins are plain
blocks, B, which can be inserted into
the table slots, or they may have holes
drilled or slots cut through the center
so that they can be held to the table
with bolts., Others, D, are provided
with steps which catch on the underside
of the T-slots. These are Inserted in
the ends of the T-slot. and then pushed
along to the required position. The
stops, illustrated at C, D, and E, are
tapped to hold set screws which can be
tightened directly against the work or
can be used in connection with toe dogs
(Fig. 110), =~ The screws are Set either
straight or at an angle, those set
straight usually being used to take the
thrust of the tool and the ones inclined
at an angle used to exert a downward
pressure when the work is being held.

TOE DOGS

A similar method of holding work is em-
ployed when thin meterlal 1s held on the
table with toe dogs (Fig. 110). The
dogs are forged from round steck with
elther a flat end as shown at A or a
pointed end as shown at B. At the oppo-
site end, a counterbored hole 1s made

to recelve the end of a screw which 1s
used to foroce the toe dog against the
work, The narrow edge or the point of
the dog, whichever 1s used, allows clear-
ance for the tool when thin metal 1is be-
ing planed, while the slight angle at
which the dog is set holds the work se-
curely to the table,

Page 108

il

npd

N

bt

s

o w



Machine Shop Practice UNIT 1-T52 (B)
Trade Theory Series SHAPER WORK Beginner's Course

HOLD~-DOWNS

Hold-downs (Fig. 111) are thin, wedge-shaped
pleces of hardened and ground steel used prin-
cipally to hold work in the vise. The larger
edge, which is placed against the vise jaws,
is ground at an angle of 92° with the under-
side; the thin contact edge 1s left square
with the bottom, or, in some cases, is round-
ed slightly. When the job and the hold-downs
have been placed in position, and the Jaws of
the vise have been tightened, the hold-downs
are tilted slightly, a position which forces
the work down on the supporting surface,

This method 1s used to hold flat work which
cannot be held conveniently by other methods.
It is especially sultable for holding thin
metal and for holding a Job when a small
amount is to be removed from the surface,
With this arrangement, the work can be held
securely without distortion, and, at the
same tlme, there is ample room for manip-

ulating the shaper tool. ‘ , s
- - ALIGNING /8
ALIGNING STRIPS, OR BARS ‘ STRIPS

Aligning strips (Fig. 112) are placed on the
shaper table as a guide to setting the work
parallel, at 909, or at an angle to the d4i-
rection of the stroke. They may be used al-
so as stops against which the end of the ma-
terial may be placed when duplicate lengths
are being cut off from a plece of stock.
Aligning strips can be plain bars, as illus-
trated at A and B, They may both be held to
the table with cTamps and bolts and, in the
case of B, with bolts which pass through the
slot. These strips may be located and set
in any desired position on the table, but
they should be securely braced with stops to
prevent their shifting if the work is held
against the strips with set screws,

The two styles of aligning strips illustrated
at C and D are provided with tongues which

fit into The table slots, This limits the use
of these strips to being set parallel with the
travel of the tool as shown in the inserts E
and F., The tongues, however, make possible a
quick and easy alignment of the strips par-
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allel with the direction of the cut. In addition, the tongues pre-
vent the strips from shifting, The aligning strip shown at E may
be reversed so that the high side of the strip also can be placed
against the work.,

To locate and align round shatting on the shaper table, the angular
aligning strip shown at G 1s sometimes used. The strip is aligned
parallel with the directIon of the cut by placing the tongue of the
strip in the table slot H. Bolts secure the strip to the table,

The sloping face of the aligning bar is made so that it will form an
angle of about 80° with the top of the table, When the round shaft
is forced agalnst the bar by the screws of the stops, the shaft will
in turn be forced downwards by the slope of the bar. A binding
plece is inserted between the screw and the shaft to protect the
shaft from the end of the screw and to present a flat surface for
the point of contact. As the center of the screw is above the cen-
ter of the shaft, the packing block is placed at the bottom of the
binding pilece.

V-BLOCKS

In addition to the method of placing shafts and
round pleces directly on the shaper table, round
work may be held in rectangular blocks with 90°
V-shaped openings cut in one or more of thelr
sides., Shafts are usually many times longer

in proportion to their diameters, and for this
reason two blocks are ordinarily used to support
the work. As the openings resemble a ¥V, they
are called V-blocks (Fig. 113).

Although styles of V-blocks vary considerably,
probably the two most practlcal styles are

those illustrated at 4 and B. The one illus-
trated at A has a flange on the base, the ledge
of which is used to support the point of the
clamps when the block 1s clamped to the shaper
table. On the underside of the block is a rec-
tangular groove which is cut the entire length
of the V-block and into whliech square blocks, or
tongues, are inserted and held in place with
screws. The tongues project below the undersur-
face of the V-block so that when it is placed on
the table the tongues fit into the table slot
and align the V-block parallel with the direc-
tion of the cut. Although this 1s an advantage,
it l1imits the position of the V-block to placing
it ecentral with the table slots., Because of the
spacing of the slots on the table, frequently
the c¢lamping bolts cannot be placed near enough
to the work that they are intended to clamp.

P 116.113
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For this reason the tongues can be removed from the underside of the
¥-block so that they can be placed nearer to the clamping bolts., Al-
though it is a simple matter to remove the tongue, nevertheless it
saves time to have avallable V-blocks without tongues, as illustrat-
ed at B, With this style, the flange also has been omitted so that
the V-block can be placed as close to the clamping bolt as possible.
Time and care, however, are required to align, or set, this style of
V-block in the desired position.

Occasionally, special V-blocks such as those i1llustrated at C can be
used, This type of V-block has the advantage of having tongues s0
that it can be aligned quickly and accurately with the direction of
the stroke, It also is provided with flanges which permit it to be
clamped to the table. In addition, it carries its own clamping de-
vice to hold the work in position and thus eliminates the necessity
of shifting the V-block so that the clamping bolts can be placed
near the work.

ANGLE PLATE

Work and odd-shaped castings which must be held at right angles to a
finished surface can be held by clamping the finished surface to an
1-shaped device called an angle plate (Fig. 114). These angle plates
are made either of steel or cast iron and are accurately machined to
an angle of 90°, TUsually angle plates for shapers are made of cast
iron with a rib in the center to support the two adjoining sides and
with elongated holes through which bolts pass to hold the work to

the angle plate and to bolt the angle plate to the table.

On the underside of the base of the angle plate B are cut two rectan-
gular slots at 90° to each other., Into these slots tongues or keys
may be fitted and held in position with screws., The tongues may be
placed in either one of the slots, depending on whether the angle
plate 1s to be placed parallel or at 900 with the direction of the cut,

pik )

The bolt slots in
the base are cut
parallel with the
length of the
angle plate so
that when the
tongues are lo-
cated in the T-
slot, as illus-
trated at 4, the

holes will extend
over to the adja- . Gp o B :
cent T-slots, u SSLeTl, M | FIG.114

Whenever it is necessary to set the angle plate on the shaper table
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v

at an angle with the direction of the ecut, the tongues may be removed
entirely from the rectangular slots. To avoid the necessity, there-
fore, of changing and removing the keys, an angle plate, C, with a
plain base may be used. Also, because of the position of the angle
plate on the table, it may not be possible to use the bolt holes in

the base, for in order that the bolts may pass through the angle-

plate slots, they must coincide with the table slots. If this should
be the case, the angle plate must be fastened to the table with ’
clamps., Stops also may be necessary to prevent the plate from shift-
ing. Often, however, by rearranging the-setup or by shifting the an-
gle plate slightly on the table, one of the bolts may be utllized to
hold one side of the plate and clamps may be used to secure the remaln-
ing portion, Furthermore, bolts whleh pass through slots or bolt holes
have a greater gripping power because of their direct gripping action
as compared with the lever action of the ¢lamp, and should be used -
whenever practical when two surfaces are being clamped together.

C-CLAMPS

There are times when clamps
and bolts cannot conveniently
be employed to hold parts to-
gether, and for this reason
other clamping devices have
been designed which may be
substituted. One of these de-
- vices is the C-clamp illustra-
C"CLAMPS €/ o4 in Fig. 115. As the name
Mg S fmplies, it is shaped like the
letter C. The clamp should be

: — made of tough steel. and heat
treated after forging to increase its strength and to reduce any
tendency to spring. The parts to be held together are clamped between
the pad and the end of the screw, and when pressure is applied by
turning the screw, the pleces are held tightly together.

The C-clamp illustrated at A is a heavy-duty clamp with a plain
serew and, consequently, unless some means 1s used to protect the
surface being clamped, the end of the screw will mar the surface,
This may or may not be obJectionable. To overcome this, the screw
in clamp B is provided with a swiveled end so that when the end of
the screw makes contact with the work it stops rotating but allows
the serew to continue to turn and apply additional pressure, Add~-
ed protection for the surface being clamped may be obtained by
placing a plece of soft metal or cardboard under the swiveled end
of the screw and another plece on the pad of the c¢lamp. The swiv-
eled end of the serew has an additional feature 1ln that it allows
the swiveled end of the screw to align itself against a tapered or
an lrregular surface.

The styles of clamps vary considerably. For light clamping pur-
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poses, the one illustrated at B can be used, whereas for use when
considerable clamping pressure is required, the heavy-duty clamp
Illustrated at A is preferable. Special styles may be purchased as
desired. ’

When the size of the clamp is being deslignated, the distanc® between
the end of the screw and the pad of a fully opened C-clamp is called

the capacity; the distance from the center of the screw to the inside
- edge of the C-clamp ls termed the throat. Ordinarily, C-clamps are
made with narrow throats because there is less straln on the clamp
when the distance from the screw to the back of the clamp is short,
Should it be necessary that the screw applying the clamplng pressure
be at some distance from the edge of the clamped surface, then a
C-clamp with a deep throat must be used, -C~clamps are quickly and
easily adjusted, and are convenient and handy when used in the cor-
rect situation.

MACHINIST'S CLAMPS

Another style of clamp that is used con-
Siderably is the machinistts, or parallel,
clamp (Fig. 116). This clamp is espec-
ially sultable when the pieces to be
held together are parallel and have a
machined finish,

The machlnist's clamp consists of two
screws and two Jaws which embody the

same principle of gripping as do the
clamps and the bolts (Fig. 199) with

the exception that the machinist's clamp
1s self-contained and needs no addition-
al support., Screw C takes the place of
the supporting block in Fig. 199 and can
be adjusted to suit the width of the sur- -
faces to be clamped; and, similarily, serew D is substituted for the
clamping bolt which 1is used to apply the clamping pressure. The
shoulder of the center screw D has been made convex to rest on a con-
cave seat which is cut in the outer side of the jaw A, This con-
struction allows the jaws to tilt slightly. The end of the screw c
is turned down to fit loosely into a blind hole that is drilled in
the face of the jaw and toward the end. )

The jews are made >f tough, drop-forged steel, and, together with the
screws, are heat treated to increase their strength. Both holes in
the Jaw B are threaded; the holes In the jaw A are plain, When the
clamp is adjusted properly, it holds very securely, and if a strip

of soft metal or cardboard iIs placed between the Jaws and the clamp-
ed surface, the Jaws of the clamp will not mar the work. The ma~
chinist's clamp is light, handy, and convenient, but not particularly
powerful.
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JACKS

In spite of all the clamping devices and
methods of holding work on the shaper ta-
ble, it is not always possible to level

- work or to support overhanging pieces
properly without the aid of a Jack (Fig.
117). A jJack can be easily slipped under
the work, the screw adjusted to the height
of the supported surface, and then the
serew locked in position so that it does
not jar loose.

The body of the Jack A is threaded to re-
ceive the screw which may be raised or
lowered by turning, The screw has a
ball Joint at the top which allows the
end to swivel and to bear evenly agalnst
the surface of the work.

without some form of locking device, the
serew of the jack would be jarred loose
by the vibration of the machine, To over-
come this, the body of the Jack is split.
at the upper end so that when the clamp-
ing nut is tightened the threaded portion
of the screw is gripped and held securely.
This, however, 1s not the only type of
5 locking device. Sometimes an extra nut
16,117 is placed on the screw near the top of

: the jack as illustrated at B. After the
top of the screw has been set to the
height of the supported surface, this extra nut is given a partial
turn clockwise., Thus the scerew is locked tightly by being drawn
against the thread in the body of the Jack. ' :

Jacks are made in various sizes to accommodate different heights of
work, If a jack is not high enough to reach the work, a small jack
may be placed on a block, or an extension base may be used.

When a bolt and clamp are used to hold an overhanging surface, a

jack placed underneath the work makes a very suitable support. Jacks,
then, are a very convenient means of leveling, bracing, and support-
ing work, A set of them should always be available, especially when
a large variety of work must be set up on the shaper table,

SHIMS AND WEDGES

Whenever a rough casting or uneven work is secured directly to the
shaper table, the uneven surfaces must be supported to prevent rock-
ing, It is especially important to have a solid foundation under
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the part to be clamped. This support will
prevent any spring or distortion due to the
pressure of the clamps. As these spaces
are usually small, thin strips of metal,
wood, cardboard, or paper, called shims,
are used as packing. )

Sometimes it is more practical to use a
wedge, which is a pilece of steel thinner at
one end than at the other, The thin end of
the wedge can be inserted into the space and
then tapped slightly to make a solld base.
When work must be leveled on the table, the
wedge is often preferable because the low
spot can be easily raised by inserting a
wedge at the proper place and tapping or
driving it in as may be required. Although
wedges and shims can be made of almost any
material, they are usually made of metal.

FiG.llB
PACKING AND STEP BLOCKS

Square or rectangular blocks are used to support straps, or clamps,
at the end opposite the work. As the clamp must be level to obtain
meximum gripping power, blocks are made in various sizes so that
they can be used singly or in combination and in such a manner that
the height of the supporting surface corresponds to that of the work.
Usually packing blocks are made of metaly however, wood blocks are
often substituted.

To suit the various heights to which the end of the clamp must be
supported, the step block with its series of raised surfaces is an ex-
ceedingly handy
piece of equip-
3 e ment. Although it
STED & PACKING ‘ is difficult, in
BLOCKS 4 - f all cases, to fore-
F tell at what height
the clamp must be
supported, never-
theless, the slight
variation between
the height of the
selected step and
the height of the
work can be elim-
inated by putting
a thin packing
strip between the
clamp and the
step to be used,
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FIXTURES

A fixture (Fig. 120) 1s a speclal

device designed to hold irregular-

1y shaped jobs which cannot be

p held by the usual methods and to
AMP SWUNG

?h#gCWEN 3 hold pleces which are required in
POSITION large quantities,

Both the fixture and the tool are
moved during shaper-machining op-
erations and for this reason a
fixture for shaper work ls used
principally as a holding devlice,
The larger flxtures are usually
fastened to the table; the small-
er ones are often held in the
vise, ‘

A good fixture is made so that the
work 1s located accurately, secur-

716.120 ed quickly and firmly, and releas-
: ed easily.

Whether or not a fixture should be used depends upon many factors.
If there are a large number of pieces to be made and if the cost per
plece can be reduced by using a fixture, one may be Justified. 0d4dd-
shaped pleces that are awkward to handle and require considerable
time to set up may often be easlly and quickly clamped in a fixture.
On the other hand, to make a fixture for one or two pieces, even it
the pleces are difficult to hold by the usual methods, does not, as
a rule, warrant the cost.

FIG.121 )

SPECIAL VISE JAWS

7744 special vise jaws and shaped

‘ vise blocks, although not ordi-
narily classified as fixtures,
have a great many possibllitles
for holding work which would be
difficult to hold in any other
way. Only three simple examples
are given in Fig. 121, but it
should be remembered that these
types of holding devices have a
great many adaptations and in many 1n-
gtances can be used instead of expen-
sive fixtures,

Page 116

i P——




HOW TO MOUNT
WORK-HOLDING
DEVICES

. Unit 1-p52(B) Pages 117

to 150

i e o Bk 2 it e A

. : WORK ON

Y
%
8

1 UNIVERSITY OF THE STATE OF NEW YORK
 STATE EDUCATION DEPARTMENT |
| BUREAU OF INDUSTRIAL AND TECHNICAL EDUCATION




Machine Shop Practice UNIT 1-P52(EB)
Fundamental Process Series SHAPER WORK Beginner's Course

HOW TO MOUNT WORK-HOLDING DEVICES e
OBIECTIVES OF UNIT

l. To explain how to mount and dlsmount the shaper vise.

2, To explain how to set the vise parallel, at 90°, and at an
angle with the direction of the stroke.

3. To explain how to use other work-holding devices,
INTRODUCTORY INFORMATION

The student will find it much easier to select the most sultable
type of holding device if he has read the description of work-hold-
ing devices given in the preceding section, Of all the work-holding
devices, the vise is the most extensively used., It 1s heavy and
awkward to handle, however, and for this reason it should not be
taken off the table unless some other method is to be used to hold-
the work. If more than one shaper 1s available and 1f the shapers
are being used for a variety of work, it is sometimes convenient

to keep one shaper for vise work, thereby saving the time and labor
required to mount and dismount the vise on the table,

In addition to vises, there are many types of holding devices rang-
fing from the simple clamp to more specialized devices designed to
meet the requirements of a special plece of work. Although the de-
vices illustrated in this section are of standard design, the ex-
perienced operator may often be able to suggest slight modifica-
tions which would save considerable time and labor whem the job

is being set up.,

Finally, it is important that all work-holding devices be careful-
ly and properly stored when not in use. Proper storage of the
parts to prevent damage and proper cleaning and oiling to prevent
rust and to insure smooth operation, are some of the essential
routine duties of the good mechanic,

TOULS _AND EQUIPMENT

Shaper Necessary Wrenches Angle Plate
Parallels Slot Cleaner Mill File

C-clamps - Lead Mallet Packing Strips.
Stops Cleaning Cloth Step Blocks

Toe Dogs T-head Bolts : Wedges & Shims
Hold-downs Magnifying Glass Special Vise Jaws
V-~blocks Shaper Vise : Square & Protractor
Jack Assorted Clamps Tissue Paper
Fixtures Machinist's Clamps Indicator

Brush Aligning Strips . 011 Can
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HOW TO MOUNT A SHAPER VISE WITH A DETACHED BASE
— ON THE SHAPER TABLE

8.

10.

ON THE R TABLE

PROCEDURE 3

weth a.

Read the description of the vise illustrated
on page 99, Fig. 89, and note that the base
is separate from the vise body and that three
bolts are used to hold the vise and the base
to the shaper table. :

Firsﬁ, thoroughly clean the table.

Draw the slot cleaner (Fig. 122) through the
entire length of the table so that all dirt FIC.122
and chips are removed.,

Use a brush to brush off the chips from the table top'before
and after cleaning the chips from the slots,

Wipe the table top with a clean cloth,

Inspect the surface of the table for burrs, If burrs are
present, remove them with a file., Use care when burrs-are be-
ing removed so that the table is not damaged by excessively
filing cr scraping the surface.

Clean thoroughly the base of the vise, be-
ing sure that all chips are removed from
the slots to prevent them from getting be-
tween the underside of the base and the
table top (Fig. 123).

Place the base on the table with the grad-
uations toward the front (Fig. 123).

Align the key attached to the base with
the key slot in the table and lower the base.

Clean thoroughly the body and the base of
.the vise (Fig. 124).

NOTE: If preferred, a bar can be tightly
held between the vise jaws so that

this end of tne vise can be held securely

when it is being lowered onto the base.

[-TTR]Y}] Three persons are required

to mount the vise on the

base. FIC.124
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11, Have two persons hold the body of )
the vise above the base and the third
person place the bolts around the -

T-slot so that they coincide with the
slots in the base (Figs. 125 and 133).

12, Lower the vise carefully to the base
when the person arranging the bolts
glves the signal. Be sure that the
pilot upon which the vise swings en-
ters the recess in the vise body.

m Arrange the bolts ap-

proximately in posi-
tion before lowering the vise. The
final adjustments must then be made
with a rod. Under no clircumstances
must. the fingers be placed between
the vise and the base at this time,

OPENINGS IN
TABLE SLOTS
FOR WRENCH

15, Place a washer and a nut on each of
the three bolts which protrudes

. through the table, and screw the nuts

on just far enough to hold the vise and the base to the table,

14, Rotate the vise until the zero mark on the vise colncides with
the desired graduation on the base, and tighten the nuts se-
curely, '

HOW TO MOUNT A SHAPER VISE WITH A CLAMP-RING BASE

1. Read the deseription of the vise i1llustrated on page 100, Fig,.
81, and note that the base acts as a clamping ring, In the
illustration the base is shown separated from the vise in or-
der to make clear the construction and method of c¢lamping;
however, the base 1s not removed when the vise is mounted on
or taken off the table.

First, thoroughly clean the table and
the base of the vise, following the
procedure given on pasge 119, instruc-
tlons Nos, 3 to 7 inclusive,

Place the vise, with base attached,
on the table with the graduations
toward the front (Fig. 127).

Align the key attached to the base
with the selected T-slot, which is
usually the second from the right
on the operator's side, and lower
the base and the vise to the table.

FI1G.127
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S.

Se

4,

Place a bolt in each end of the two
table slots which correspond to the
bolt slots in the base of the vise,
Be sure that the two back bolts can
be placed in the table slots after

the base is placed on the table,

Move the bolts along to enter the
slots 1n the vise base.

Place a washer and a mut om each of
the bolts and screw them on Jjust
far enough to hold the vise in place.

Move the vise around to the desired position and tighten the
four bolts. The vise and the base will then be secured to
the table and will not shift under the heaviest of cuts,

=

s \\\\\\\\

HOW TO MOUNT A SHAPER VISE WITH
ASE .

=

Read the description of the vise 1llus-
trated on page 100, Fig. 92, and note
that the base 1is clamped to the table
independently of the vise., The base
is not detached, though, when the vise
is. mounted on or taken off the table,

First, thoroughly clean the table, (Follow the
procedure given on page 119, instructions Nos.
3 to 7 inclusive.) . :

Place the bolts in the table slots before lowering
the vise to the table if the base has bolt holes in-
stead of slots, If the base has slots instead of .
bolt holes, the bolts may be moved into place afterwards,

Allow the bolts to enter the bolt < W& N NI
holes in the basej then lower the / = L
vise and the base to the table. L\ > 0

Place a washer and a nut on each
bolt and tighten the four nuts,
These will hold the base to the table.

Rotate the vise until the zero mark
on the vise coincides with the de-
sired graduation on the base,

Tighten the four nuts on the vise.
These will secure the vise in posi-
tion on the base (Fig. 131).
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FIG.132

2.

HOW TO DISKMOUNT A SHAPER VISE WITH A
DETACHED BASKE FROM THE SHAPER TABLE

Clean off all chips from the vise and
the table with a brush,

Loosen and take off the three nuts and
washers from the clamping bolts which
pass through the table and project
from the underside, ‘

NOTE: A bar can be gripped between

the vise Jaws 1n order to pro-
vide handles for lifting the vise
more conveniently (Fig. 133).

Lift the vise so that the bolts clear
the base, and place 1t on a bench or
a sultsble tool stand.

Remove the base from the table,

Clean around the vise screw and other
parts that were inaccessible before
the vise was taken off the table.

Wipe the parts with an oily cloth to
prevent rusting,

Assemble the vise and the base and
put the nuts and washers on the bolts.

Place the vise on a stand near the
machine or store it in an appropriate
and safe place to prevent damage or
Injury to the surface of the jaws or
to other parts of the vise,
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HOW TQ DISMOUNT A SHAPER VISE
1TH AN ATTACH ASE

Although some vises have detachable bases,
other vises are attached to the base with a
clamp ring {page 100} or with four T-head
bolts, which are held in a circular T-slot in
the base (page 100}, In each case, the vise
is not removed from its base when it is be-
ing mounted on or taken off the shaper table.

1. Clean off all chips from the vise and the
table with a brush.

2, Wipe the vise with a cloth. 1If a coolant
‘as been used, the vise should be dried
with waste or rags.

2. Remove the four nuts which hold the base
to the table (Fig. 137).

4, Lift the vise with the base attached, re-
move it from the table, and place it on a
bench or a tool stand large enough to
hold the wvise (Fig. 138).

5. Clean around the vise screw and other
parts that were Iinaccessible before the
vise was teaken off the table,

6. Wipe the parts with an olly cloth to pre-
vent rusting. '

7. Place the vise on a stand near the machine,
or store the vise in an appropriate and safe
place to prevent injury to the surface of
the jaws or to the other parts of the vise,

N
e

8. Remove and clean the T-bolts and place them,
with nuts and washers replaced, with the
ViSe. ’

7

<
, ’%%?

//
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HOW TO SET THE SHAPER VISE WITH THE AID OF THE
CRADUATIONS ON THE BASE

PARALLEL WITH THE DIRECTION OF THE STROKE

1. Loosen the clamping nuts on the
bolts just enough so that the vise
will swivel on the base.

2. Note whether the bolts hold the vise
independently to the base or whether
the vise and the base are clamped to
the table as a unit, (Refer to
pages 99 to 100.)

3., Set the zero mark on the vise with
the 90° graduation on the base..

A

216.179

4, Tighten the nuts on the clamping
bolts Just enough to hold the
vise in place,

5. Lightly tap the vise into position
with a lead mallet if it is neces-
sary to adjust the setting. Use a
nagnifying glass to magnify any
slight variation in the position of
the matehing lines, thereby making
it possible to adjust the markings
more accurately (Fig. 140).

6. Sécurely tighten the clamping nuts
after the vise has been finally
checked and set.

AT RIGHT ANGLES (90°) ToO
THE DIRECTION OF THE CUT

1., Loosen the clamping bolts,

!

$
¥
&
Al

2. Move the vise around until the handle of
the vise 1s toward the front and the two
zero marks on the vise coincide with the
zero graduations on both sides of the base,

D3I

=
o

we
=
X
=1
=
L}

3., Tighten the nuts on the ¢lamping bolts
Just enough to hold the vise in position,

4, Examine the setting, and, if an adjustment’

must be made, tap the vise into position
with a lead mallet.
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5. Preferably,use a magnifying glass when
the setting is being checked.

6. Tighten the clamping nuts securely after
the vise has been finally checked and set.

AT AN ANGLE TO THE DIRECTION OF THE STROKE

1. Read both the instructions given on psge
231 for determining the angle at which
the vlise must be set and also the dlrec-
tions glven for positioning the vise to
correspond with the angular setting.

2. Note that the zero positlon is the one
in which the vise jaws are set 90° to
the direction of the stroke.(Fig. 142).

3, Loosen the clamplng nuts and move the
vise around from the zero position until
the zero mark on the vise coincldes with
the desired degree on the base (Fig. 143). FIG.142

4, Tighten the nuts on the clamping bolts
- Just enough to prevent the vise from
moving.

5. Check the setting, and, if 1t is neces-
sary to make an adjustment, lightly tap
the vise Into position with a lead mallet,
Preferably use a magnifying glass when
the setting 1s belng checked.

AMQY LS v Nl L)AYG

6. Securely tighten the clamping nuts after
the vise has been finally checked and set,

 FIG.143

HOW TO SET THE VISE WITH THE AID OF AN INDICATOR

NOTE: The setting of the vise with the gradua-

tions on the base is usually accurate
enough for most purposes; but when extreme ac-
curacy is essential, other methods must be em-
ployed. A very simple and accurate gage for
this purpose 1s the dial indicator, one of which
should always be avallable in a well-equipped
machine shop.

These indicators are graduated to read either to

one one-thousandth part of an inch (1/1000") or
to one ten-thousandth part of an inch (1/10,000"),
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the operator estimating the value when the pointer is not exactly
on the line representing the basic dimension, Four procedures

for setting the vlise with the aid of an indicator are glven in the
following pages.

HOW TO SET THE BOTTOM OF THE VISE PARALLEL
WITH THE TABLE WITH AN INDICATOR

l. Follow the procedure given on pages 119 to 122 if the vise 1s
not mounted on the table, selecting the procedure to sult the
style of vise.

m Be sure that dlrt does not get between the

vise and the table surfaces because a very
small particle between the surfaces will interfere with the
parallelism of the vise with the table.

2., BSet the vise jaws approximately parallel with the direction
of the stroke, (Refer to Fig. 145.)

3, Open the vise to 1ts full capacity.

4, Examine the work seat of the vise for burrs,
and carefully remove any that may be present.

5., Thoroughly clean the surface.

6, GSelect two test parallels hligh enough to
project abvove the top of the vise Jaws and
long enough to extend two or three inches
beyond the width of the vise (Fig. 146).

NOTE: If parallels are not avallable, the
indicated readings may be taken di-
rectly from the work seat of the vise,

S

7. Thoroughly clean the parallels and lay them
carefully on the work surface of the vise.

4????%%%%%%%%%%%WW ), _ A%é%%‘ézz%%%%%%%%y )
. :Z‘/
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8.

10.

1l.

12.

13,

* 14,

Place one against each of the vise jJaws,

Arrange the parallels against the face of the vise jaws so
that they both project evenly beyond the sides of the vise,
Some mechanics prefer to place a piece of tissue paper under
the ends of each parallel to insure good contact and to pre-

vent slipping (Fig. 146).

Select an indicator with the contact shaft perpendicular with

the dial (Fig. 144). The dial faces upward and can be con-
veniently read from the operating position.

NOTE: Diasl indicators are made with two types of contact

shafts, one parallel and the other perpendicular to
the face of the dial., Figs. 149 and 152 iliustrate the ar-
rangement for both types of indicators.

Reverse the position of the tool holder in the tool post.
This will provide a more convenient surface upon which to
place the clamp because the tool end which contains the set -
screw and the tool has an irregular surface.

Attach a small,ball-type contact point to the end of the in-
dicator contact spindle. This point is simply secrewed onto

the end of the contact spindle, and, when necessary, can be
removed quite easily (Fig. 148).

Assemble the indicator, the gage-holding
rod, the swivel or sleeve, and the clamp.

Clamp the assembled unit to the end of
the tool holder with the dial facing up-
ward (Fig.152).

Manipulate the down-feed crank and the
cross-feed table control handle until
the contact point is about one-half

inch above one of the parallels. 710,149

e '
%_ _.

//

///

152 527

FIG.
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15, Set the machine so that the length of
the stroke 1s about one inch shorter
than the length of the parallels, .
(Refer to page 79 for adjusting the
stroke. )

16, Position the ram so that the contact
point travels within one-half inch of
both ends of the parallels. (Refer
to page 81 for positioning the ram.)

m If the ram with the attached indicator cannot be op-
erated by hand, use a slow speed to move the indica-
tor back and forth over the parallel. Great care must be exercised
that the point of the indicator is not allowed to travel beyond the
surface of the parallel, If this should happen, the point would
drop below the level of the surface and would damage the indlcator
when the return stroke is made. This is also the reason for hav-
ing both parallels projJect evenly beyond the sides of the vise,
(Refer to operation No. 8.) In other words, both parallels must be
set in the same relation to the position of the stroke when the
testing operation is 1in progress; otherwise there is the possibil-
ity of the indicator travellng beyond the surface of one of them.

17. Move the ram so that it is at the
beginning of the stroke, and move
the table so that one end of the
parallel is under the contact point
of the indicator as shown at A, Fig,
154.

18, Lower the indicator until the
pointer reglsters about ten one-
thousandths of an inch on the dial.
This will make certain that the
point is making contact with the
parallel,

N §§§§§§§§§§§§§ﬁﬁ§§§§gga A Note the measurement on the dialj
Q§§Q§§§f§\ then move the ram to the forward ¥
§§\ g position B, If the vise is par- -
- allel, the indicator will show 2

the same reading at both ends of
the parallel. -

Bring the surface C of the second -
parallel under the indicator, >
railsing the contact shaft slightly &

with the finger as the parallel 1is
moved directly underneath the point
of the indicator (Fig. 155).
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and B.

22. Finally, draw the ram again to the
beginning of the stroke, If the
reading at D corresponds with all

the others, the vise is parallel, N\ b X
25, If B and C are low, adjust the table . 71G.156

support and tighten the table gibs,
This may be all that is necessary to
brings these points into alignment.,
DIAL SHOULD
24, If A, B, C, or D is low, loosen the SHOW THE
clamping nuts and place a paper shim SAME READING
underneath the lowest point of the /
base, after making certain, of course,
that there are no particles of dirt
underneath the base of the vise.

‘ 25, Tighten the nuts and recheck the set-
ting at all four points. Follow the
instructions given in the preceding
operations if further adjustments
must be made.

: =
HOW TO TEST THE FIXED JAW FOR SQUARENESS WITH THE ATD OF AN TNDICATOR

1., Follow the procedure given on page 119 if the vise is not mount- '
ed on the table,

m Be sure that the undersurface of the base and
the table surface are clean, -

2., Examine the face of the fixed jaw and carefully
remove any burrs with a smooth or mill file.

3, Thoroughly clean the vise jaws,

Care should be exercised that
CAUTION chips do not get between the

Jaws of the vise and the work. They may
cause imjury to the jaws and the work when
. the vise is tightened. Furthermore, the
Jaws should be protected from rough work by
a strip of soft metel or cardboard placed be-
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8.

9.

tween the work and the faced surfaces, With proper care the ac-
curacy of the vise can be preserved for an indefinite period of
time.

NOTE: Some vises have removable plates attached to the jaws,

These plates may be removed by taking out the fillister-
head screws, They can then be placed on a machine and the sur-
faces refaced or reground. This, however, is not usually done,
except upon the advice of the instructor or the person respon-
sible for the maintenance of the machine.

4, DPlace a pilece of paper against
the fixed jaw of the vise,
Next to the paper in a vertical
position, place the beam of the
square as illustrated in Fig.157.

CAUTION Try squares are

expensive and
accurate tools and must be han-
dled with great care if their
accuracy is to be preserved.
Every precaution should be tak-
en against nicking the surface
or the edges; dropping a square
may permanently destroy its ac-
curacy, thereby rendering it
useless, Squares should be
kept in a box or case when not
in use.

5. Place a block of clean wood be-
tween the beam of the square
and the movable jaw; then
tighten the vise sufficiently
to hold the square in this po-
sition.

Secure the indicator to the tool holder as-
cording to the instructions given on page
127, operations No. 9 to No. 13.

7. Move the ram and the table to bring the blade
of the square directly underneath the contact
point of the indicator as at A, Fig. 157,

Lower the assembled indicator with the down-feed crank until
the contact point of the indicator touches the edge of the blade.

Continue to lower the indicator until the finger of the dial
registers about ten one-thousandths of an inch, assuming that
basic dimensions on the dial are in terms of .001",
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10.

11.

12,

13.

14.

15,
16.

17.

18.

Observe the reading and move the table to
the right in order to bring the blade of
the square under the contact point as at
B, Fig. 158.

Observe the position of the pointer, and if
the readings are the same at both ends of the
blade, the face of the fixed jaw is square,

Test at each end of the jaw in the same man-
nsr, ’

NOTE: If the polnter does not register the
same at both ends of the blade, it will
be necessary to shim between the back of the plate and the ma-
chined surface of the vise, If the test shows that the face
is more than a few thousadnths out of square, the plate should
be reground because too much shimming may warp the plate when
the serews which hold it to the vise are tightened. Consult
the instructor about this before taking any action,

Observe the difference in the readings indicated
at each end of the blade and determine the diree-
tion in which the blade must be shimmed to cor-
rect the inaccuracy.

Estimate the thickness of the shim, realizing that
the thickness of the shim should be the same as
the error noted on the indicator if the length

of the blade and the height of the plate are the
same., Similarly, note that the thickness will

be only half of the indicated error if the blade
is twice as long as the height of the plate.

Measure the shim with a micrometer.

Remove the square from ﬁhe vise and carefully
place it in a safe place.

Take out the fillister-head screws, remove the
plate, and clean the machined surface of the
vise and the back of the plate. If
the reading indicated that the
blade 1is high at B, place the
shim between the upper surfaces
of the two faces; if it 1is low
at B, place the shim between
the lower surfaces,

Hold the plate and the shim in
place with the hand and insert »
the)fillister—head screws (Fig. FIG.159
159),
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19. Tighten the screws so that the plate is held securely.

20, Agailn place the square in the vise and repeat the testing pro-
' cedure until the face of the jaw 1s square.

21. Remove the indicator from the machine, the square from the
vise, and carefully replace them in their boxes.

HOW TO0 SET THE VISE PARATLEL WITH THE DIRECTION
; OF THE STROKE Y AN INDICATOR

1, If it is necessary to mount. the vise on the shaper
table, follow the instructlons given on page 119,
The vise, however, when not in use, is usually left
on the table,

2., loosen the clamping nuts and set
the vise so that the Jaws are par-
allel with the direction of the
cut., The vise handle should be
on the left and the zero mark on
the vise should coincide with the
90° graduation on the base.

1 3, Tighten lightly the nuts on the
clamping bolts., The nuts should

" be tight enough to prevent the
vise from swiveling, yet loose
enough to allow the vise to be
moved by a tap with the hand or
with a light lead mallet,

4, Clamp the assembled indicator in
the tool post or to the shank of
the tool holder (Fig. 151). )

5. Observe that the indlcator has a
contact shaft perpendicular to

the face of the dial. When a vertical surface

is being tested, this style of indicator can be

read more conveniently than can an indicator with

a contact shaft parallel wlth the face of the

dial. (Refer to page 127, Figs. 149 and 152.)

6., Arrange the indicator with the contact point to-
ward, but not touching, the face of the fixed
Jaw (Fig. 160), _

7. Set the stroke of the machine for one iInch less than the length
of the fixed jaw. (Refer to page 79 for setting the stroke.)

8. Adjust the position of the ram to allow the contact point to
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travel within one-half inch of both ends of the jaw, (Refer
to page 81 for positioning the ram.)

9. Move the ram to the beginning of the stroke at 4 (Fig. 160},

10. Move the table until the face of the vise Jaw presses against
the contact point @f the indicator. The finger of the indica-
tor should register about ten one-~thousandths of an inch to
insure good contact between the face of the jaw and the con-
tact point, ' )

11, XNote the measurement on the dial; then move the ram to the for-
ward position at B (Fig. 161).

12, Observe the readings on the dial when the indicator is at each
end of the jaw, The difference, if any, between the dial set-
tings should be divided by, ,two; the result is the distance the
vise must be swiveled.

13, Tap the vise lightly to move it the
necessary distance in a direction
away from the higher setting.

14, Tighten the clamping nuts securely
and recheck the setting. When the
indicator reading is exactly the
same at both ends of the jaw, the
vise 1s set parallel with the stroke.

15, Remove the indicator from the ma-
chine and carefully replace the
parts in a box. Return the indi- £y
cator to its assigned place. - 7I0.181

HOW TO SET THE VISE AT 90° TO THE DIREC-
TION OF STROKE WITH AN TCATOR

1. Mount the vise on the table if it
is necessary to do so, selecting
from pages 119 to 121 the correct
procedure to suilt the type of
vise that 1s beling used.

2. Loosen the clamping nuts and set the
jaws at 90° to the direction of the
stroke. The vise handle will then
be toward the front and the zero
marks on the vise will coincide
with the zerc marks on the base,

FIG.162
3., Tighten the nuts lightly on the
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8.

9.

10,

11.

12.

’Pg.—c. -~
55

Ve

clamping bolts. The nuts should be
tight enough to prevent the vise from
_ swivellng, yet loose enough to allow
“ g the vise to move by glving it a tap
4%%? . with the hand or a light lead mallet.
Clamp the assembled 1ndleator 1n the
tool post or to the shank of the
tool holder.

Observe that the indlcator has a con-
tact shaft perpendlcular to the face
of the dial., When a vertical surface
1s being tested, this style of indica-~
tor is more conveniently read than 1s
an indicator with a contact shaft par-
allel with the face of the dlal. (Re-
P1G.163 fer to page 127, Figs. 149 and 152.)

Arrange the 1ndicator near the end of the jaw with the contact
point toward, but not touching, the face of the fixed Jaw
(Fig. 163).

NOTE: The contact point is pressed against the face of the Jaw
either by moving the ram in slightly or by adjusting the
clamp which holds the indicator to the tool holder,

Adjust the contact point against the face of the jaw by means

of the ¢lamp which holds the indicator to the tool holder.

Have the polnter register about ten one-thousandths of an inch

on the dial (&, Fig. 163).

m This is probably the safest method of adjusting
the indicator. The adjustment can be made by

moving the ram, but this should not be attempted unless the
action of the ram can be controlled by hand,

Note the reading on the diel, and, with the table hand feed,
move the vise so that the indicator is in position B.

Observe the reading at B.

Subtract the lower measurement from the higher measurement and
divide the difference by two. The answer is the distance the
vise must be swiveled. :

Tap the vise around the required distance in a direction away
from the higher setting.

Tighten the c¢lamping nuts and recheck the setting. The indica-
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13.

Select a stud that will project far

tor should reglster the same at both ends of the jJaw, If there
is still a difference between the two readings, the clamplng
nuts should be loosened and the adjustment continued until the
setting 1is correct.

Remove the indicator from the machine, carefully replace the
parts in the box, and return the indicator to ilts assigned
place,

Stz

HOW TO USE THE SHAPER BOLTS ' Y v
CLEAN TABLE

-Read the description of shaper bolts on page 105. '

Insert a T-slot cleaner in the end of the table

slot near the apron and draw the cleaner outwards.
Repeat thls step a few times to clean out all the
chips. '

Brush off the chips that may accumulate
around the top of the slots and the sur-

face of the table as a result of cleaning
out the slots.

THE SQUARE T-HEAD BOLT
Insert the T-head 1n the end of the table
slot and push the bolt along to the re-
quired position.

THE CUTAWAY T-HEAD BOLT

Drop the head of the bolt into the table
slot and turn the head,

THE TAPPED T-HEAD BOLT

Insert the tapped head into the end of
the table slot and move it along into
position.

enough above the surface of the work to
hold a clamp (if necessary), a washer,
and a nut, FIG.164

HOW TO USE CLAMPS, PACKING BLOCKS, AND STEP BLOCKS

l. Read the description of clamps, packing blocks,
and step blocks on pages 106 and 115.

2, Select a plain clamp and a block equsl to the
height of the surface to be c¢lamped., If
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blocks of the exact height are not available, a
strip should be placed between the top of the block
and the underside of the clamp.

3. Insert a square T-head bolt in the table slot.
{Refer to page 135 for instructions.)

4, Place the eclamp over the bolt, supporting one end
of the clamp on the work and the other on the
block, Notice that the clamp must be level and that
the bolt must be placed near the clamped surface.
{See Fig. 166 for the correct method of clamping., )}

NOTE: Because of the location of the table slots

and the size and shape of the work, it 1s
not always possible to place the bolt in a posi-
tion of maximum grippling power but the arrange-
ment emphasized in Fig. 166 should be duplicated
whenever practicable.

5. Place a washer and a nut on the bolt and tighten
the nut with a wrench, For the description of
other types of clamps, refer to page 112,

FIG.165

CORRECT

1. Bolt near the work, (Greatest pressure
exerted on the work.)

2. Clamp level. {Full area of the face of
the clamp bearing on the work, giving
maximum gripping power.) :

INCORRECT

1. Bolt near the block. (Greatest pressure
exerted on the block and mot on the work.
Corner of the work only is held, provid-
ing minimum gripping power,)

2. Clamp not level, (Clamp has tendency to
tip the work. Tightening the nut has
tendency to bend the bolt.,)

- 1 INCORRECT

1. Bolt midway between the work and the
block., (Pressure evenly distributed.
Greatest pressure needed on the work,)

2. Clamp not level., (Point of clamp only
gripping the work. Tightening the nut
has tendency to bend the bolt.)

FIG.l68
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HOW TC USE ALIGNING STRIPS, OR ALIGNING BARS

T P s
wsite |5 g

Edge of the Strip Parallel with the L

Direction of the Stroke

N

‘1, Read the description of alligning strips
on page 109.

2. Clean the table and with a file remove
any burrs which may be on the table
surface,

3. Select two strips similar to the ones il-
lustrated in ¢ and D, Fig. 112. On the
undersurface of each of these there is a
tongue which, when placed in the table
slot, aligns the strip with the direc-
tion of the stroke. '

4, Place two T-head bolts in the table
slot (page 135).

5, Clean the bottom surface of the strip
and with a fine file remove any burrs
which may be on the base or the sides, If the one illustrated
at C 1s used, take the nuts and washers off the bolts,

6, Place the strip over the bolts and onto the table with the
tongues in the table slot., If the strip D 1s used, it is
placed directly on the table and aligned with the tongue in
the same manner as strip C.

7. Place the washers and the nuts on the bolts, or, in the case of
D, move the bolts into the open lug slots, and tighten the nuts
Securely. The alignment of the strip can be tested with an in-
dicator as instructed on page 132 if this should be necessary.

Fdge of the Strip 90° to the Direction of R W—
the Stroke CSinC \
A §\

NOTE: Either of the aligning bars, or strips, | BA

shown at A and B may be used for this
purpose. If the one at B is selected, it is
held to the table with bolts which pass through
the slot, The strip A 1is secured to the table
with clamps (Fig 169},

1. Insert the necessary number of bolts in
the table slots (page 135).

2. Thoroughly clean the aligning strip with a
clean cloth and remove all burrs with a
fine flle,
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. S 3, Place the strip on the table in the re-
Fooene 0y uired position, In the case of A

§ USING @ qQ p A,

b

ALIGNING | , clamps must be used,
y BAR'B’

4, Use either a try square or a combination
square to set the new aligning strip at
90° with the one previously located or
at 90° with the edge of the table.

m Provision must be made to

protect the edges and
surfacesa of a square from damage by keep-
ing the square in a box or case, or by
716,170 laying it on a cloth when it is not in
use,

5. Place the beam of the square against the first aligning bar and
adjust the second aligning strip parallel with and against the
blade of the square (Fig. 169).

6. Tighten the nuts lightly to hold the strip in place.

7. Test agaln for squareness. First, lay two pleces of tissue pa-
per over the strip, and then, with the beam of the square press-
ed against the first bar, move the square forward until the
blade grips the two pleces of tissue paper.

8. Adjust the aligning strip by tapping it with a lead mallet un-
til the force required to withdraw the two pleces of paper is
the same. '

9., Tighten the nuts down securely when the proper adjustment has
been made. The strip may be set also by placing the beam of
the square agalinst the edge of the table and aligning the strip
parallel with the blade of the square, If a more accurate set-
ting is required, an indicator can be used as instructed on

rage 133.

10. Return al)l tools to their assigned places when all necessary
ad Justments have been made. :

T ey T & - - Edge of the Strip at an Angle
\\\\\¥§§§\§\\§§“ . \\ . on the Table
g 5

§§§‘

Select one of the strips illus-
trated at A and B, Fig. 1l2.

If strip B is used, the slot

ol 8 through which the bolts pass
R may be utilized even when the
- strip is placed at an angle

on the table.

FI1G.171
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2. Clean the top surface and the edge of
the table, and remove any burrs which
maey be present,

3. Place the bolts in the table slots,

4, Clean the aligning strip and be sure
that it is free of burrs,

5. Place the strip over the bolts and set
it approximately at the desired angle,

6. ©Set the protractor at the correct
angle.

7. Press the base of the protractor FIG.172
against the edge of the table, and,
with the blade extending over the top
of the table, adjust the strip
against and parallel with the blade
of the protractor (Fig. 172).

TISSUE

8, Tighten the nuts just enough to hold
the strip in position,

9, Place two pieces of tissue paper over
the strip; press the protractor
against the edge of the table, and
move it forward until the blade
grips the two pieces of paper {Fig.l1l73).

10, Adjust the parallel, if necessary, F1G.173
by tepping it lightly with a lead
mallet until the force required to withdraw the two pieces
of tissue paper is the same,

11. Tighten the nuts down securely when the setting is correct,

NOTE: If an aligning strip already has been set parallel
with the stroke, the second strip may be set at an
angle with the one located on the table {Fig. 169). In
this case, the protractor 1s substituted for the square,
and the strip is set at an angle,

HOW TO USE STOPS

1. Read the description of stops on page 108,

2. Clean out the table slots and clean the
surface of the table.
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\\\\\x\%}\;\\\\\\\%\\ Select two stops from each of the types

N = \ N\ illustrated at\.é:’ B, C, and D, a bar A,
§§\ @§\§ NN and a bar B (Fig. 174T.

N

S them
\\\$ - §§§§§Q A_\\§ ‘ Clean the two stops A, and place
\\\Q§ﬁ§§§§§§§§§§§§ §§§§§!ﬁ§§\ in the round holes located gear the
front of the table (Fig. 17%5).

Locate the finished edge of the work
against the two stops.

Insert a bar between the stops and the
contacting surface of the work if the
width of the edge is too narrow to
catch against the two stops (Fig. 176).
For an unfinished or an uneven surface,
the stops B are more practical because
the screws can be adjusted.

Place the two stops, type B,in the
holes in the table. Then, after the
work has been located in relation to
the stops, the screws can be adjusted
to compensate for any unevenness of the
edge (Fig. 177).

FIG.176

NOTE: Sometimes the unevenness of the
contacting surface, especially in
castings, takes the form of lugs or other
FIG.177 projections, 1In this case, place a bar
B between the stops and the projections on
the casting, and adjust the screws to
suit., When it is impractical to use the
holes on the table to hold stops, the
slots can be utilized.

Put a T-bolt in each of the selected
table slots and place the bar over the
bolts (Fig. 179).

Provide a washer and a nut for each bolt,
adjust the stop to the work, and tighten
the nuts securely. Individual stops C
also may be used with, or without, a

bar (Fig. 180).

.NOTE: Stops are often used to hold the

work by the pressure of the screws.
The screws may either force the work
against an aligning strip or hold the
plece between two sets of stops in the
following manner,
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1.

Arrange on the table and in thelr proper
relation, the work, an aligning strip,
and a stop. (Refer to page 137 for set-
ting the strip.)

Select three stops with screws set at an
angle, The slight angular set of 8he
screws, which is between 5° and 10~, not
only will force the work against the
aligning strip but also will force the
work to the table (Fig. 181)}.

Insert the stops in the end of the table
slots and move them along to the desired
position,

Tighten the screws against the plece to
be held, and at the same time lightly
tap the work with a lead mallet to seat
the work on the table.

Note that the work can be held between
individual stops or by those arranged in
sets, and that the screws may be paral-
lel with the surface of the table in-
stead of set at an angle (Fig. 182},

To compensate for different widths of
work, strips of various widths can be.
arranged to be used with any of the
stops and slots.

I3

HOW _TO _USE TOE DOGS

Read the description of toe dogs and stops
on page 108,

Clean the table surface and clean out the
table slots.,

Arrange the work on the table,

Put two round stops in the reamed holes at
the front of the table. This will prevent [
shifting caused by the cutting action of
the tool (Fig. 183).

Place two stops (Fig. 183) in each of the
selected table slots. The number of
stops will depend upon the length of the
piece; at least two sets should be used
unless the plece is so short that there :
1s room for only one set. FIG.183
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6. BSelect four toe dogs with flat ends,
two for each side of the work.

7., Place the toe dogs 1in turn against
the sides of the work, supporting
the flat ends upon shims and the op-
posite ends against the screws of the
stops (Fig. 184)., ©Shims are not al-
ways used, but, when they are employ-

- ed, the table surface is protected

and the contact edges of the toe
dogs are steadied.

8, Arrange the toe dogs so that they
are set at about the same angle as
that of the screws, If the toe dogs
are inclined at too great an angle,

_ the pressure of the screws will

FIG.184 force the outer end of the dogs up-~

wards, and the pressure against the

work will be released.

9. Adjust each screw a little at a time, continuing in order un-
til all scerews are sufficiently tight, at the same time tap-
ping the work lightly with a lead mallet in order to seat the
work onto the table.

NOTE: The amount of pressure to exert against the screws will

depend upon the thickness and construction of the work
(1ts resistance to distortion) and upon the holding power re-
quired to overcome the cutting action of ibe tool. This is
largely a matter of experience and judgment .

HOW TO USE HOLD-DOWNS

1. Read the description of hold-downs
on page 109,

2. Note that the same principle will
be employed to grip the work with
hold-downs as was used with toe
dogs. In this case, the work will
be held between the vise jJjaws in-
stead of on the table.

%, Mount the vise on the shaper table.
{Refer to page 119.)

S 4, Tighten the plate underneath the mov-
FIG.185 able jaw to prevent excessive lifting
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10,

11,

1.

of the jJaw when the vise is tight-
ened. This should be done only when
necessary and when an adjustment is
provided for this purpose (Fig. 185).

Open the vise wide enough to place
the work and the hold-downs between
the two jJaws.

Select a parallel bar which will
raise the work as high as possible
in the vise and at the same time
allow the hold-downs to be held be-
tween the jaws (Fig. 186),

Be sure that the vise and all con-

tacting surfaces are clean., If the

work has a finished surface, place

four pieces of tissue paper on the parallel so that the four
corners of the work will rest upon the tissue paper.

Place the work upon the parallel with one hold-down on each
side (Fig. 186).

Tighten the vise jaws to grip lightly the hold-downs against
the work.

m The amount of force that may be exerted against

the work will depend upon the gbility of the
material to resist distortion. Also, the cut must be regulat-
ed accordingly; otherwise, the cutting action of the tool will
push the work forward and out of the vise.

Increase the pressure of the jaws against the hold-downs,

and at the same time seat the work on the parallels by tap-
ping lightly with a lead mallet,

m If a heavy blow is struck with the mallet, the
work willl rebound from the parallel,

Test the work for belng properly seated by trying to pull out

the tissue paper. All four pleces of tissue paper will hold

securely when the work is properly seated on the parallels.

HOW TO USE V-BLOCKS

V-Blocks Parallel with the Direction of the Stroke
Read page 110 for a description of V-blocks,

Clean the table surface and c¢lean out the table slots.
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A

3. Clean the bottom of the V-blocks and with a file
remove any burrs from the surface of the V-
CLEAN TA_BLE blocks and the surface of the table.

w b -

4, 7Place the V-blocks on the table with the tongues
in the selected slot. The tongues will align
the V-blocks with the table slot (Fig. 187).

5., Support the work in the V-blocks (Fig. 189).

6. Insert two T-bolts into the table slot and move
them along into positilon.

7. Select two flat clamps and place them over the
bolts.

8. Insert a piece of copper, cardboard, or soft
metal strip between the finished surfaces of
the work and the clamps.

9, Be sure that the clamp is level and that the
bolt 1s as near as possible to the clamped
surface. (Refer to page 135.)

10, Tighten securely the nuts on the tolts,
11. Place a sultable stop against the forward edge

of the V-block to take the thrust of the tool.
(Refer to page 140.) :

NOTE: As an alternate method of holding the
shaft, the V-blocks illustra-

o a-‘/////////////{///////// T ook ane espeoiatiy

r1G.188

‘\\\; handy when a number

- 4§§§< . of duplicate
i« /C;é , ,': - pieces have to
/ Z 7 - 7 3

&

be held.

l, TUse the
Same pre-
cautions
emphasized
in direc-
tions No. 2
and No, 3
as to c¢lean-
liness when
mounting
the V-blocks
on the table.

FIG.169
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2. Place the V-blocks on the table with the tongues in the table
slot.

3. BStrap the V-block to the table and fasten a stop forward and
against the front of the block to receive the thrust of the
tool.

4, Place the work in the V-block and put the clemp over the bolts;
then put on the washers and the nuts. Be sure that a protect-
ing strip of soft metal or cardboard is between the finished
surface of the work and the clamp. '

5. Hold the clamp level and tighten the nuts down to the clamp
with the fingers.

6. Alternately tighten with a wrench each of the nuts a little
at a tlme until enough pressure is applied to hold the object
securely.

V-Blocks 90° to the Direction of the Stroke

1. Observe the same precautions regarding cleanliness and care
when placing the V-blocks in position as were emphasized in
directions No. 2 and No. 3 on pages 143 and 144.

2. Allgn the V-blocks with each other by placing the work or a
test bar in the V-shaped openings,

3. Place a square on the table in a vertical position with the
blade touching the shaft as shown at A (Fig, 191),

4. Arrange a combination square ) S
in such a position that the , ?%%z%y%%%%%%%%y
blade 1ies flat on the table |~ =

. ///}%,4/4/
surface and the head paral- 4@%@/. \‘a\\\\
lel and against the front ﬁg;vff N
edge of the table. _ %%2.

5, Adjust the combination %if?
square so that the end of %%/
the blade touches the edge %%
of the first square. %%

| ]

6. Arrange the squares in the %%%
same manner at the opposite ﬁg
end of the shaft as shown %ﬁ
at B. gé

%

7. Move the V-block until the %ﬁ

Vi

edge of the first square

is the same distance from PIG.191
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the front edge of the ta-
ble as it was when the
square was in position A.

8, Bolt a bar stop to the
table and against the
forward edges of the V-
blocks. This will hold
the V-blocks in align-
ment and, in addition,
will act as a stop to
take the thrust of the
tool (Fig. 192).

9, Clamp the round portion
' - of the work with two flat .
clamps, Use soft metal
or cardboard shims between
the finished surfaces of the work and the undersides of the
clamps to protect finished surfaces.

10, Recheck the alignment;'make any necessary adjustments; then
tighten the nuts down securely. 4

HOW TO USE ANGLE PLATES, C-CLAMPS,
AND JACKS

Angle Plate 90° with the Direction of
the Stroke

1. Read pages 11l and 112 for the
deseription of angle plates,

2. (Clean the table surface and clean
- out the table slots.

: 3. Clean the angle plate and remove

FIG.193 with a file any burrs from the
faces of the angle plate and the
surface of the table,

4, Test the two sldes of the angle
plate for squareness with a try
square, It must be assumed that
the square is kept in the tool
room, or some other safe place,
and checked periodically for ac-
curacy.

5. Place the angle plate on the ta-

ble with the tongues aligned with
FIG.194 )
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‘l' 1.

the central slot of the table.

Secure the angle plate to the
table with clamps, placing one
on each side of the base,

Bolt a stop to the table close N
against the forward edge of

the angle plate. This will
prevent any movement due to

the thrust of the tool (Fig.l195).

\\\\\\\\ : ~

NOTE: Aligning the plate by
means of the tongues
in the table slot will be ac-~ h
curate enough in most cases.
The angle plate, however, may
be tested with an indicator in .
a manner similar to that used
when the vise jaws were being set (page 133).
The plate also may be tested for squareness
with the table by using a try square.(rig. 196).§§

FIG.195

Clean the surface of the table, the face of
the angle plate, and the beam of the try
square, :

Place the beam of the square on the table
with the blade of the square against the
face of the angle plate.

Examine the face for squareness by observ-
ing whether or not the blade of the square

is parallel with the face of the angle plate.
A more positive method is to use tissue
paper between the surfaces to be tested.

FI1G.196

Insert two pieces of tissue paper between the angle plate and
the blade of the square (Fig. 196).

Press the beam of the square downward on the table and forward
against the angle plate.

Withdraw the two pieces of tissue paper. If the force re-
quired to remove them is the same, the angle plate will be
square with the table., If not, paper shims must be placed
under the lower side of the base, or, instead, the angle plate
may be removed and the faces reground. Whichever procedure is
followed, the test should be repeated until the angle plate is
square with the table,

\
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1.

2,

Angle Plate Parallel with the Direction
of the Stroke

Read pages 112 and 114 for the description of
clamps and jacks.

Arrange the tongues on the base of the angle
plate so that when the tongues are aligned.
with the table slots the angle plate will be
parallel with the direction of the stroke,

Observe the same precautions regarding clean-
liness and care as were emphasized in direc-
tions No. 2 and No. 3, page 146.

Test the plate for squareness with a try

square (Fig. 194).
Insert two T-head bolts 1n the table slot,

Place the angle plate over the bolts and
align the tongues with the table slot.

Bolt the angle plate to the table.

Clean the side of the work and the face of
the angle plate.

Place a plece of cardboard between the face of
the angle plate and the
gurface of the work if the
material being held has a
rough surface., This will
protect the finished face
of the angle plate (Fig.
197).

FiG.187
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10,
11.

1=,

13.

14.

1.

16,

17,

18.

19.

Use two C-clamps to hold the material to the plate.

Place a plece of soft metal between the screw and the material
being held at one end of the C-clamp, and another piece be-
tween the pad of the C-clamp and the material being held at
the other end. These pieces will protect the surfaces from be-
ing marred by the screw or the pad of the C-clamp. If the sur-
faces to be held are rough or will not be damaged by marks,

the metal packing may be left out, :

Tighten the C-clamp securely by turning the head of the clamp-
ing screw with a wrench.

Place a stop against the front edge of the angle plate to
take the thrust of the tool.

Select a jack of suitable size, The length of the threaded
part of the screw that is held in the base should be at
least equal to the diameter of the screw,

Clean the base of the Jack.,

Place the jack under the unsupported portion of the material.
A pilece of cardboard is sometimes used under the base of the
jack to prevent its slipping or marring the table surface.

Adjust the jack screw until the swiveled top touches the ma-
terial to be supported and there is a slight tension when
the screw is turned.

Arrange a clamp so that the work will be clamped directly
above the part supported by the jack,

Place a piece of cardboard or soft metal under the clamp
if it is necessary to protect the finished surface.

20, Tighten the nut on the
T-head bholt.

NOTE: The angle plate
may be tested
for parallelism with
the direction of the
stroke as instructed on

e ot ‘r /
/// af
D /// % - EgﬁZréggisaﬁ?goi‘he ta-
' py . p 4 le as directed on page
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HOW TC USE MACHINIST'S, OR PARATLEL, CLAMPS

1. Read page 113 for the description of machinist's
clamps. Parallel clamps often may be used in-
stead of C-clamps to hold parts together., They
are usually used in pairs.

2. Open the jaws of the clamp a distance equal to
the combined thickness of the parts to be held,

3. Place the clamp over the parts to be held. If
protecting strips are necessary, cardboard or
goft metal should be placed between the jaws
of the clamp and the finished surfaces.,

4, Tighten the front screw with the fingers until
the clamp grips the work and the jaws of the
clamp are parallel,

Tighten the back screw securely by using a
lever or round rod which has been inserted into
the head of the screw.

F1G.198 §

NOTE: If the clamp is holding firmly with max-
imum gripping power and both jaws are

in contact along the entire surface that is be-

ing held, the clamp will not move. A 1little experience with ad-

Justing parallel clamps will soon give the trainee the knack of

adjJusting the clamp properly. Fig. 199 illustrates both the cor-

rect method and the incorrect methods of adjusting the c¢lamp.

CORRECT: Jaws are adjusted parallel with surface being clamped.
This insures maximum holding power, Clamp will not
move up and down,

INCORRECT: Jaws are not parallel with surface being clamped,
Jaws are holding with minimum gripping power. Jaws
open at the front. Clamps move up and down,

INCORRECT: Jaws are not parallel with surface being clamped.
Jaws are holding with minimum gripping power. Jaws
are holding on the point only. Clamps move up and
down,
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DESCRIPTION="SHAPER TOOL HULDEHS

~(_OBJECTIVES OF UNIT )

1. To explain the terminology used in connection with tool -
holders., ‘

2, To describe the various types of tool holders used for
shaper work.,

3. To become famillar with-manufacturers' designatlons of
tool-holder styles.

INTRODUCTORY INFORMATION

The introduction of tool holders lnstead of solld
forged tools into the machlne-tool industry was
principally a matter of economy. The first at-

tempts to hold tools in holders, although ingen-

lous, allowed the tool to slip under heavy cuts

and often lacked the rigldity S0 necessary for _
general use., ’

As a result of the introduction of more expensive steels for cut-

ting tools, much money was Invested in the production of costly

forged tools, and considerable time was required to forge, grind, f
and shape these tools., In addition, waste was unavolidable, for

when the tools became too short to be held in the machine they K
were discarded and eventually scrapped.

Gradually, as improvement in the designs of tool holders has been _
made, the use of these devices has been extended., Now, as a re- )
sult of improved designs, tools are securely and solidly held,

grinding has been reduced to a minimum, forging is unnecessary,

and waste has been reduced considerably., Although proportionate-

ly larger and stronger tool holders are designed to be used in

the larger machines, solid tools are still extensively used in

the heavy machine-tool industries.

In addition to the standard tool holders, there are those which

can be purchased in sets. The sets contain a number of standard

tools or bits which fit into a special holder. A set of these

cutters 1s adequate for the usual shaper operations, but extra

cutters usually may be purchased, and special ones can be made o
to order,

The American Society of Mechanical Engineers has adopted a set
of definitions which apply to all single-point tools, including
tool holders. As these definitions have not been adopted by
all users and manufacturers, the student should take particular
notice of how the terms are applied in each case,
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DESCRIPTION OF TOOL HOLDERS

SIZE AND STYLE

To the shaper operator, the size of the tool holder depends prinei-
pally upon the size of the shank which will fit into the tool post
of the machine, It is also necessary for the operator to decide
whether or not the tool holder should be straight or offset, right-
hand, or left-hand, and to select the style of holder to suit the
shape of the tool. :

The straight-shank tool holder (Fig. 200} holds the tool parallel
with the sides of the tool holder in contrast to the bent style

(Fig. 20l1l)which holds the tool at an angle with the sides. These
tool holders also may be left or right, depending upon the ineli-
nation of the tool either to the left or to the right of the work.

According to the American Standard as issued by the American Soci-
ety of Mechanical Engineers and published in the American Machin-
istst Handbook, "A bent tool has the point bent to the left or
right (Fig. 201) to make its operation more convenient, These
tools are called left-bent tools if the polnt is bent to the left
when looking at the tool from the point end with the face upward
and the shank pointing away,and vice versa."

As a tool holder can be classified as a tool shank, this defini-
tion can be applied to a tool holder., Conventional usage, how=-
ever, has not yet entirely adopted the definition, and for this
reason four examples of two leading tool-holder manufacturers’'
products are shown in Fig. 202.

It should be noticed also that the term offset, instead of bent,
is used to describe these holders. _

The tool holder shown at A is designated as a right-hand offset
tool holder; the one illustrated at B is a left-hand offset,
The tool holder shown at ¢ which holds a side-cutting tool is

FIG. 200 FIG.201 FIG.202
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also a left-hand offset holder, although it 1s bent in the direc-
tion opposite to that of B. Notwithstanding that the tool holder
is "bent" to the opposite side compared with the one portrayed at
B, the tool which it holds will cut on the same side of the work,
The tool holder shown at D is correspondingly a right-hand offset
side-cutting tool holder.

The style of tool holder is also influenced by the eross-sectional
shape of the tool (Fig. 200}). It is understood, of course, that
the tool is selected first to sult the style of cut, the nature of
the material, and the kind of work.

Tool holders are designated by a manufacturers' number, usually

with a letter placed elther before or after the number or, in other
instances, a letter may be placed both before and after the number,
The letter S, R, or L after the number indicates that the holder is
straight, right-hand, or left-hand; the letter before the number
frequently is the manufacturert's ldentification of the style of cut-
ter., For example, a designation T-2-S would indicate that the tool
holder is to be used to hold a 3/8" square tool bit and has a

5/8" x 1-1/2" x 8" straight shank. This would fit in a tool post
with & maximum tool capacity of 7/8" x 1-1/2",

TYPES OF TOOL HOLDERS

Tool holders may be classified according to the method of holding
the tool in relation to the shank of the holder: (1) those which
hold the tool parallel (horizontal) with the shank of the holder;
(2) those which incline the tool at a slight angle with the shank;
(3) those which incline the tool at a steep angle with the shank,

Each of the three holders illustrated in Fig. 200 is designed to
hold the tool parallel with the shank of the tool holder, The tool
to be used in these three tool holders is ground to the regquired
shape and with the necessary c¢clearances, and unless the tool is
held parallel, the angle at which the point of the tool is present-
ed to the work will be changed and the c¢learances also will vary.

- An exceedingly handy device is the shaper-
and-planer tool holder shown in Fig. 203.
The tool is held parallel with the shank,
but may be set at almost any angle to cut
on the right- o0r left-hand side of the
work. The tool holder may be held in the
shaper in the conventional manner (Fig.
204} with the cutting edge ahead of the
supporting surface, or the tool holder may
be turned around to act as a gooseneck
tool with the cutting edge behind the ful-
¢cr 1t (Fig. 205). 1In the former.case, the

FIG.203 tc 1 has a tendency to spring into the
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work when cutting, whereas the
spring of the tool 1s away from
the work when it is held in the
latter position.

As the tool is held parallel with
the shank of the tool holder, the
clearances and angles are easily
determined and ground without
having to take into consideration
the inclined angle of the tool

Fig. .
(Fig. 206) F1G.204 '#1G.205 ¥IG.206 -

In this second group of holders the tool is inclined at a slight
angle., The slight angle at which the tool is held, called the
tool-holder angle, should be such that it will eliminate, as much
as possible, grinding the top of the tool, For sheaper work, a
satisfactory tool-holder angle is 15° (Fig. 206), the grinding in
this caese being mostly to give the tool both front and side clear-
ance, . .

The remaining two examples in
this classification (Fig. 207)
incline the tool at a steep
angle which should correspond

to the most satisfactory clear-
ance angle for the front of the
tool, This type of tool holder,
however, 1s not extensively used
for general shaper work, but it
has some merit when used to hold
formed tools. The tool in this
case can be ground on the top
without changing the contour of the tool if the top surface is al-
ways ground at the same angle. .

CLAMPING METHODS

Two principal methods are used to c¢lamp the tool in the shaper tool
holder: first, e direct clamping action caused by the pressure of
a screw; second, a wedging action produced either by a cam or by
a drawbolt.

An example of the first method

is shown in Fig. 208. 4 tool is
inserted in & rectangular or
square hole in the front of the
holder and 1s forced down by-

the direct pressure of the screw,

In the second case, the tool is
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FIG.210 FIG.Z21l FIG.212 IMIG.213

wedged against the bottom ledge of the tool holder by a cam action
(Fig., 210). As the cam is turned with a wrench it presses down-
ward against the tool in such a direction that, as the cutting ac-
tion of the tool tends to force the tool into the tool holder, 1t
wedges tighter as the pressure increases. The tool can be easily
released by turning the cam in the direction opposite to that in-
dicated by the arrow, -

The drawbolt is &nother adaptation of the wedging action which
also can be used very effectively with flat tools (Fig. 211).

The cutter is placed in a slot in the side of the tool holder and
is held in position with a tapered-head bolt with a flat side., As
the bolt is drawn in, the tapered surface forces the bolt downwards
and the pressure of the flat side of the head on the tool holds it
in place. :

Fig. 212 and FPig. 213 illustrate two other methods of holding the
tool in the tool holder.

There aTe also on the market patented sets of tools and tool hold-
ers which have many convenient features. The set 1llustrated in
Fig, 214 1s made especially for shaper work by the "OK" Tool
Company.

FI1G.214

AND-BRINDING HOLDER
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e DESCRIPTION <~ SHAPER TOOLS
(OBJECTIVES OF UNIT )

l., To understand the terminology used in connection with cut-
ting tools.

2. To become familiar with the various shapes of tools,

3, To visualize and understand the angles of clearance, the
angles of rake, and the lip angle of the tool.

INTRODUCTORY INFORMATTON

Tools used in the shaper may be forged or ground
to shape from solid steel bars or they may be
smaller pleces of steel which are held and
clamped in a tool holder,

The shape of the tool varies considerably with
the character of the work, To give examples
of the various shapes of tools for every pur=-
pose and at the same time to satisfy every
individual mechanict's preference for form
would take up more space than is allotted in
this monograph., In addition, the terms applled
t0 single-point tools and tool holders are not
entirely consistent. Although attempts have
been made to standardize these terms, conventional usage so far
has frustrated the attempts to apply them in every case.

There are certain principles, however, which the beginner must un-
derstand before he can use and grind cutting tools intelligently.
For example, a tool mey cut very satisfactorily for general work,
but may not be satisfactory for susteined, heavy-duty production

- cuts, '

A

The same caution should be observed in this section regarding
terminology as was observed in the section dealing with tool hold-
ers. The terms adopted by the American Standards Association
have not been accepted by all users and manufacturers, and, there-
fore, some explanation may be necessary when standard terms dif-
fer from those in conventional use.

AT

It should be understood that chenges of this character take time
and often require considerable expense on the part of manufactur-
ers. Eventually, however, that which is best for the industry as
a whole will finally be adopted.

{ -
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CUTTING TOOL TERMINOLOGY

The shaper tool, or cutter, 1s a plece o1 high-grade steel which is
shaped, hardened, and ground to a cutting edge. It is securely
held in the tool head of the shaper and made to pass across the
work and take a series of cuts,

The tools may be forged from steel bars or they may be smaller
pieces of steel inserted iIn a tool holder. The cutters are usually
square or rectangular 1n shape, except in cases where tools are made
In sets to fit speclal types of tool holders.

The shape, or form, of the tool depends chliefly upon the shape of
the cut, although it is influenced by the kind of finish required
and the kind of material to be machined; the rake, the cutting an-
gle, and the clearances, on the other hand, depend principally up-
on the nature of the material. All of the foregoing consliderations
are governed by certaln basic underlylng principles which have been
determined as a result of experimentation and observation.

A discussion of tools ls better understood if some of the terms
used to descrlbe these tools are defined. The following American
Stendards! definitions apply to some of the more common terms
used In connection with single-point cutting tools., A more com-
plete list of definitions will be found in the American Machin-
i1sts' Handbook.

POINT -~ The point is all that part of the tool which is shaped
to produce the cutting edges and face (Fig. 215).

SHANK - The shank is that part of the tool on one end of which
the polint 1s formed or the tip or bit 1is supported,
The shank in turn is supported in the tool post of the
machine (Fig. 215).

X
gl
g
o]
x*
-

.
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FACE - The face is that surface on which the chip impinges as

it is cut from the work (Fig. 215).

CUTTING EDGE - The cutting edge is that portion of the face edge
along which the chip is separated from the work, The
cutting edge consists usually of the side-cutting edge,
the nose radius, and the end-cutting edge (Fig. 219).

SHAPE - The shape of the tool is the contour of the face when
vieyed in a direction at right angles to the base (Fig.
215).

WORKING ANGLES - - The working angles are those angles between
Tool and work which depend not only on the shape of
the tool, but also on its position with respect to the
work.

CUTTING ANGLE - The cutting angle is the angle between the face
of the tool and a tangent to the machined surface at
the point of action. It equals 90°, minus the true-
rake angle (Fig. 216).

LTP ANGLE - - The 1lip angle is the included angle of the tool
material between the face and the ground flank meas-
ured in a plane at right angles to the cutting edge,
When measured in a plane perpendicular to the cut-
ting edge at the end of the tool, it is called the
end 1ip angle. When measured at the point of chip
flow, it is called the true 1lip angle (Fig. 217).

BACK-RAKE ANGLE -~ The back-rake angle is the angle between the
Tace of ® tool and a line parallel to the base of the
shank or holder measured in a plane parallel to the
center line of the point and at right angles to the
base. The angle is positive if the face slopes down-
ward from the point toward the shank and is negative
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if the face slopes upward toward the shank (Fig. 218).

END-RELTEF ANGLE - The end-relief angle 1s the angle between
the portion of the end flank immediately below the cut-
ting edge and a line drawn through that cutting edge
perpendicular to the base. It 1s measured in a plane
parallel to the center line of the point (Fig. 219).

SIDE-RELIEF ANGLE - The side~-relief angle is the angle between
e portion of the flank immediately below the cutting
edge and a line drawn through this cutting edge per-
pendicular to the base, It is measured in a plane at
right angles to the center line of the point (Fig. 220),.

SIDE-RAKE ANGLE - The side-rake angle is the angle between
the face of a tool and a line parallel to the bhase,
It 1s measured in a plane at right angles to the
base, and at right angles to the center line of the

point (Fig. 220).

TRUE-RAKE ANGLE - The true-rake angle (or "top-reke"),
under actual cdtting conditlons is the actual slope
of the tool face toward the base from the active
cutting edge in the direction of chip flow., It is a
combination of the back-rake and side~rake angles
and varles with the setting of the tool and with
the feed and depth of cut (Fig. 221).

RIGHT-CUT TOOL -~ A right-cut single-point tool is one which,
when viewed from the point end of the tool, with the
face up, has the cutting edge on the right side (Fig. 223).

LEFT-CUT TOQOL - A left-cut tool has the cutting edge on the
Teft when looking at the point end with the face up-
ward (Flg. 222),

FIG,.22p FI0.223

FIG.220 FIG.2E1l
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BENT TO0OI, - A bent tool has the point bent to the left or
right to make its operation more convenient, These
tools are called left-bent tools if the point is
bent to the left when looking at the tool from the |
point end with the face upward and the shank point-
ing away, and vice versa {Fig. 224). -

SIDE=-CUTTING-EDGE ANGLE -~ The side-cutting~-edge angle is
the angle between the stralight side-cutting edge
and the side of the tool shank, In the case of a
bent tool this angle is measured from the straight
portion of the shank (Fig. 225).

1157

€T

END~-CUTTING-EDGE ANGLE - The end-cutting-edge angle is
e angle petween the cutting edge on the end of
the tool and a line at right angles to the side
edge of the straight portion of the tocl shank
(Fig. 225).

THE SHAPE OR FORM OF THE TQOI AS VIEWED FROM THE TOP

The shape of the tool may be curved, flat, or its sides may con-
verge to a sharp point, The form of the tool will depend prinei-
pally upon the surface being machined. For example, a tool with a
curved surface could not be used to produce a rectangular slot or
to produce a sharp corner, and, in contrast, a tool with a sharp
corner would not be recommended for a curved surface or for
roughing a flat surface.

Usually there is a difference between the roughing and the finish-
ing tool; in addition, a tool may be offset, or bent, to the

right or to the left and may feed elther in a right-hand or left-
"hand direction.

A tool with a rounded nose may be used to rough out both steel and
cast-iron surfaces, and with slight modification may be used to pro-
duce a finish cut. Frequently, the shear-cut tool (Fig. 226) is
preferred for finishing steel, whereas a tool with a flat end shap-
ed as in Fig. 227 1s extensive-
ly used to finish cast iron,

The three tools illus-
trated in Fig. 228
should give satis-
factory results when
used in the shaper to
produce flat horizon-
tal surfaces.

ey

The tool shown at 4 1s
recommended for roughing
cuts, It has a side-cut-~ ¥IC.226 ¥IG.227
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fing-edge angle of 8°, an end-cutting-edge angle of
159, and a 1/16" radius on the nose of the tool.

The slight variation of the round-nosed tool shown
at B is preferred by many for roughing cuts. It has
a side cutting-edge angle of 20° and a large radius
on the nose. The large radius on the nose is often
objectionable when this tool is used for fine cuts,
roughing out radii, and in other instances where a
broad surface on the tool is likely to produce chat-
ter. This mey be overcome by using a tool with a
small radius as illustrated at C.

Similar in shape to the tool for shaping horizontal
surfaces is the roughing tool for down, or vertical,
cutting (Fig. 229). The tool 1is ground to an angle
of about 85° with a small radius on the nose, The
side cutting edge should be parellel with the side
of the tool A or may be offset slightly B to give
clearance for the tool holder.

For finishing cast iron, the tool A (Fig.227) is
extensively used and will give excellent results.
The corners of the tool may be sharp or they may
be rounded slightly as in B.

Whenever it is desired to finish the surfaces of
steel, the shear-cut tool (Fig. 226}, when used
with a little coolant, will produce a smooth,
bright finish. (Refer also to Fig. 248.)

In addition to being used to finish cast iron, the
square-nosed tool (Fig. 230) can be used to cul
slots and to cut off material. The tool is made
considerebly narrower when used to cut off material,
and is ground to the desired width for cutting slots.

A tool that 1s used to finish square or acute angu-
lar corners is ground as in Fig. 231. This tool 1s
ground at an angle from 5° to 10° less than the an-
gle of the cornmer which it is intended to cut. A&s
the extreme point of this tool will
break down easily, it is not suitable
for roughing cuts. For roughing, the
nose of the tool should be rounded
(Fig. 232).

Convenient tools for rounding the edge
or for cutting the radius of a corner
formed by two 90° gurfaces are the ra-
dius tools (Fig. 233). These tools
are made in two styles, male and fe-
male, to sult either an inside or an
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outgide radius, The male radius tool A, should be ground at an an-
gle of about 85° to give enough clearance for the sides when the in-
side radius is being cut. Frequently this radius c¢an be cut out

with the nose of the round-nosed roughing tool. The corners of the

female radius, tool B, also should be given a slight relief to pre-
vent it from cutting into the adjoining flat surfaces.

As it is necessary at times to shape both sides of a job without
taking the work out of the vise or the machine, tools are made to
cut on the right<hand or left-hand side of the work. These tools
are referred to as right-hand or left-hand tools, or right-cut or
left-cut tools.

According to the American Standard Association definition, "A right-
cut single-point tool is one which, when viewed from the point end
of the tool, with the face up, has the cutting edge on the right
sidem (Fig. 234), "A left-cut tool has the cutting edge on the left
when looking at the point end with the face upward" (Fig. 235).

Here again, we find that terminology and use of shaper tools are not
entirely consistent with these definitions, Some manufacturers
still prefer to designate these in the opposite manner.

The same situation exists with the bent tools. In American Stand-
ard terminology, right and left single-point tools are designated
as in Fig. 236, At the same time, some users .still favor the old
method of naming them oppositely.

This situation always exlsts whenever .terminology is changed or
standardized, The important characteristics, nevertheless, of the
tool, such as clearance, rake, cutting angles, and shapes, seem fair-
ly well established and, after all, these are the important features
to the shaper operator.

CLEARANCE, RAKE, AND LIP ANGLE

The purpose of clearance, both om the side and the end of the shap-
er tool, is to allow the cutting edge to do the cutting and the
back of the cutting edge to clear the work.

It should be realized that the shaper tool does not feed sideways
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END RELIEF
oR
CLEARAN(.'.E

o
SECTION THROUGH. A —A

_TRUE’RAKE ANGLE
A
TRUE LIP ANGLE

FIG.239

TOOL WITH NEGATIVE RAKE

into the work during the actual cutting; there-
fore6 a clearance of 2° to 6° with an average
of 4% 1s usually consldered adequate clearance
for the side and the end of the tool. The ef-
fective clearance would, in the case of a
round-nosed tool, be a combination of the side
and front clearance measured at the nose of
the tool (Fig. 239),.

The side slope and back slope, or side rake
and back rake (Fig. 238) are more subject to
variation than the front and side clearances.
It is the amount of side and back rake whilch
has the greatest influence upon the true lip
angle of the tool (Fig. 239).

Theoretlcally, the rake should be ground on
the tool to reduce the amount of power re-
quired for cutting and to reduce the wear re-
sulting from the enormous pressure required
to peal off the chip, On the other hand, the
least possible rake should be given in order
to support the cutting edge and prevent it
from wearing and crumbling away.

Thus we are confronted with two opposite re-
quirements, one which requires the edge to

be as sharp as possible, and the other which
tends to avoid a sharp cutting edge. The
amount of rake must be determined then as a
compromise between the above two opposite re-
quirements. The tool should be sharp enough
to cut with meximum efficiency, but at the
same time blunt enough to support the cutting
edge sufficiently and yet produce the desired

"finish on the various metals,

With the foregolng principle in mind, the
student should realize that no set rake is
satisfactory for all metals and under all
conditions. Some very satisfactory results,
however, have been obtalned with the follow-
ing rake angles: for steel, a side rake of
10% to 20° and a back rake of 2° to 8°; for
cast iron, a side rake of 3° to 10° and a
back rake of 0° to 30,

Occasionally, a side-cutting tool may be given
a negative reke (Fig. 240)., As the tool moves
forward it first strikes the work above the
extreme polnt, softening the blow slightly
and reducing the tendency to break off the
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tip of the tool,

As mentioned previously, the 1lip angle of
the tool is influenced by the amount of
rake and the clearance of the tool. For
instance, if a tool has 3° clearance on
the side and a side slope of 15°, the 1ip L
angle at that point will be 72° (Fig. 241). |

SECTION THROUGH A-A
~. " lgof N
These tools are ground to be used with a . ] 47'““- N
tool holder which holds the tool parallel ¥ B8 7ecuLP ANelE |
horizontal) with the shank (Fig. 245). N .. —_ =
( ) (Fig ) L Nt
often the only type of tool holder avail- '
able is one which will hold the tool at a
150 angle of inclination (page 155),
This angle must be taken into considera-
tion when the tool is ground. If the
tool is inclined 15° in the tool holder
and a 3° relief angle (front clearance)
is required, 15° plus 3°, or an 18° re-
lief angle must be ground on the end of
the tool in order to compensate for the
15°)slope and to gilve 3° clearance (Fig.
242]). ‘

.__// A
T, /4,%

i{3° S

helas {115 inaLINATION lie%t
i amarance | [ OFTHETOOL [~—n
s i H

The same procedure must be followed 1n
regard to the back rake of the tool.
Since the tool is set at 15°, the back i

N
slope will also be 15°, and this, with a L
30 relief, will give a’lip angle'of 720 §§§§§%&\$‘
(Fig. 243), If for cutting cast iron a
back relief of 2° were required, then

the cutter would be ground on the tip to
a 1ip angle of 850 (Fig. 244).

The side relief and the side rake are al-
so affected by the 15° inclination,. but
not in the same proportion as are the

end relief and the back rellef.

Page 165




Machine Shop Practice UNIT 1-T52(C}
Trade Theory Series SHAPER WORK Beginner's Course

The following tools are designated to conform to the terminology
of the American Standards Assoclation definitions. The indicated
cutting angles and the clearances are to be used when the tool is
held parallel (horizontal) with the shank of the holder,

LEFT-CUT ROUGHING TOOL FOR CAST IRON

LEFT-CUT ROUGHING TOOL FOR STEEL

SIDE-CUTTING TOOL FOR SQUARING CORNERS
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HOW TO SET UP SHAPER TOOLS
(OBJECTIVES OF UNIT ) - t

1. To explain how the tool head is prepared, and how the tool and
tool holder are selected.

2, 'To show how the tool and tool holder are set, and to illus- v
trate a number of typical tool setups.

INTRODUCTORY INFORMATION

An important element in tool settling 1s one of rigidity. The tool
head is provided with adjustments to eliminate vibration as much
as possible, and at the same time to allow for the movement of the

tool. To minimize the tendency toward vibration or chatter, the -
head, then, should be properly adjusted. In addition, the tool
must be supported properly. The tool slide and tool should not be L

allowed to overhang or project beyond the point of support any more

than is absolutely necessary. The tool also must he held short in o
the tool holder., There are tlimes, however, when overhang 1s un-
avoidable. In these cases, light cuts should be taken and care “

should be observed when the tool 1s being fed into the work.

Another important consideratlon is to set the tool or holder so

that the tool swings away from the work. The importance of such a (.
setting ls evident when a flat surface is belng roughed out, If
the tool is held in a vertical position and the side pressure of
the cut causes the tool or holder to move in the tool post, the
tool will swing away from the surface belng machined., If, on the ¢
other hand, the tool or tool holder is pointed toward the cut and

the slide pressure of the cut causes the tool or holder to move in -
the tool post, the tool will "dig in," Here agaln, there are ex-
ceptions to this rule., If it 1s necessary to point the tool to-

ward the cut, the tool must be watched carefully to see that it

does not slip and dig into the work,

Finally, the tool may be set ahead or behind the point of support.
In many cases the tool can be set ahead of the point of suppeort, -
For finishing cuts, the tool may be set behind the supporting sur- s
face, the double purpose being to eliminate chatter and to produce '
a smoother finish, .

TOOLS AND EQUIPMENT

L Y
Shear tool Tools for cutting contours
Cleaning cloth Shaper and necessary wrenches
Tools for serrating Tools for combined and vertical cuts &

Available tool holders Tools for side cutting and chamfering
Tools for cutting slots Tools for horizontal and vertical cuts

Page 168




Machine Shop Practice UNIT 1-P52(C)
Fundamental Process Series ,SHAPER WORK Beginner's Course

HOW TO USE SHAPER TOOQLS
PROCEDURE
PREPARATION OF THE TOOL HEAD

l. Read the description of the tool head on page 14,

2. Clean and oil the head daily, following the in-
structions given on page 48,

3. Examine the ¢lapper box and make sure that dirt,
burrs, or chips do not prevent the block from
working freely. -

4, Be sure that no chips have lodged betwsesen the
back of the block and the base of the clapper
box, This would prevent the block from seat-

ing properly.

5. Move the block outwards and upwards with the hand and allow it
to drop back into place,

6, Be sure that 1t seats solidly on its base,
7. Move the tool slide up and down by turning the down-feed crank,
NOTE: The gib on the tool slide should be adjusted so that

the down-feed crank offers resistance to turning when
the tool slide is moved downwards,

m Some experience, care, and Judgment are neces-
sary when the gib is belng adjusted, The reg-
ulating should be done by a qualified person.
SELECTION OF THE TOOL OR TOOL HOLDER

1. Read the deseription of tools and tool holders
on pages 1953 and 158,

2, Declde whether a solid forged tool or a tool
holder must be used, basing the decision on
the job to be machined and the avallable sup-
ply of tools and tool holders,

3. Observe whether the tool is held parallel
with the shank of the tool holder or is in-
clined at an angle if a tool holder is used.

4, Be sure that the clearance and the rake of the
tool are ground to sult the manner in which
the tool is held In relation to the shank of
the tool holder,
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Remember that the inclination of the tool affects
both the clearance and the rake as explained on
page 165.

5. Choose from the special set (Fig., 214), if a set
is avallable, a tool to sult the character of the
work, These tools msre grounrd with the correct
clearance and rake, and the cutter can be changed
easily to meet the requlirements of the work.

SETTING THE TOOL OR TOOL HOLDER IN THE TOOL POST

1. Adjust the tool slide with the down-feed crank
so that when additional cuts are taken the tool
slide will not project or overhang more than one
inch below the head of the ram (Fig. 249).

NOTE: Sometimes it is necessary to move the

slide beyond the limlt of one inch for
some cutting operations, If this 1s necessary,
light cuts should be tsken and care should be
exercised; otherwise the tool slide may be broken..

£. Move the clapper box to the right (Fig. 251) if
the tool is cutting on the right-hand side of the
work, This will allow the tool to move clear of
the work and will prevent unnecessary wear on the
cutting edge of the tool. (Refer to page 179 for
setting the clapper box.)

3. Move the clapper box to the left if the tool is
cutting on the left-hand side of the work,

4, Set the blapper box in a vertlcal position for

cutting off, for cutting slots, and for meking
similar cuts.

5. Move the hesd either to the right or to the left
for angular cuts, -

NOTE: The adjustment of the clapper box to the
right or to the left will depend upon
the direction of the cut, whether the cut is on
the right or left slide of the work, and the 4i-
rection in which the head is swiveled. These

adjustments are fully explained in the follow-
ric,252 FIG.253 ing units,

6. Hold the tool short in the tool holder (Fig. 249).

7. Place the tool holder or tool in the tool post with the small-

Page i70




Machine Shop Practice UNIT :_L-P52( c) ;
Fundamental Process Series SHAPER WORK Beginner's Course

est possible amount of overhang (Flg., 249), The reasons for
this are to secure the tool rigidly, to prevent chatter in the
tool, and to prevent undue strain on the tool slide,

8. Place any one of the tools in the shaper tool post in the
conventional manner.(Fig. 252). Notice that the cutting
edge of the tool is ahead of the support or fulcrum,

9. Reverse the tool holder illustrated in Fig. 253 if a
gooseneck tool is desired., This has the cutting edge
behind the support to allow the tool to swing away from
the work when it is under heavy cutting pressure. (Re-
fer also to page 155.)

NOTE: The tool holder shown in Fig. 208 1is still used
in some shops, although it 1s being gradually
replaced by the one illustrated in Fig. 209.

HORIZONTAL CUTS

Tool head vertical. 1. Tool head vertical.

Clapper box vertical 2. Clapper box vertical
or over to the left. or over to the right.
Tool or tool holder 3. Tool or tocl holder
held vertically. held vertically.

VERTICAL CUTS

Tool head vertical. 1. Tool head vertical.
Clapper box over 2. Clapper box over

to the left. to the right.

Tool holder inclined 3. Tool holder inclined
to give about 50 to give about 50
clearance on the side. clearance on the side.

COMBINED CUTS

Tool head vertical. 1. Tool head vertical.

Clapper box over 2. Clapper box over

to the left. ' to the right.

Tool set to have 3. Tool set to have

about 59 clearance about 59 clearance

with the vertical and with the vertical and

the horizontel sides. the horizontal sides.
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ANGULAR CUTS
1. Tool head set to the 1l. Tool head set to the
left. - I‘ight -
2, Clapper box over to 2. Clapper box over to
the right. the left.
3. Tool set to have 3, Tool set tc have

about 5° clearance
with the angle of

about 50 clearance
with the angle of

the cut. the cut.

CHAMFERS
Tool head set to the 1. Tool head set to the
right. left.
Clapper box parallel 2. Clapper box parellel
with the heed. with the head.
Tool edge set approx- 3. Tool edge set approx-

imstely with a gage,
or with a protractor.

imately with a gage,
or with a protractor.

CHAMFERS
Tool head vertical. 1. Tool head vertical.
Clapper box to the 2. Clapper box to the
right. left.
Tool edge set approx- 3. 7Tool edge set approx-

imately with a gage,
or with a protractor,

or with a protractor,

imately with & gage,

SLOTS SERRATIONS

1. Tool head vertical.
<. Clapper box vertical.
3. Tool vertical.

FORM CUTS

1. Tool head vertical.

2. Clapper box vertical.

3. Tool set with a horizontsal
surface and side of the
tool set with & steel
block or a small square.

l. Tool head vertical.
2. Clapper box vertical.
3. Tool vertical.
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DESCRIPTION-~HORIZONTAL, VERTICAL--<COMBINED CUTSe

OBJECTIVES OF UNIT

1. To describe horizontal and vertlical cuts.

2., To describe shoulder cuts,
3. To point out the requisites of a good setup.
4, To discuss the factors which affect surface finlsh,

INTRODUCTORY INFORMATION

Most of the work performed in the shaper
consists of machining flat surfaces on
work held in one or another of the de-
vices already described.

A single-point tool, so called because it
has one cutting edge, does the cutting.
It moves back and forth over the work
with a reciprocating movement, cutting
during the forward stroke only. During
each return stroke either the work or the
tool is advanced (fed) more or less, pre-
paratory to removing another cut during
the next forward stroke. The feeding is
continued automatically, or by hand, un-
t11 a surface of the desired width has been machined.

When the work is fed in a horizontal direction under the recip-
rocating cutting tool, the surface produced is a horizontal
flat surface. But when the work is fed in a vertical direction
to the tool, or when, instead, the tool is fed in a vertical
direction to the work, a vertical flat surface 1s produced.

The vertical surface or step joining one horizontal surface
with another horizontal surface which is somewhat higher or
lower is referred to as a shoulder. Both horizontal and ver-
tical shaping are required to form a shoulder when the dis-
tance separating the horizontal surfaces 1ls considerable.

The surface finish attained depends on such factors as the
shape of the tool, the depth of cut, the rate of feed, and the

naterial being machined.
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DEFINITION OF CUTS

In the subsequent description of shaper operations,
the word "cut" recurs frequently. The same meaning,
however, is not attached to this word in each in-
stance, as the following examples will indicate.

The most common usage of the word has reference to
the thickness of the metal which the tool removes
from the surface of the work and indicates the depth b3
of the shoulder which is made by the tool when it is cutting th
metal, For example, when, according to instructions, a 1/4-inch
cut is to be made, 1/4" of metal is removed from the surface,

and the thickness of the work is reduced a corresponding amount.
During the cut the tool forms a shoulder one-fourth-inch deep as
indicated by a measurement taken from the finished surface to the
uncut surface of the work.,

The term "cut" is used in another semse in calcu-
lating the time required to machine a given area, 1In
this instance, "cut" refers to the width of the sur-
face from which the metal is removed, for the work

i1s usually placed in the shaper lengthwise. Then,
with the feed per stroke known, the wldth of the sur-
face determines the number of strokes required to
take a cut off the surface, For example, if one-
fourth inch of metal is removed from a surface 6%
wide and 10" long, and the work placed In the machine
lengthwise, the width of the surface would be refer-
red to as a 6-inch cut, for the tool would be requir-
ed to feed a total of 6" to finish the surface. The
number of strokes required to machine the surface de-
pends upon the rate of feed.

The word "cut®™ is used in still another sense to des~
jgnate the plane of the surface from which the metal
is removed, TFor example, when the surface requiring
machining lies flat, and the work is fed under the
tool in a horizontal direction, the tool is said to
take a horizontal cut.

The same procedure is followed in referring to metal
removed from a surface located in a vertical or an
angular plane. Thus, when the tool is fed down or
the work is fed up at right angles to the top of the
table,the cut 1s sald to be a vertical cut. When
the tool head is swiveled from its 90° location, and
the tool is subsequently fed to the work by means of
the down-feed screw, the result 1ls an angular cut,.
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THE HORIZONTAL CUT , D

The horizontal surface, as produced in the shaper, is the result of
a series of cuts made with a single-point cutting tool during the
forward stroke of the ram and the accompanying movement (feeding)

of the work in a horizontal direction during each return stroke.
Alternate cutting and feeding are continued until a surface of the
desired width has been machined, the feeding being either automat-
ically or menually controlled. During the cutting process, the work
is clamped rigidly in a vise, in a fixture, or to the surface of

the table, its only movement occurring together with the movement

of the table on the cross rail, when the cross-feed screw is turned.

With the exception of unusual conditlons which require that the
feeding mechanism operate at the beginning of the cutting stroke
instead of during the return stroke, the length of stroke should be
set only about three-fourths of an inch longer than the work, One-
half ineh of this extra length should come at the beginning of the
stroke in order that the clapper block may seat properly before the
tool engages the next cut; the remaining one-fourth inch should
come at the end of this stroke.

PLACEMENT OF THE STROKE

When, for one reason or another, the feed has been ad-
justed to operate at the beginning of the stroke, the
tool must be allowed to run beyond the back end of the
work a somewhat greater distance than usual, and obvi-
_ously the stroke too must be made correspondingly
longer. The additional space is required at the be-
ginning of the stroke under these conditions in order
that all feeding of the table will have been completed
before the tool engages the metal; otherwise the feed mechanism
will be subjected to the heavy pressure needed to force the tool
into the metal, a pressure which the mechanism never was intended
to withstand,

Although it is essential that the ram stroke be somewhat longer
than the work and that the stroke be placed so that the cutting
tool clears both ends of the work, the tool, nevertheless, 1is lidle
(non-cutting) as it passes through this extra space, inasmuch as
it removes no metal at this time.

For economy of time, therefore, it is lmportant that the stiroke-
length be held to the minimum required for proper functioning of
the tool, and, moreover, that the work be placed in the shaper,
whenever practicable, in a manner intended to reduce the non-cut-
ting or waste time of the tool to a minimum. Despite the desire
for economy of time, however, the stroke should not be shortened
to the extent that the feed mechanism is caused to operate after
the tool has entered the cut,
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PLACEMENT OF THE WORK . :
BLONGER STROKE

MORE DESIRABLE}

Since it is necessary for the tool to overrun the work
for the same distance, whether the stroke used 1is long or
short, it becomes apparent that the jJob should be placed
in the machine in the position requiring the fewest
strokes, for less time will then be wasted. Thus, when a
surface may be planed elther crosswise with a short
stroke or lengthwise with a longer stroke, the longer one
should be selected. For example, a job which can be ma-
chined by placing it in the shaper either lengthwise or
crosswise has been shown in Fig. 254. If this job is
placed in the shaper crosswise the non-cutting area
traveled by the tool will be twice as great as that which
the tool would travel if the Job were placed in the ma-
chine lengthwise, The non-cutting area for the crosswise
cut 1s represented in grey; for the lengthwlse cut it is
represented in black,

In conformity to the practice recommended, that of plac-
ing the work in the shaper lengthwise whenever practica-
ble, the work held iIn the vise should be gripped by its
longer sides and the vise Jaws should be set parallel
with the ram as shown in Flg., 255. Narrow work should
not be held in the vise as shown in Flg, 256 since it 1s
likely to turn under the cutting pressure,.

FIG.ESH

| 53

All work, however, cannot be planed with a lengthwise
stroke. It 1s often expedlent when extremely heavy

cuts are being taken and when the work has only a small
gripping surface, to set the vise jaws at right angles
to the ram and to use a shorter crosswise stroke. With
this arrangement, the work is less likely to slip in the
vise, for the thrust of the tool during the cut is taken
up by the vise jaw,

WORK

BB VA

F 716,256

TOOLS FOR THE HORIZONTAL CUT

Tools of various shapes and tools for various cuts and
materials have been described and illustrated in the
section entitled, Description of Shaper Tool Holders and
ghaper Tools, beginning on page 151.

For horizontal cuts intended to remove excess metal when
the surface finish is of minor importance, one of the
round-nosed roughing tools illustrated on page 166 in the above sec-
tion will prove very satisfactory. When the selectlion is made, both
the material in the Job and the direction of the feed must be taken
into consideration. The material to be cut influences the top- and
side~rake angles of the tool particularly, and the direction of the
feed determines whether a tool having its cutting edge on the right
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side, or one having its cutting edge on the left side will be used,
The cutting edge, obviously, should be on that side from which the
work approaches the tool during the cut. For example, a tool
ground approximately like the one in Fig. 248 should be used for
roughing out a horizontal surface of cast lron, and the work should
be fed to the tool from the left side, since the cutting edge is on
the left side of the tool.

Elther a solid tool, forgéd and then ground to the recommended
shape, or a tool bit ground to a similar shape and held in & sult-
able tool holder, can be used. For extremely heavy cuts, the solid

tool is preferred.

REQUISITES OF A GOOD SETUP

Rigidity of both the machine and the cutting
tool 1s essential for the taking of heavy cuts
and for the productlon of accurate work in the
shaper. One of the requisites for attaining a
rigid setup is the proper placement of the
cross rail on the column; another has to do
with the placement of the cutting tool, and a
third with the position of the tool slide on
the head (Fig. 257).

Whenever practicable, the cross rail should be
moved up on the column so that the surface to
be planed 1s about two inches below the ram.
Of course, the binder bolts which clamp the
rail to the column and also those whilich -clamp
the table support must be loosened before the
rail is adjusted and, likewise, after the rail
has been relocated, these bolts should be
tightened again.

The tool bit, if one is used, should extend
from its holder only far enough to allow the
cut to be made without interference between
the work and the tool holder. The tool hold-
er, also, or the forged tool, whichever is
used, should be clamped in the tool post with’
its cutting end falrly close to the tool head
so that it will be well supported.

Moreover, the tool slide should be kept well
up on the tool head where it too will be prop-
erly supported. Incidentally, allowlng the
slide to extend more than 1-1/2 inches beyond
the head is considered extremely hazardous
since it 1is likely to break from the pressure
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of the cut. Too great an extension of the tool slide and the haz-
ards which accompany it, however, are likely to occur only when
the admonitions regarding the location of the rail on the column
end the clamping of the tool in the tool post have been disregard=-
ed. If both the rall and the tool are located as suggested, it
will be practically impossible to move the slide too far down on
the head during the cut.

When, for one reason or another, the surface to be planed cannot
be raised so that it is close to the ram, the extra space should
‘be provided for in the setting of the tool; that is, the tool
should be extended from the tool post, rather than

the tool slide from the head (Fig. 258).

When a cut is taken from a horizontal surface, the
tool head, the clapper box, and the cutting tool
are usually placed in a vertical positiomn, that is,
perpendicular to the surface to be planed.

The only reason for setting the head vertically,
that is, with the 90° graduation on the swivel
block in line with the zero on the ram, is that
with the head in this position, vertical movement
of the tool coincides exactly with that registered
on the micrometer dial located on the down-feed
screw.

On the other hand, 1f the head 1s set at an angle
other than 900, the actual vertical movement of

the tool will be somewhat less than the distance ADDn10NA¢_cnSmANCE
indicated on the graduated dial, inasmuch as the SLIDE MUST TRAVEL TO
tool is then moved toward the work in an angular REACH SURFACE —

direction instead of in a vertical direction when
the down-feed handle is turned (Fig. 259).

POSITION OF THE CLAPPER BOX

The function of the clapper box is to permit the
tool to 1ift dquring its return stroke and thereby
prevent severe rubbing of the tool on the metal and
the consequent dulling of its cutting edge. The
clapper box is usually set square with the head
during horizontal cuts, although for heavy cuts it
may be desirable to swing its upper end away from
the cut in order to relieve the tool from excessive
drag. When the clapper box is swiveled, the tool
not only 1lifts but also swings out from the work
during the return stroke. The manner in which this
action takes place has been more fully explained on
page 186 in connection with vertical shaping.

If the clapper block is to function as intended, it
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must be maintained in good operating condition by
keeping it clean, properly adjusted, and well olled.
The lubrication will assure the block's lifting free-
ly during the return stroke, and c¢leanliness, together
with careful adjustment of the taper pin on which it
hinges, will assure proper seating of the block during
the cuttlng stroke.

PLACFMENT OF THE TOOL HOLDER AND THE TOOL

The cuttlng tool should be clamped securely in the
tool post in a vertical position approximetely square
with the surface to be planed. During heavy cuts when
the pressure of the metal on the tool is likely to -
move the tool sidewise, the tool should be set at a
slight angle away from the work, so that if by any
chance the tool moves, it will be in a direction away
from the work as shown by the are in Fig. 261, If the
tool is pointed toward the work and cutting pressure
moves 1t sidewlse, 1ts movement will be in the direc-
tion indicated by the arc in Fig., 262, The cut then,
obviously, will become deeper and, if unobserved,

this downward movement of the tool may result in
planing below the finish line and thus cause the work
to be spoiled. When, for any reason, the tool must
be pointed into the cut, it must be watched very
closely in order to detect, immediately, any slippage
which might occur. The farther the tool extends from
the tool post, the greater becomes its likelihood of
moving because the pressure on its end increases in
proportion to its extension from the tool post. For
nost work, the tool need not extend more than 1-1/2
inches below the tool block.

DIRECTION OF THE FEED

T During the operation of the shaper, the opera-
g tor usually occuples a position at the right-
front side of the machine., From this position
most levers and handles which are used for set-

.ting up the Job and the machine, as well as
levers and controls used for subsequently oper-
ating the machine during the cut, are accessi-
ble to the operator without his moving any ap-
preciable distance.

The logical place to start the cut, therefore,
is from the right side of the work, that is,

from the side nearest the operator. From his
usual place, the operator is then able to ob-

s

FI1G.263
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serve the depth of the cut and the cutting
action of the tool during the cut, A tool
with its cutting edge on the left side must
be used for cuts started on the right slde
of the work, The tool is set to the depth
of cut desired by means of the down-feed
handle, and this depth of cut is indicated
in thousandths of an inch on the micrometer
dial adjacent to this handle (Fig. 263).

The work is fed to the tool by hand until

the cut has been started and until its cor-
rect depth has been established; only then
is the power cross feed engaged (Fig. 264).

THE ROUGHING CUT

A roughing cut is one made primarily for the pur-
pose of preparing the surface of the work for the
£inal or finishing cut, the appearance of the sur-
face being of minor importance.

Roughing cuts may consist merely of removing one or
two cuts in order to remove scale and irregulari-
ties found especlelly on the surface of castings,
with the idea of making the surface fairly straight
and level preparatory to taking the finishing cut.

They may, on the other hand, consist of taklng sev-
eral heavy cuts when consliderable excess metal 1is
to be removed prior to finishing the surface.

In either case, to avoid rapid dulling of the cut-
ting tool, the first cut taken from a casting should
be sufficiently deep to get under the scale, pro-
vided a cut of this thickness can be made without
cutting the work undersize,

PIG.265

If the job requires no great accuracy or fine finish, one cut

made with a moderate rate of feed may suffice. Since the surface
of a rough casting is seldom straight or level, the cut will not
be of uniform thickmess throughout, but the tool will remove a
thieck chip from high points on the casting and a thin chip from the
low spots. This variation in the depth of the cut 1ls reflected to
some extent in the machined surface, for the tool springs more
when taking a heavy cut than it does when making a 1light cut, and,
as a result, produces a surface on which high and low spots are
quite apparent when the surface is checked with a stralght edge.

Therefore, whenever the final surface is to be straight, a second
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COARSE FEED RESULTS N
INFERIOR SURFACES

BEVELED EDGE

PREVENTS BREAK-OFFE[ |

roughing cut is recommended, and approximately 1/16"
of metal should be allowed for this cut in addition
to the amount usually allowed for the finish cut.

When considerable metal is to be removed, the depth
of the roughing cut and the rate of feed should be
combined to remove as much of the surplus stock dur-
ing a single cut as the shaper is capable of remov-
ing, always subject to the condition that the job,
the method of holding it, and the size of the tool
can withstand the pressure exerted by a heavy cut
and a coarse feed.

Roughing cuts for removing a given amount of surplus
metal can be made by using either a very coarse feed
and less depth of cut or by using a heavy cut and
less feed per stroke, The deeper cut with less feed
is usually preferable, inasmuch as the wide spacing
of the feed marks and the greater tear in the metal
which accompany the very coarse feed, result in an
inferior surface which consequently requires a great-
er number of finish cuts to produce a smooth surface
of good appearance.

As a general rule, it is best first to set a rate of
feed which will result in a surface having the de-
sired finish, and then to set a depth of cut suitable
to the job, the tool, and the power of the machine,

The edge at the end of the cut, especially on cast

- materials, is likely to break off, leaving the edge

ragged. This undesirable condition can be avoided
by beveling the edge about 45°, approximately to the
depth of the intended cut, using a file, or a cold
chisel if considerable material is to be removed.

CUT

A finishing cut is one made for the purpose of cut-
ting the work to size and at the same time giving it
a smooth surface of good appearance.

The amount of material which must be removed to pro-
duce the required finish on a job is dependent up-
on the surface produced during the last roughing
cut, Ordinarily, the feed marks and tears caused
by the roughing tool can be removed from the work if
between ten and fifteen thousandths are allowed for
the finishing cuts., If, however, the feed used dur-
ing the final roughing cut was exceptionally coarse
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or if the tears caused by the tool during this cut
are unusually deep, the amount of material allowed
for the finishing cuts must be increased, provided
the size of the job 1s to be accurately maintained.

The number of finishing cuts required will be deter-
mined largely by the kind of finish desired and by
the degree of accuracy demanded, and not by the
amount of metal which is to be removed.

For example, when neither the final dinmensions nor
the finlsh specified on the job are too exacting,
one finish cut made with the same tool used for
roughing, but with the feed reduced somewhat, may
produce the desired results, On the other hand,
several cuts will be required if the surface is to
be perfectly true and if the dimensions are to be
extremely accurate at the same time.

The tools used for roughing cuts made on steel and
cast lron are quite simlilar in shape, although 4if-
ferent slde- and top-rake angles are recommended
for tools used for each of these materials., The
tools used for finishing these materials, however,
differ considerably and should not be used inter-
changeably, (Refer to page 166.)

The tool best sulted for finishing cast iron has a
rather broad and flat cutting edge ground at right
angles to the stroke of the ram. This cutting edge
must be set parallel with the surface of the work so
that a feed approxzimately one-half the width of the
cutting edge may then be used, In this way, one cut
overlaps the next considerably and produces a smooth
surface (Figs. 267 and 268),

When broad surfaces on cast iron are being finished,
it is not unusual to use a tool having a cutting
edge 3/4" to 1" in width, Because of its broad con-
tact with the work, however, "chatter" and "digeging
in" are likely to occur. These objectionable conse-
quences can be eliminated by setting the cutting
edge of the tool directly under, or, preferably, a
short distance behind the fulcrum A. Imn solid tools,
this 1is accomplished by shaping the tool as shown in
Fig. 269. This tool 1is known as a spring tool and
for obvious reascns also as a “gooseneck" tool, The
same effect (spring) can be obtained with certain
kinds of tool holders by placing them in the tool
post as shown in Fig, 205 on page 155.

Page 183

FIG.267,

FIG,269 %g




Machine Shop Practice
- Trade Theory Series

UNIT 1-T53(A)
SHAPER WORK Beginner’s Course

GRIT ON
" SURFACE

" OF WORK

F DO NOT TOUCH CAST &
IRON WITH OILY HANDS/ |

' FOR
FINISHING
CAST IRON

FIa.270

Finishing tools used on cast iron will remain sharp
for a longer period 1f the edges of the castings are
beveled slightly so that the tool will not come into
contact with the sand and scale usually present on
their surfaces.

011, too, should be kept from cast iron, especially
during finishing cuts, for when oil is present the
tool glazes the surface and, as a result, slides over
the metal instead of penetrating it.

Steel of fers a greater resistance to cutting than
does cast iron, and for this reason the broad-nosed
tools and the coarse feeds generally used in the fin-
ishing of cast iron, cannot be used for finishing
steel, for these tools tend to gouge or "dig" into
the surface.

The width of the flat cutting edge, therefore, is
consliderably less on a tool used for finishing steel
than on one used for finishing cast iron., Furtherw
more, in contrast with the cutting edge of the tool
used for cast iron, the cutting edge of a finishing
tool for steel should be ground so that it approaches
the work at an angle, and takes what is known as a
shear cut. A shear tool produces a very smooth sur-
face if used with a fine feed and a suitable cutting
lubricant. Moreover, if the cutting edge is set be-
hind the fulcrum as has been suggested for the cast-
iron finishing tool, all possibility of its "digging
in" can be eliminated. (Refer also to page 166.)

THE VERTICAL CUT

Vertical cuts are used for squaring the ends of long
work, for squaring shoulders, for cutting slots and
keyways, and for planing other work of a similar na-
ture.

There are two ways in which a vertical surface can
be planed in the shaper. In the first, and by far the
most frequently used method, the tool is fed to the
work in a downward direction by means of the down-
feed screw and under the guidance of the tool slide.

In the second method, the work is fed to the tool in
an upward direction by means of the elevating screw
the cross rail, the table and the work being moved up
on the ways of the column as a unit {Fig. 270).

In order that the operator may be fairly certain that
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an end or a shoulder will be machined square
with both a side and the base of the Job,
these two locating surfaces must have a defi-
nite relationship with the stroke of the ram
and with the upper surface of the machine table,
respectively., For example, the side which is
to be square with the end must be located at
right angles to the stroke, and the base must
be parallel with the top of the table.

To meet these requirements, the work can be
Placed elther on parallels in the machine vise
having its jaws set square across, or it can
be placed crosswise on the machline table and
squared with the side of the table. Moreover,
as a precaution against cutting into the vise
or the table, the work should be extended at
least one-elighth inch farther beyond the side !
0T the work-holding device than 1s necessary

for cutting the work to length (Flgs.271 & 272).|

In order to complete the setup for planing an
end or a shoulder, the tool slide, the tool,
and the clapper box must be correctly adjusted also,

When the down-feed method is used, the tool sllide must be
set square with the table, for thils setting determines
the direction of the tool during the cut., When, however,
the vertical cut is made by feeding the work to the tool
by raising the table, the setting of the slide is of
minor importance, inasmuch as the work is guided ver-
tically by the ways on the column.

Either a straight or an offset tool holder (or = solid
tool) can be used with equal facility for vertical cuts,
provided that the tool bit used in each of these holders
1s ground accordingly and that the tool holder 1is held in
position correctly in the tool post.

Best results are achieved when the cutting edge of the
tool 1s set iIn an approximately horizontal plane. In or-
der to obtain this conditlion when a straight tool holder
is used, the cutting edge must be on the end of the tool
bit and the tool holder must be set at a slight angle in
the tool post so that it will clear the work when the
tool is fed down (Fig. 274). '

On the other hand, when an offset tool holder is used,

the cutting edge must be on the side of the tool bit in- =
stead of on the end, if the cutting edge is to approach WORK
the work horizontally (Fig. 275).

FIG.275
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THE ToOL

‘FUNCTIONING OF THE CLAPPER BOX

For all vertical and angular cuts, except slots and similar opera-
tions, the clspper box must be set at an angle from its vertical
position, either to the right or to the left, depending upon the
location of the shoulder or the end which is to be squared.

The adjustment is made to prevent the tool from dragging over the
planed surface during the return stroke, at which time, as explain-
ed on page 16, the tool, together with the tool block, swings for-
ward and 1ifts slightly on the hinge pin.

When the ¢lapper box occupies a vertical position, as is usual

when horizontal cuts are being taken, the tool polnt swings upward
in a plane a—a (Fig. 276) during the return stroke of the ram, and,
if the clapper box is not changed from this position for the verti-
cal cut, the tool will drag over the finished surface, causing it
to become scored (Fig., 277).

It is for the purpose of overcoming this objectionable condition of
scoring that the clapper box is set in an angular position, for when
the clapper box is in this position, the tool point swings in a
plane b—b at right angles to the axzis of the hinge pin ¢—-c, on
which the tool block swivels. Since the plane b—b is not parallel
with the surface of the work, the tool point moves out from the fin-
ished surface {to the right) as soon as it swings upward and, as a
result, does not score the planed surface. Obviously, the outward
movement of the tool would be in the opposite direction if the clap-
per box were swiveled to the left (Figs, 278 and 279).
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Correct location of the clapper box is assured if the upper end of
the clapper box is moved in a direction away from the vertical or
angular surface which is to be planed. In other words, the upper
end of the clapper box must be swung to the right {(Fig. 278) for
squaring shoulders and ends on the right side and vice versa for
vertical cuts on the opposite side. Moreover, the cutting tools
must be ground accordingly for both roughing and finishing cuts.

COMBINED HORIZONTAI. AND VERTICAL CUTS

A shoulder comprises a vertical surface which ex-
tends upward from a horizontal surface perpendic-
ularly. Cuts In both a horizontal and a vertical
direction are necessary, generally, to square a

shoulder of any appreclable height, that is, for
squaring a shoulder more than one-half inch high,

The only new element involved in machining a shoul-
der 1s that of forming the corner where the hori-
zontal and the vertlcal surfaces meet, Aslide from
this, squaring a shoulder simply combines in one
Job, two operations which were described separate-
1y heretofore —— horizontal and vertical shaping.

Work of this kind should be roughed out rather
close to the layout lines, or close to the dimen-
sions specified 1f a layout has not been made. The s
job should be placed in the machine to best advan- ‘DONOTCU{
tage and a series of horizontal cuts should be made o NTO
with a round-nosed tool having a small radius. L HORIZONTA

L ., SURFACE
Since the horilzontal cuts do not run entirely .
across the work, but, instead, end somewhere on its
surface to form a shoulder which becomes increas-
ingly higher as each succeedling cut ls made, the
c¢clapper box should be adJusted as for vertical cuts
as explained in the precedling sectlon.

After the job has been roughed out, the horizontal
surface should be finlished to size first, and this
should be followed by finishing the vertlcal sur-
face with a suitable tool. (Refer to page 166.)
When the vertical cut is being made, care must be
exerclsed that the tool is not fed below the hori-
zontal surface (Fig. £80).

If the corner is to be square, a tool shaped like
the one in Fig, 316 should be used to remove the
fillet left by the round-nosed tool., Micrometer
control of the amount of metal removed is afforded
in both directions — vertically by the micrometer
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collar on the down-feed screw; horizontally,
by a similar collar on the cross-feed screw,

The length of the vertical cut which can be
made on any shaper varies with the size of
the machine, It is inadvisable, generally,
to plen on using this entire distance for a
vertical cut, for when the slide 1s fed
down this distance, it wlill extend beyond
the swivel block considerably. In its ex-
tended position, the slide is supported in-
adequately by the tool head, and,as a result,
it is likely to bresk (Fig. 281).

It is good practice, therefore, when plan-
ning a vertical cut, to have the slide high
enough at the start, and thus avoid this
hazardous condition as far as possible, If
for any reason the slide must be used in its
extended position, the cuts must be light,
and care must be used when feeding the tool,
that it does not get caught in the metal.

For jobs on which the shoulder is not very
high — not over one-half inch — a square-
nosed tool such as has been shown on page
276, Fig. 457, can be used, not only for
squaring the shoulder but also for planing
the entire Job. Its use saves changing

tools, for this type of tool can be fed
down to cut the shoulder and to remove most
of the remaining metal. It can also be fed
crosswise for taking a light cut to finish
the horizontal surface (Fig. 282).

Moreover, whenever the height of the shoul-
der makes the use of a square-nosed tool
practicable, the clapper box need not be swiveled, but instead

it can remain in its usual position during both the vertical and
the horizontal cuts,

SELECTED REFERENCZES

Barritt, J. W. Care and Operation of Machine Tools
Burghardt, Henry D. Part II, Machine Tool Operation
Turner, Willlam P. Machine Tool Work
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l. To show how to set up the shaper and how to plane a hori-
zontal surface on work held in the vise,

2. To explain the successive steps 1ln planing the four sides
of a square or rectangular plece,

5. To show how to set up the shaper for planing a vertical
surface, :

4, To show how to square a shoulder.

INTRODUCTORY INFORMATION

The shaper 1s Intended primarily for planing flat surfaces on work
usually held 1n the machine vise. Both horizontal and vertical

cuts can be made with equal faclllty, since the shaper is construct-
ed so that the work can be fed from side to side under the recipro-
cating togl to produce a horizontal surface, or so that the tool,
instead, can be fed down on the work to produce a vertical surface.

Considerable work of a preparatory nature is required, however, be-
fore actual cutting is possible. This preliminary work consists of
arranging the Job, the machine, and the cutting tool, and is re-
ferred to as setting up the shaper.

More specifically, setting up includes proper placement of the Work
in the machine; it Includes adjustment of the various parts of the
machine, required to establish the proper relationship hetween the
work and the tool, and it also includes other adjustments necessary
for setting the length of stroke, the speed, and the feed to meet
Job specifications. Finally, it includes the selection and the
subsequent placement in the machine of the cutting tool which best
suits the type of cut to be made and the material in the Job. The
entire setup should be made with a view to having it as rigid as

the construction of the shaper and the nature of the job make possi-

ble. _

TOOLS AND EQUIPMENT
Crank or Hydraulic Shaper Flle Tissue Paper
Swivel Base Vise and Bolts Brush Wiping Cloth
Lead Mallet Chalk Surface Gage
Micrometer Parallels Steel Rod
Qutside Calliper Cardboard Steel Rule
Tools and Holders 0ll Can Try Square
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e HOW TO SHRAPE HORIZONTAL SURFACES

PROCEDURE

HOW T0 MOUNT THE WORK IN THE SHAPER VISE

1.

2.

Se

4,

S.

Mount the vise on the shaper, if it is not already in place, not-
ing, first, the type of base on the vise, and then selecting from
the several methods described on pages 119 to 121 the one wWhich
is appropriate for mounting a vise having this kind of base.

m The weight of the vise mekes it lmperatlive that
assistance be sought when placing it on the

shaper.

Swivel the vise on its base, if necessary, placing the index
1ine on the vise above the 90° graduation on its base s0 as to
set the jaws parallel with the stroke. For approximate settings,
follow the directions in How to Set the Shaper Vise with the Aid
of the Graduations on the Base on page 1l24; for accurate set-
ngs, tollow the directions given in How to Set the Vise Parallel
with the Direction of the Stroke with an Indicator on page loc.

Open ‘he vise jaws to receive the work,
preferably in a position with one of
the larger surfaces up when the work
is not-square in shape.

Brush chips and other foreign material
from the vise jaws and from the bottom
of the vise opening; wipe these sur-
faces with a clean cloth; and, finally,
remove any burrs which will interfere
with the subsequent seating of the work.

NOTE: One of the important factors contributing to accurate
machine work is cleanliness., To a machinist, cleanli-
ness means not only freedom from chips and dirt, but freedom
from burrs as well, Whenever a job is to be set in the machilne,
the work, the holding device, and the parallels tosc, if they
are used, should be absolutely clean. R ?%-wwm,,ﬂﬁ,

Measure the depth of the vise Jaws and
the thickness of the Job to ascertain
whether or not the layout line indicat-
ing the depth of cut will extend above
the vise about 1/8" when the Job rests
on the bottom of the vise opening.

Place two identical parallels of cor-
rect height under the job, if the work
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is too low in the vise, spacing the parallels »
as widely as possible.  (Refer to page 104,) _

NOTE: Two narrow parallels are usually pre-

ferred to a single one of greater
width, especially for supporting castings.
Inasmuch as a casting seldom has a straight
surface, the use of narrow parallels makes
it easier to determine whether or not the
work has been properly seated, for the nar-
row parallels contact the work near its out-
er edges only and thus avoid contact with
any high spots likely to be present in the
center of the castling.

7. Place cardboard alongslide the vise Jaws if
a casting is to be clamped. It will absorb
irregularities on the surface of the cast-
ing, and, in doing so, will protect the
faces of the Jaws. At the same time the
cardboard will tend to distribute the pres-
sure of the jaws evenly over the work.

8. Place the work on the parallels, approxi-
mately in the center of the vise; then
tighten the vise, exerting enough pressure
on the vise crank to hold the work securely .
during the subsequent cuts.

NOTE: When the vise is tightened, the work 1ifts slightly and, con-
sequently, does not rest on the parallels intended to support
it during the cut. The lifting of the work occurs concurrently with
that of the movable vise jaw, for when the vise is tightened, the
jaw advances until it grips the work; then, as additional pressure
is applied on the crank, the jaw, no longer able to advance 1in 1ts
original direction, 1lifts slightly and carries the work up with it.
Lost play between the vise Jaw and the body of the vise 1s respon-
sible for this action., It cannot be eliminated entirely where
parts must be free to move on one another.

9, Tap lightly on the work to seat it on the paral-
lels, using a lead mallet or block for such materi-
als a8 steel and cast iron, and a plastic or
leather hammer for softer materials such as alum-
inum, so that their surfaces will not become dented.

; NOTE: A light blow usually 1is sufficient to seat
— the work, for if too hard a blow is struck,
" the work tends to rebound from the parallels, The intensity of
the blow required, however, can best be determined by slightly mov-
ing a parallel under the work while at the same time delivering
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light blows with the mallet on the work. Then, if the paral-
lels are still loose, the intensity of the blow can be lncreas=-
ed to the point where the work will be forced down and the par-
allels can no longer be moved (Fig. 283).

10, Tug on the parallels to see whether or not they are tight under
the' job, if for any reason the vise reguires additional tight-
ening after the work once has been seated on the pareallels..

The work invariably lifts after each

tightening of the vise and, therefore, re-

-quires repetition of the seating procedure

to place it down on the parallels again.

v~ I 0il1 the shaper as directed
AT  in How to 0il the Shaper,
beginning on page 47,
HOW TO ADJUST THE CUTTING TOOL AND THE TOOL HEAD

1. Read the description of the horizontel cut beginning on page
1786,

2. Set the tool head at right angles to the ma-
chine table; that is, place opposite the in-
dex line on the ram whichever of the gradua-
tions on the swivel block, either zero or
90°, that will cause the head to be square
with the table. Refer to How to Adjust the
‘Tool Head on page 9l. .

3. Set the clapper box in a vertical position
for 1light or medium cuts, but for heavy cuts
swivel the upper end of the clapper box in a
direction similar to that in which the work
is to feed. Refer to the Positlon of the

Clapper Box on page 179.

4. Run the tool slide up on the head so that it
will not extend below the swivel block when

. the tool 1s set to the work later. (Refer
to page 178.)

5. Measure the opening in the tool post so that
either a forged tool or a tool holder of the
correct size may be selected.

6. Select a straight left-cut forged tool suit-
ably ground for taking a horizontal roughing
cut on the kind of material in the job; or,
if a straight tool holder is to be used in-
stead, insert a tool bit ground to a similar
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7.

HOW

shape. (Refer to pages 166 and 171.)

m Grip the tool bit in the holder
as short as practicable for the
cut being mede.

Securely clamp the tool or the tool holder,
whichever has been selected, in the tool post in
a vertical position, ordinarily allowling it to
extend no more than 1-1/2 inches beyond the tool
block; but, if the cut is to be heavy, clamp the
tool in a position pointing slightly in a direc-
tion away from the work., (Refer to page 180,
Fig. 261.)

TO _ADJUST THE SHAPER PRIOR TO TAKING THE CUT

1.

Adjust the cross rail on the column so that the
surface to be planed is approximately two inches
below the ram. Refer to How to Adjust the Cross
Rail on page 77.

ATIRILIY] Make certain that the bolts which

clamp the cross rail to the
column, as well as those which clamp the table
support, have been loosened before attempting to
ralse or lower the c¢ross rail. It is equally
important that these bolts be tightened again,
and in the order given on page 77, after the
rail has been relocated,

Measure the length of the surface which is to
be planed; add approximately one inch to this
dimension in order to provide for clearance of
the work by the cutting tool at both ends of
the stroke. (Refer to page 79.)

Adjust the ram stroke for a length equivalent
to that derived in step No. 2, For adjusting
the erank shaper, refer to How to Adjust the
Stroke on pages 79 and B0O; for the hydraulic
Shaper, refer to How to Adjust the Stroke and
the Position of the Ram on page 92.

4, AdjJust the position of the stroke so that the tool covers
the entire surface which is to be planed. When using a

crank shaper,

refer to How to Adjust the Position of the Ram

on page 81; when using a hydraulic shaper, use the reference

given in step

No. 3.
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5. Consult the table, Allowable Cutting Speeds —— Feet Per Minute
on page 308, From this table, determine the cutting speed in
feet per minute which is to be used. Base the decision on the
kind of material to be planed, and on the type of cut, whether

Toughing or finishing, which 1s to be made with a High-Speed
Steel cutting tool.

NOTE: Most cone-driven shapers are unprovided with charts such

as appear on the direct-driven shapers. For this reason,
step No. 5 may be omitted when a cone-driven shaper 1s used,
inasmuch as the cutting speed in feet per minute cannot be de-
termined when the number of ram strokes per minute is unknown.
(Refer instead to pages 83 and 84.)

6. Determine the number of strokes per minute which will result
In a cutting speed in feet per mlnute approximately the same
as that decided upon in step No. 5.

7. Read page 82; then select from the procedures given for set-
ting the speed on varlous types of shapers, the one which is
appropriate for the shaper being used, and adjust the shaper
for the number of strokes per minute decided upon in step No.

.6, TFor settlng the speed on a crank shaper, refer to How to
~Adjust the Speed of the Ram on page 82; for setting the speed
on a hydraulic shaper, refer to How to Adjust the Speed of the
Ram on a Hydraulic Shaper on page 94.

m Do not attempt to shift gears while the shaper
is in operatilon.

8. Adjust a rate of feed commensurate with the depth of cut to
be made and the surface finish desired. For the crank shaper,
refer to How to Adjust the Automatic Feed on pages 90 and 91;
for the hydraulic shaper, refer to How to Adjus?t the Cross
Feed on e Hydraulic Shaper on page 95.

NOTE: The depth of the cut and the resistance of the material

belng cut vary to such an extent in different jobs that
it is impossible to recommend a rate of feed which will func-
tlon equally well under all conditions. It is best, therefore,
to begin the cut with a light feed, for example, .010" per
stroke, and increase the rate when it becomes apparent this
can be done to advantage. (Refer to page 304.)

HOW TO TAKE THE ROUGHING CUT

1, Consult the blueprint or the job lay-
out and ascertain therefrom the fin-
ished size of the job in order to
determine how much material is to be
removed in the shaper.
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2. Plan to remove approxlimately half the excess ma-
terlal from the top surface and the other half
from the opposite slde when both these surfaces

are to be planed, Refer to The Roughing Cut on
page 18l.

3. Bevel the edges of the casting at the ends of
the cut to prevent breakage of the corner helow
the finished surface. (Refer to page 182,)

4, Make certain that the toocl 1s higher than the
surf® e of the work and that the ram too will
¢leur any projections which may extend from 1ir-
regularly shaped work. (Refer to page 178.)

5. By means of the cross~feed screw, move the work
together with the table, bringing it in line
with the cutting tool.

6. Place the ram so that the toocl comes to some
polnt over the surface to be planed, preferably
over the low point on the surface. (Refer to
page 206.)

7. Move the tool down (with the ram stationary) by
turning the down-feed screw in a clockwise direc-
tion until the tocol just barely touches the work;
then adjust the micrometer collar, placing the
zero opposite the index mark., (Refer to page 91.)

8. To prevent interference with the work, 1ift the
tool together with the tool block on the hinge
pin; then move the work to the left of the tool,
inasmuch as a left-cut tool has already been
placed in the tool post.

9, With the aid of the graduations on the microme-
ter dial, set the tool to the desired depth for
the first roughing cut; then lock the tool slide
in place, Remove at least 1/16" of metal in or-
der to get under the scale on the casting, pro-
vided this amount of metal can be removed with-
out cutting the work undersize.

Q) HAVE ENTIRE SET-UP CHECKED BY YOUR INSTRUCTOR ()

10, Start the shaper (Refer to pages 57 and 58.);
then feed the work to the tool by hand until the
cut is just started and its depﬁﬁ 1s apparent,
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CQU'HQN Keep the face and the eyes a safe

11,

12.

13,

HOW TO TAKE THE FINISHING CUT

distance from the work, or better
still, wear goggles as a protection from flying
chips.

Stop the shaper and check the correctness of the
tool setting. If further adjustment in the
depth of the cut is necessary, make it only after
the work has been moved from under the tool.

Start the shaper again; then engage the auto-

matic feed and complete the cut,
Disengage the feed. Bring the table back to KEEP FINGERS AWAY
the position for starting the cut — with the FROM CUTTING 700¢,
work to the left of the tool ... and take ad- WORK AND VIS E
ditional roughing cuts if needed, allowing be- WHEN SHAPER 15 IN

tween ,010" and ,015" for the finishing cut, ORERATION

1.

2o

6.

Stop the shaper and replace the roughing tool
with a finishing tool suitably ground for cut-
ting the kind of material in the job. Refer to
pege 166 for the selection of the tool and to
page 182 for a description of the fimishing cut.

Bevel the edges of castings with a file to pre-
vent the keen cutting edge of the finishing tool
from coming in contact with sand and scale.

Place the work and the ram so that the tool 1s
again over the machined surface in order that

the cutting edge of the finishing tool may be

set parallel with the surface of the work.

With the tool clamped lightly in the tool post
and its lower end close to the work, tap the
tool until the cutting edge is exactly parallel
with the surface to be finished; then tighten
the tool-post screw securely.

As an aid in setting the finishing tool to the
work preparatory to adjusting it for a cut of
the desired thickness, place a plece of paper
or the blade of a thickness gage on the work
and carefully lower the tool until it barely
touches the feeler.

Set the graduated collar on the down-feed screw
at zero; move the work to the left of the tool,
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7.

10.

and then lower the tool the number of thousandths necessary to
take a cut of the desired thickness, teking into consideration
also the thickness of the feeler used for setting the tool to
the work.

m When extreme accuracy and a good finish are

required, plan to remove the metal allowed for
finishing in two cuts or more instead of one, the first cut
serving as a trial cut only.

Reduce the speed somewhat whenever a finishing tool having a
wide cutting edge is used. For round-nosed tools, however,
use the speeds recommended in the table - Allowable Cutting
Speeds — Feet Per Minute on page 308.

- Start the shaper and note whether or not the stroke still

covers the entire length of the work. Repeat step No, 4 on
page 194 if the position of the stroke is incorrect. A change
in position is quite likely to occur when the roughing tocl has
been replaced with a spring-type finishing tool (Fig. 269).

Increase the rate of feed so that the tool will move over ap-
proximately one-half the width of the flat cutting edge for
cast iron; but for steel, use a fairly fine feed per stroke.

Engage the automatic feed and take the finishing cut with the
tool slide locked in place. (Refer to page 10O.

11, Stop the shaper with the ram in its
rear position, brush the chips from
the work, test the planed surface
with a straight edge, and, finally,
take measurements to ascertain
whether or not the work has been ac-
curately machined. '

12. Bring the table back to the position
for starting the cut and make further
adjustments of the tool with the aid
of the micrometer dial, if the work
is still oversize, :

13, VWhen planing short work, place a
chalk mark on the vise at each end
of the work to assure its being

placed in the vise in the seme position

for subsequent cuts and thus avoid chang-
ing the position of the ram stroke each
time the job is removed from the vise,

Remove the job from the vise,and file from
its edges the burrs produced by the tool,
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15.

HOW

being careful not to mar the finished surface,

Brush all chips from the machine when the job
is finished, and return the parallels and
other accessories to their proper places in a
clean condition,

NOTE: If other surfaces are to be machined,
defer step No. 15 until all work has
been completed. :

TO PLANE THE REMAINING SIDES OF A SQUARE OR RECTANGULAR JOB

How

NOTE: When several surfaces on a job are to be planed, in-

stead of only one, it is considered good practice to
rough out all these surfaces before finishing any one of them,
in order to relieve internal strains which are likely to be
present, especially in castings. For this job, however, the
finishing cut will be made irmediately after the roughing cut
on each side has been completed.

TO CLAMP THE WORK AND TAKE THE CUT ON THE SECOND SIDE

1.

Clean out the vise and make certain that.the finished surface
Set the work in the vise with the side
Just finished against the fixed jJaw,

on the work is absolutely clean also,
and on parallels, if they are needed, M::"
-

so that the surface to be planed will // ,fZV
be slightly above the vise jaws. Re- . %%%

fer to step No. 5 on page 191,

Place a round plece of steel horizon-
tally between the movable vise jaw
and the work as shown in Fig. 284;
then draw the vise up tightly.

NOTE: This steel rod, which should
be placed about halfway up on
the vise Jaw, makes only a line con-
tact with the work and the vise and
thus causes the finished surface of
the work to be brought squarely
against the fixed Jaw of the vise, which is
assumed to be square with the table.

When the rod is not used and the vise is
tightened on the unmachined surface of
the work instead (Fig. 285), the finish-
ed side of the work is quite likely to
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change its relationship with the fixed
Jaw as shown at A. As a result of this
condition, the sIde and the top surfaces
will not be cut square with each other.

4, Tap the work 1llghtly with a lead mallet
to seat 1t on the bottom of the vise
opening or on the parallels, whichever
means 1s used for supporting the work.
Refer to the note following step No. 8
on page 192.

5. Remove the finishing tool and replace it
with the roughing tool used for shaping the first surface.
Refer to steps Nos. 6 and 7 on pages 193 and 194.

6. Make certain that the position of the ram stiroke is such that
the tool will cover the entire surface of the work, for un-
less the work has been placed in the vise in the same length-
wise position as before, an adjustment will be necessary.
Refer to step No. 13 on page 198.

7. Reduce the rate of feed to that used for the first roughing
cut., Refer to step No. 8 on page 195,

8. Proceed to take the roughlng cut as directed in How to Take
the Roughing Cut beginning on page 195.

9. Take the finishing cut as directed in How to Take the Finish-
ing Cut beginning on page 197.

10. Use a fine file to remove from the cornmers of the work the
burrs produced by the cutting tool; then wipe the two ma-
chined surfaces clean.

1l. Determine whether or not the finished surfaces

: are at right angles to each other by placing
the beam of a try square against the surface
Just finished and the blade of the square across
the other finished surface (Fig. 286).

NOTE: If all light 1s excluded from under the
square when its beam is held firmly
against the surface just finished and its blade
has been brought carefully to the other finlished
surface, then these two sides of the work are at
right angles to each other. The remaining sides
of the work can then be machined also with the
assurance that they too will be square with each
other, provided the necessary precautions are ob-
served when the work is clamped in the vise.
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However, if 1light is visible under the blade, the work is not
square, and this condition should be corrected at this time
by using one of the methods suggested on page 203,

12. Remove the work from the vise and prepare to plane the third
side of the work.

HOW TQ CLAMP THE WORK AND TAKE A CUT ON THE THIRD SIDE

l, Méke certain that the vise opening and both finished surfaces
on the work are absolutely clean and free from burrs.

2. Place the work in the vise with the surface that has Just been
finished resting on the bottom of the vise opening — or on
parallels if needed -— and the first side planed resting
against the fixed jaw as before (Fig. 287).

3. Place the rod between the movable

: jaw and the work as for the pre-
vious cut; tighten the vise, and,
finally, seat the work in the
manner used heretofore.

NOTE: In order that it may be
known with a certainty that
work which does not require the
use of parallels has been properly
seated in the vise, a plece of
tissue paper should be placed un-
der each end of the work and al-
lowed to extend so that it can be
grasped with the fingers. Obvi-
ously, the work has been properly
seated when the paper is tight and cannot be
withdrawn from under -the work.

4, Take the roughing cut as directed in steps
Nos. 3 to 12 on pages 196 and 197.

5., Remove the burrs from the corners of the
work, clean the machined surface, and then
check the work with a square (Fig. 286).

FIG.208

6. Take a measurement with a micrometer at both
ends of the work to determine whether or not the
side just finished is parallel with the side opposite (the
underside) and to see also how many thousandths must be re-
moved to cut the work to size with the finishing tool (Fig., 288).

7. Take the finishing cut as directed in How to Take the Finish-
ing Cut on page 197. '
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HOW TO CLAMP THE WORK AND TAKE THE CUT ON THE FOURTH SIDE

1. Make certain that the vise opening is absolutely clean and
that the three sides of the work which already have been ma-
chined are clean also, and without burrs.

2., Place the work in the vise with the
first side machined down on strips
of tissue paper placed in the vise
under both ends of the work, or, if
the work is supported on parallels,
plac- a strip of tissue paper under
each corner of the work (Fig. 289).

3. Tighten the vise, leaving out the
rod which was used before; then tap
the work with a lead mallet accord-
ing to lnstructions given previously.

4, Pull lightly on the paper strips to
ascertain whether or not the work
has been seated properly.

5. Teke the roughing cut as directed
in steps Nos. 3 to 12 on pages 196 and 197.

6., Teake the finishing cut as directed in How to
Take the Finishing Cut on page 197.

7. Give the machine a thorough cleaning, and
return all parallels and other accessories
to their proper places in a clean condition.

HOW 30 SQUARE THE ENDS

The ends of short pieces may be planed square with thelr sides by
following the directions below for clamping the work and then
teking a horizontal cut.

The ends of longer pleces are planed to best advantage, however,
by means of a vertical cut. The procedure for this kind of cut has
been explained in How to Plane Vertically, beginning on page 210.

1. sSwivel the vise on its base so that the jaws are at right angles
to the stroke. Refer to pages 124 and 133 respectively for the
approximate and the accurate methods of setting the vise.

2. Make syre that the work and the vise are clean and free from
burrs.

3. Place the work in the approximate center of the vise with o2ue
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end on the bottom or on parallels
(Fig. 290).

4, Hold a try square down firmly
against the bottom of the vise;
then set the side of the work par-
allel with the blade of the square
and tighten the vise lightly.

5, Check the setting of the work with
the square, tapping the work on
one side or the other, if necees-
sary, to make further adjustments.

6. Tighten the work securely in the
vise when it is square.

7. TFollow the directions for taking a hor-
izontal cut, beginning on page 193.

8; Use a square to check whether or not the
end has been planed square with the sides.

9. To square the opposite end, place the work
in the vise with the finished end dowm, tap
the work to seat it properly, and then cut
the plece to length as directed in step No. 7.

HOW TO CORRECT INACCURACIES BETWEEN ADJACENT
SURFACES INTENDED TO BE AT RIGHT ANGLES

Even though the foregoing directions for clamping the work and plan-
ing its sides have been followed conscientiously, subsequent test-
ing with a try square may reveal that these sides do not form per-
fect right angles. ‘

This inaccuracy, evident by light visible under the blade of the
square, may be the result of carelessness at the time the work was
placed in the vise. On the other hand, it may reflect lnaccura-
cies caused by wear on the vise jaw or wear in the machine. But,
regardless of the cause of the inaccuracy, steps &, b, and ¢,
which follow, should be taken first when attempting to correct
this undesirable condition so as to eliminate errors resulting
from carelessness before attempting to eliminate errors resulting
from one of the other causes.

The logical time to make this correction is immediately after a
true cut has been taken from the second side of the work and a
test with a ‘try square makes it obvious that the surface just
planed is not square with the first surface which now rests
against the fixed jaw of the vise (Fig. 292).
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WORK OFF PARALLEL,

a. Thoroughly inspect the work, the vise, and the parallels too,
iIf they are used, and remove foreign material and burrs which
may have been overlooked before and may have prevented the
proper seating of the work in the vise.

b, Place the work 1ln the vise agaln, observing carefully all the
precautions regarding cleanliness and proper clamping and
seating. Then take a light cut.

¢. Remove the burrs produced by the tool, clean the surfaces of
the work, and, finally, check their squareness with a try
square, placing its beam on the surface gust finished and the
blade across the adjacent side (Fig. 292).

NOTE: If the adj}acent side is still not square with the up-

per surface, proceed to correct this condition in the

manner explained in How to Test the Fixed Jaw for Squareness

with the Aid of an Indicator on page 122, or correct it by

Using paper shims between the work and the vise jaw instead,

as directed below.

l. After the work has been placed in the vise as directed in
steps Nos. 2 to 4, page 199, following the planing of the
first side, and . a true cut has been taken from the second side
(Fig. 291), test the work with a try square (Fig. 292).

2. Measure the openlng between the blade of the square and the
side of the work with a paper feeler or with the blade of a-
thickness gage 1n order to determine the approximate thick-
ness of the shim required to correct:the lnaccurate condi-
tion in the work.

3. If the angle formed by the two sides is greater than 90° and

the opening occurs at the top as in Fig. 292, place along
the bottom of the work a paper shim similar in thickmess to
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that of the feeler used for measuring the opening between the
square and the work, The shim will cause the work to tilt
slightly in the vise, raising its right-hand edge, and, as a
result, the subsequent cut wlll remove slightly more material
at R (Fig. 293) than at the other side of this surface,

On the other hand, if the angle formed is less than 90° and
the opening between the square and the work occurs at the bot-
tom (Fig. 294), place the paper shim along the top (Fig. 295).
Placing the shim in this place will also tilt the work slight-
ly, but in a direction opposite to that in Flg. 293, with the
result that the tool will now remove slightly more material

at L (Fig. 295) than at the other end of this surface.

If the adjacent sides are not at right angles after inserting
the shim and removing a trilal cut, replace the shim with one
which 1s proportionately thicker, providing the opening still
occurs in the same place as before taking the trial cut, for
this indicates that the work has not been tilted sufficiently.
A thinner shim, of course, should be used when the opening
along the square occurs at the end opposite that at which it
occurred before the shim was inserted and a trial cut taken.

NOTE: When a shim has been placed alongside the work in the

vise, 1t wlll be impossible to seat the work so that
both parallels are tight under the Jjob, for with the insertion
of the shim, even though it is very thin, the work becomes
tilted somewhat, with the result that the bottom of the work
i1s now no longer parallel with the bottom of the vise open-
ing (Fig. 295). Work on which the bottom side is not at
right angles with the slde placed against the fixed Jaw of
the vise (Fig. 296) also 1is 1lncapable of being seated on
both parallels, In thls lnstance, however, it is the condi-
tion of the work, and not a condition created by the inser-
tion of a shim, which causes one edge of the bottom surface
to be higher than the other edge.

Page 205




Machine Shop Practice
Fundamental Process Series

UNIT 1-P53(A)
SHAPER WORK

Beginner's Course

HOW TO USE THE SURFACE GAGE ON SHAPER WORK

Even a flat casting is seldom of uniform thickness from end to end
or from corner to corner, and, besides, it is frequently warped out

of shape.

Therefore, when a casting has been placed on parallels

or on the bottom of the vise, its underside may be approximately

level, but some

One use for the
ing so that the
that if the cut
the rest of the

point on its upper surface may be lower than others.

surface gage is to find this low point on the cast-
cut may be set from this point. The assumption is

is deep enough to remove the scale from thils placs,
surface also will be "cleaned up.™ .

Another setup for which the surface gage 1is frequently used on the
sheper is one that requires the upper surface on a casting, in-
stead of the lower one, to be level so that this surface can be
planed by taking the smallest cut possible.

In addition, the surface gage is used for scribing lines parallel
with the machine table to show the location of finlshed surfaces,

and for setting

up work according to a layout on the job.

HOW TO FIND THE LOW CORNER ON A CASTING HELD IN

MAC VISE

1.

2.

Se

Wipe the upper surface of the movable jaw, or
the top of the table, whichever is to be used,
with a clean cloth; then rub the palm of the
hand over that portion of the surface on which
the surface gage is to be used.

Rub chalk on the cormers of the work so that
the slightest touch of the scriber will become
apparent immediately.

Wipe the base of the surface gage clean, then
draw it across the palm of the hand to remove
any small particles of dirt which may not have
been removed with the cloth.

4,

Place the gage on the
surface which has been
prepared; then adjust
the spindle and the
seriber (Fig. 297} so
that the four corners
of the work can be
reached with the bent
end of the sceriber,

\?\‘

L
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S.

Move the gage so that the
scriber passes over one coOr-
ner of the work, and, at the
same time, turn the adjust-
ing screw (Fig. 298), there-
by bringing the scriber to
the work gradually. Obvi-
ously, the scriber touches
the work when it leaves a
light line on the chalked
corner, but it is also pos-
sible to "feel™ when the FIG.298
scriber touches.

In order to compare the
height of the other cor-
ners with the one to which
the sceriber has been ad-
Justed, do not 1ift the
surface gage, but slide it
on its base instead. 1In
this way the scriber is
brought to the work from the
side, and its setting will
not be changed if a higher
corner is encountered, as

. might be the case when the

HOW

surface gage is lifted and
the scriber is brought to a
higher corner from above.

Observe which of the corners
is the lowest so that the tool
may be adjusted to this place
for taking the cut. '

TO0 LEVEL THE SURFACE ON A CASTING HELD IN THE VISE

Place the work in the vise with its upper surface as nearly
level as possible; then tighten the vise temporarily, apply-
ing only enough pressure on the work to hold it in place
while its surface is being leveled more
accurately.

Repeat steps Nos. 1 through 5 above.

Bring the scriber to each corner of the work
successively and note which one is the highest,

Tap the high cornmer down to the approximate
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8.

level of the others with a lead mallet; then check all the
corners again.

Continue to tap the high corner down after each checking made
with the gage uatil the four corners are as nearly the same
height as the condition of the casting will permit.

When all four corners of the casting cannot be set level be-
cause of its warped condition, set those level which are di-
agonally opposite each other. In this way a balance will

be attained between the high &and the low corners, and the
casting can then be machined to best advantage.

Tighten the vise sufficiently to hold the work during the cut.
Recheck the work, however, after tightening it to make certalin
that its position in the vise has not changed.

If the work is likely to move down in the vise as a result of
the cutting pressure, place shims under
the parts of the job that do not rest
on parallels or on the vise. (Refer to
page 114 and Fig. 299.)

NOTE: When it is necessary to level a

finished surface accurately,
instead of levellng a rough surface ap-
proximately, a dial indicator can be
used on the surface gage in place of a
seriber. (Refer to Fig. 300.)

ric.2e9 HOW TO SCRIBE LAYOUT LINES ON WORK HELD
TN THE VISE

1. Rub chalk on the ends and on the sides
of the work.

2. Repeat steps Nos, 1 and 3 on page 206,

%. Hold a scale in a vertical position with
one end on a parallel which supports the
work, or on the bottom of the vise if
the work has been set thereon (Fig. 301).

4., Set the point of the scriber to the di-
mension on the scale which colinecides
with the thickness of the finished
work,

5. Scribe a line on the side of the cast-
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ing from which the cut is to be started,
drawing the base of the surface gage
over the top of the vise jaw, and, at
the same time, keeping the scriber in
con?act with the side of the work (Fig.
302) .

If a line must be scribed on another
face of the work which is inaccessi-
ble to the surface gage in its pres-
ent adjustmelt and location, transfer
the gage to another true surface and
readjust the scriber point to the
first line scribed.

TO SET UP WORK ACCORDING TO A LAYOQUT

1.

2.

S.

Clamp the work in the vise temporarily
with the laycut line which indicates **
the finished surface as nearly level
as it is possible to set it by eye
(Fig. 303).

Follow the instructions given in steps
Nos. 1 and 3 on page 206,

Place the surface gage on the surface
which has been prepared for its use;
then adjust the point of the scriber
to ?ne end of the layout line (Fig.
304).

Slide the surface gage to the opposite
end of the layout line and note any
variation between the height of the
line and the scriber. ‘

Tap this end of the work up or down,
as required, to bring the layout line
sevel with the scriber point.

Continue to check and adjust the work

in the same way until there is no ap-

parent deviation in the height of the
line from end to end.

Tighten the work securely in the vise,
and, as a precaution, check it again
after tightening it in order to detect
any shifting of the work which may
have occurred.
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HOW TO SHAPE VERTICAL SURFACES e
PROCEDURE

HOW TO MOUNT THE WORK IN THE VISE FOR A VERTICAL CUT

1. Bolt the vise to the table, if it is not already mounted on
the machine, selecting from the several methods given in How
to Mount the Shaper Vise on page 119, the one which is &ap-
propriate for mounting a vise having this kind of base.

2, Swivel the vise on its base, if.necessary, so that the jaws
are at right angles to the stroke or, as expressed in another
way, so that the jaws are parallel with the face of the column,

3. Place the index line on the vise over the zero on the base as
directed in How to Set the Jaws at 90° to the Stroke on page
124, and when a more accurate setting is desired, follow the
directions given in How to Set the Vise at 90° to the Direc-
tion of the Stroke With an Indicator on page 133.

4, Place the work in the vise —
on parallels if it must be
ralsed — so that the end which
is to be squared extends approx-
imately one-half inch beyond the
right side of the vise. At the
same time, place a strip of pa-
per under each end of the work
if it rests on the vise or un-
der each corner of the work if
it rests on parallels.

/é;

.

5. Tap the work down in the vise with a lead mallet, pulling
lightly on the paper strips underneath to ascertain whether
or not it has been properly seated, for in order to have the
ends planed square with its sides, the work must be placed
parallel with the table as well &s at right angles to the
stroke of the ram. (Refer to page 184.)

6. Bevel the edges of the work at the end of the cut, almost
to the depth of the cut. (Refer to page 196.)

HOW TO MOUNT THE WORK ON THE TABLE FOR A VERTICAL CUT

1. Remove the vise from the table as directed in How to Dis-~
mount the Shaper Vise on pages 122 and 123.

m Its weight and its size make help imperative
for 1lifting the vise from the machine table.
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2.

10,

Thoroughly clean the table; then remove any burrs or high
spots from its upper surface with a smooth file.

Clean the surfaces of the work, and, at the same time, inspect
these surfaces for burrs which must be removed before placing
the job on the machine table.

Place a single thickness of paper on the
shaper table for the purpose of increas-
ing the amount of friction between the
work and the table and reducing the like-
lihood of the job shifting during the

cut (Fig. 3095).

Place the work on the table with one of
its sides as nearly parallel with the
face of the column as it is possible to
set it by eye. At the same time, allow
one end to extend about one-half inch
beyond the right side of the table.

Clamp the work to the table lightly, using straps and the
shortest bolts possible which will still provide a full thread
for the nut. If gooseneck clamps (page 107, Fig. 107) are
available, use these, for their construction precludes the
possibility of the bolt and the nut extending any further above
the work than the clamp itself. This feature — that of having
the top of the bolt no higher than the strap —— is important,
especially during the vertical cuts, inasmuch as any extension
of the bolt above the work adds to the distance the tool slide
must be extended from the head during the cut.

To maeke certain that there are no burrs on the side of the ta-
ble which is to be used for squaring the work, rub a smooth
file over this surface and wipe it with a cloth to remove the
filings, for the surface against which

the square is placed must be clean.

Place the head of a combination square

against the side of the table just cleaned,
and extend its blade so that it comes along-p
side of the work (Figs. 305 and 306).

Press the head of the square firmly against
the side of the table and carefully slide
it toward the work, noting which end of the
blade comes in contact with the work.

Tap the end of the work which does not
touch the blade toward the square until the
opening between the work and the square disappears and the
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work is parallel with the blade, an indication that the work
is now at right angles to the ram.

11. To check the alignment of the work more closely and positive-
1y with the square, place a piece of tissue paper between the
work and each end of the blade. Then, if necessary, tap the
work as before, until the same amount of "drag" is felt on
both pieces of paper when they are withdrawn from between the
blade of the square and the work (Fig. 306).

12, To align the work very accurately,
use a dial indicator instead of a
square. Clamp it in the tool post
(page 134, Fig. 163) with its con-
tact point against the front face
of the work. Then move the work
crosswise by means of the cross-
feed screw to determine the amount
of misalignment, and subsequently
adjust the work in the same manner
as before, until the indicator
hand remains stationary during
movement of the work from side to
side (Fig. 307).

13. Tighten the work securely, and,

as a precaution, check its align-
ment again to ascertain whether
or not its position changed when
the bolts were drawn down tightly.

Place a suitable stop in front of
the work at the right and another
in the rear of the work at the
left (Fig. 308) as an additional
precaution against shifting of the.
work during the cut. Refer to How
to Use Stops on page 139.

N
screws are selected,
be careful not to force the screws

&\\\\\\\\\\\\\\\ \ against the job so hard that the

FIG.308 work is again misaligned.
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15. Bevel the edge at the front of the work with a file, almost
to the depth of the cut.

. ~i 0il the shaper as directed in How to 0il the
% OlL N Shaper, beginning on page 47.
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HOW TO ADJUST THE CUTTING TOOL AND THE TOOL HEAD

1. Read the description of the vertical cut be-
ginning on page 184,

2. Set the tool head at right angles to the machine
table by placing opposite the index line on the
ram whichever of the graduations —— zero or 90°
— will cause the head to be placed square with
the table., Then tighten the clamping bolts just
enough to hold the head in this position. Refer
to How to Adjust the Tool Head on page 91.

3., Check the accuracy of this setting with a square.
Hold the head of the square down firmly against
the finished surface (on the table or on the
vise); then carefully slide the square to the
side of the tool slide and note whether or not
it is parallel with the blade of the square.

4, Tap the head in one direction or the other with
the palm of the hand or with a soft hammer, if
an opening is visible between the square and
either end of the tool slide, for this condi-
tion is an indication that the head is not
square with the table (Fig. 309).

5. Tighten the clamping bolts on the head secure-
ly when the head is square.

6. Loosen the binder bolt on the clapper box and
swivel its upper end to the right to the limit
of the slot; then tighten the bolt again. Refer N
to Functioning of the Clapper Box on page 186. N

7. Note the height of the vertical surface which \ \ \\\i\\\\\\k\ﬁ\\\\\\\

is to be planed. Run the tool slide up far
enough at the start of the cut- so that when the
cut has been completed and the tool has reached
the lower end of the vertical surface (Fig.
310), the slide will not extend much below the
swivel block, :

8. Measure the opening in the tool post so that
either a forged tool or a tool holder of the
correct size may be selected.

9. Determine whether a straight or an offset tool
holder can be used to better advantage on this
cut., Then select a tool bit that has been
ground especially for taking a vertical cut on
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the right-hand end of the Jjob and for cutting the kind of ma-
terial in the work. If a forged tool is selected instead of
a tool holder and a tool bit, its selection too should be
based on the type of cut (vertical) which is to be made. Re-
fer to page 166 for the selection of the cutting tool.

10. Clamp the tool holder in the tool post in such a position
that the vertical cut can be made without interference be-
tween the holder and the job. -Furthermore, extend the tool
holder beyond the tool block the shortest distance possible
for making the cut. In no instance, however, should this
distance be less than the height of the vertical cut, if rub-
bing of the tool slide on the work is to be avoided (Fig. 310).

HOW TO ADJUST THE SHAPER PRIOR TO TAKING A VERTICAL CUT

1. Adjust the position of the cross rail on the column up or
down so that a space of approximately one inch is apparent
between the ram and the top of the work, or between the ram
and the straps and bolts, whichever is higher. Refer to
How to Adjust the Cross Rail on page 77. ‘

m Before raising or lowering the table, loosen
the bolts for clamping the cross rail and

those for clamping the table support, but tighten them again
immediately after the rail has been moved to its new posi-
tion on the column.

2. Measure the length of the surface which is to be planed; add
approximately one inch to this dimension in order to provide
for clearance of the work by the cutting tool at both ends
of the stroke. (Refer to page 79.)

3. Adjust the ram stroke for a length equivalent to that derived
in step No. 2. For adjusting the crank shaper, refer to How
to Adjust the Stroke on pages 79 and 80;
r the hydraulic shaper, refer to How
o Adjust the Stroke and the Posi-
tion of the Ram on page 92.

4, Adjust the position of the
stroke so that the tool covers
the entire surface which is to
be planed. When using a crank
shaper, refer to How to Adjust
the Position of the Ram on

page 81; when using a hydraulic
shaper, use the reference given
in step No. 3.

.. Consult the table, Allowable Cutting

FIG.311
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Speeds — Feet Per Minute on page 308. From this table, deter-

mine the cutting speed in feet per minute which is to be used.
Base the decision on the kind of material to be planed, and on
the type of cut, whether roughing or finishing, which is to be
made with a High-Speed Steel cutting tool.

NOTE: Most cone-driven shapers are unprovided with charts

such as appear on the direct-driven shapers. For this
reason step No. 5 may be omitted when a cone-driven shaper is
used, inasmuch as the cutting speed in feet per minute cannot
be determined when the number of ram strokes per minute is
unknown. (Refer instead to pages 83 and 84.)

Determine the number of strokes per minute which will result
in a cutting speed in feet per minute approximately the same
as that decided upon in step No. 5. (Refer to page 295.)

Read page 82; then select from the procedures given for set-
ting the speed on various types of shapers, the one which is
appropriate for the shaper being used, and adjust the shaper
for the number of strokes per minute decided upon in step No.
6. For setting the speed on a crank shaper, refer to How to
Adjust the Speed of the Ram on pages 83 to 835; for setting
the speed on a hydraulic shaper, refer to How to Adjust the
Speed of the Ram on a Hydraulic Shaper on page 94,

m Do not attempt to shift gears while the
shaper is in operation.

To determine whether or not the cut can be made without any

part of the ram striking the work, feed the tool down for

the length of the cut with the ram stationary; then carefully
move the ram through one complete stroke by hand.

TO TAKE THE ROUGHING CUT (VERTICAL)

1.

Consult the blueprint or the job layout for
the purpose of determining how much material
is to be removed by the tool.

When both ends must be squared and the job
must be planed to a definite length at the
same time, plan to remove approximately one
half the excess material from each end.
Refer to The Roughing Cut on page 18l.

Bevel the vertical edges at the ends of the
cut to prevent breakage of the corner below
the finished surfsace.

To set the tool for a cut of the desired thick-
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ness, move the work to the left of the tool; then,
by means of the down-feed screw, move the tool
down ‘about 1/4" from the top of the vertical sur-
face.

Now, by means of the cross-feed screw, move the
work toward the tool carefully until they just
barely touch; then set the micrometer dial on
the cross-feed screw to zero,

Raise the tool so that it Just clears the top of
the job; then move the work to the tool for the de-
sired cut, measuring its thickness by means of the
graduations on the dial on the cross-feed screw.
NOTE: During the vertical cut, the tool is fre-
quently extended somewhat farther from the
tool post than usual so that the cut can be made
to the bottom of the work without interference
between the tool slide and the job. For this
reason both the rate of feed and the width of the
cut should be somewhat less than they are for
horizontal planing.

HAVE ENTIRE SET-UP CAHEC/ED BY YOUR INSTRUCTOR

01l the shaper as directed in
How to 0il the Shaper, beginning
on page 47.

Start the shaper; then feed the tool down care-
fully by hand until the cut has been started
just far enough to make its width apparent.

m Keep the face and the eyes a safe

distance from the work, or, bet-
ter still, wear goggles as a protection from
flying chips.

Stop the shaper for the purpose of measuring
the work and making certain that the work in
its present position will not be cut undersize
because too heavy a cut is removed.

Start the shaper again; then feed the tool down
about ,010" at the end of each return stroke of
the tool, continuing the feeding until the en-
tire surface has been planed.

Inasmuch as both the size of the cut and
the quality of the finish desired may vary
considerably, it is impossible to specify a rate

NOTE:
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10.

11.

12,

13.

of feed suitable for every combination of these factors. The
recommended procedure, therefore, is to feed the tool to the
work slowly at first, and then to increase the rate when the
action of the tool makes it apparent this can be done with
safety.

m Keep the fingers and hands away from the cut-
ting tool while the shaper is in operation.
It is extremely dangerous to place the hands directly behind

‘the vise, or the work, at any time while the shaper is in

operation.

When the cut has been completed, stop the ram in
its rearmost position and raise the tool to the
position for starting the cut, that is, to the
top of the work.

File the burrs from the edges of the work prepar-
atory to testing it with a square; then wipe the
upper surface and the end in order to remove the
filings and any other foreign material which may
be present.

Test the work with a try square as shown in Fig.
312 to see if the end has been planed square (at
right angles) to the upper surface.

NOTE: When the surface of the work is unusually
rough and irregular before it is machined,
this condition is very likely to be reflected to
some extent on the finished surface as a result
of spring in the tool. A second, light cut,
made for the purpose of removing these irregu-
larities, is advisable for correcting this con-
dition., Then a true surface which indicates the
actual position of the head in relation to the
upper surface of the work will be available for
testing with the square., ‘

When testing the work with a square, press its

beam down firmly against the upper surface of

the work and carefully move the blade toward

the end just planed. Then note whether or not

the vertical surface is parallel with the blade. F1G.312

NOTE: If the work and the tool head have been set up as direct-
ed, the end should be square with the top of the work
when the cut has been completed. If this 1s the case, the blade
of the square will touch the end from top to bottom and neither
an opening nor light will be visible between the work and the
blade of the square. Obviously then, the work is not square
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when light is visible between the square and the end of the work.
To correct this condition, the tool head must be swiveled slight-
ly in one direction or the other depending upon whether the
light is visible at the upper or the lower end of the blade.

14. When the position of the tool head is to be
changed only a small amount for correcting a-
slight inaccuracy in the cut, partially loos-
en the binder bolts holding the swivel block
to the ram, and swivel the head in the direc-
tion desired by tapping it lightly with a
block of wood or lead: to the left when the
opening occurs at the lower end of the square
and to the right when the opening occurs at
the upper end (Fig. 313). The number of ad-
Justments required to make the work square
will depend upon the operator's ability to
estimate the amount of swiveling needed on
the head to produce the desired correction
in the cut.

15.. Reset the work to the tool after each ad-
justment of the head inasmuch as their re-
lationship changes each time the head is

swiveled. Then take another light cut and check the result
with a square as before,

m When taking several trial cuts to square the

work, be careful not to cut the work undersize,

-

HOW TO TAKE THE FINISHING CUT (VERTICAL)

1. Replace the roughing tool with a left-side
finishing tool suitably ground for cutting
the kind of material in the job. Locate the
tool in the tool post according to instruc-
tions given in steps Nos. 7 through 10 on
pages 213 and 214. Refer to page 166 for
the selection of the tool and to page 182
for a description of the finishing cut.

2. File a small bevel on the edges of castings
to prevent the sand and scale on their sur-
faces from dulling the keen cutting edge of the finishing tool.

3. By means of the ram, place the tool opposite the vertical
surface, and, by means of the down-feed screw, lower the tool
so that it extends alongside this surface; then,using the
cross-feed screw, move the work over until it almost touches
the tool.

4, Adjust the tool in the tool post so that its cutting edge at A
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10,

11.

12,

13.

14,

is parallel with the vertical surface as shown
in Fig. 314; then tighten the tool-post screw,

After placing a feeler against its end, con-
tinue to move the work carefully toward the
tool until a slight "drag" is required to
withdraw the feeler from between the work and
the tool. Now set the graduated collar on
the cross-feed screw to zero.

Raise the tool so that it clears the job; then
move the work to the right a distance.equiva-

lent to the thickness of the cut (about .010")
and the feeler, using the micrometer collar to
measure the distance.

Start the shaper and feed the tool down at the
end of each return stroke of the ram, using a
fine feed when finishing steel and about a
helf turn of the down-feed screw when finish-
ing cast iron.

N

A )
File the burrs from the edges; wipe the sur- §§§§§§§y

RN
faces clean; then test the work with a square. \§§S
(Refer to page 217, Fig. 312,) - §\\\ -
. N

To square the opposite end of the work, re-
verse its position in the shaper, repeating
steps Nos. 4 through 6 on page 210 for work
held in the vise, or, repeating steps Nos.
2 through 15, beginning on page 211, for
work clamped to the table.

Replace the finishing tool with the roughing tool, repeating
steps Nos. 7 and 10 on pages 213 and 214. ‘

Take the roughing cut as directed in How to Teke the Roughing
cut (Vertical) on page 215, allowing .010" to .01l5" on the
overall length of the work for the finishing cut.

Replace the roughing tool with the finishing tool used for
the opposite end and proceed to take the cut as directed in
steps Nos. 1 to 8 above.

Measure the overall length of the work, and, if the job is over-
size, take additional cuts, using the micrometer dial on the
cross-feed screw to control the amount of metal to be removed.

When the job is finished, brush all chips from the machine,

and return the parallels and other accessories to their
proper places in a clean condition.
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HOW TO SHAPE COMBINED HORIZONTAL~VERTICAL SURFACES

PROCEDURE

1. Read the description of the combined hori-
zontal and vertical cuts beginning on page 187.

NOTE: Squaring of a shoulder is usually pre-

ceded by horizontal and vertical cuts,
and, as a rule, the shoulder is squared imme-
diately after these cuts have been made and be-
fore the work is removed from the shaper.
Therefore, directions for mounting the work
will not be given at this time. However, when
the job has been removed from the machine and
it must be replaced for squaring the shoulder,
then either directions given on page 210 or
those given on pages 211 and 212, whichever
are most appropriate, may be used.

2. Set the tool head at right angles to the table,
and swivel the clapper box to the right as for
a vertical cut. Refer to steps Nos. 1 through
8 on page Z213.

3. Select a round-nosed roughing tool suitably
ground for taking a horizontal cut on the ma-
terial in the job, a tool with its cutting
edge on the left side and with a relatively

FIG.315 small radius on the corner (page 166).

4, Mount the tool holder in the tool post, allowing it to extend
Just far enough for the tool to reach the lower horizontal
surface without having the tool slide strike the job. At the
same time, place the tool holder in a position (slightly an-
gular) which will enable the tool to cut to the corner with-
out having its holder rub on the vertical surface (Fig. 315).

5. Make certain that the length of the stroke, its position rel-
ative to the cut, and also the speed of the shaper have been
adjusted to suit the job. Refer to How to Adjust the Shaper
Prior to Taking a Vertical Cut on page 214.

Cafefully move the ram through one complete
cnUTIDN stroke to make certain that the above ad-
justments have been made correctly.

6. Take a series of horizontal cuts and rough out the work to
within 1/64" of the final dimensions on both the horizontal
and the vertical surfaces.
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10.

11.

12.

FIG.316

Remove the roughing tool and replace it with
one ground especially for squaring the corner,
Surfaces A and B on this tool, Fig. 316, form
an angle slightly less than 90°,

AdJust this tool to the work so that a slight
opening is still apparent at B when the point
Just barely touches a horizontal surface and
so that a similar opening is apparent at A
when the point touches a vertical surface,
such as the end. of a scale placed against

the side of the tool as shown in Fig. 316.

\§§§§§§§§§§§§§s

NOTE: Although it is intended primarily for

squaring right-angle corners, a tooi §\§j§\§§ééi
ppdi s e il

N
-
both the horizontal and the vertical sur- \\§§
faces which form a shoulder. The procedure \§§§z 4
for its use in this manner has been explain- 5
ed here, and the procedure which is to be :
followed when a tool of this kind is used

only for squaring the shoulder has been ex- §§§

.
plained on page 223. \\\\\\% :

A\
DEPTH of SHOULDER
PLUS THICANESY

OF FEELER
1 -

When the height of the shoulder must be ac-
curately maintained, set the tool so that
it Just barely touches a feeler placed on
the upper surface of the work; then set

the micrometer collar on the down-feed
screw to zero.

Move the work to the left so that it is

no longer under the tool; then use the mi-
crometer dial and feed the tool down a
distance equivalent to the height of the
shoulder and the thickness of the feeler,.,

Lock the tool head in place, reset the mi-
crometer dial at zero and start the shaper,

Adjust a rate of feed
which will produce the
kind of surface finish
desired, engage the
automatic feed, and
then take a finish cut
on the horizontal sur-
face,

(]

\

¥
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13. Disengage the automatic feed just before the tool reaches the
fillet (Fig. 317). From this place use the hand feed and move
the work toward the tool more slowly, tapping lightly on the
handcrank with the palm of the hand to control to best advan-
tage the amount of feed per stroke (Fig. 318).

14, Continue the hand feeding until the metal left in the corner
by the round end on the roughing tool has been removed and
until the tool has cut almost to the layout line indicating
the location of the shoulder (Fig. 319). Then stop the shap-
er in its rearmost position (Fig. 320).

NOTE: If a large fillet has been left in the
corner, it may be necessary to "step it
off"; that is, it may be desirable to remove
the fillet by taking several light cuts rather
than by teking a single heavy one (Fig. 321).

Raise the tool to a position slightly above
the vertical surface; then adjust the work to
the tool preparatory to taking the vertical cut.

16, Start the shaper and then feed the tool down
carefully until the cut is just started. Make
further adjustments of the work, if necessary,
so that the final setting will result in a cut
which splits the vertically scribed line.

17. Whenever the dimension from the end of the
work to the shoulder must be maintained accu-
rately, this distance can be measured by using
the graduations on the micrometer collar on
the cross-feed screw. Move the end of the
work ‘against the left side of the tool (Fig.
322),using a feeler between, and set the mi-
crometer collar to zero (Fig. 323). Then
raise the tool above the vertical surface

Page 222




Machine Shop Practice UNIT 1-P53(A)
Fundamental Process Series SHAPER WORK Beginner's Course

18.

19.

20,

NOTE: When the finishing cuts have been made on

(Fig 324) and move the work over the number of thousandths
required to locate it in position for taking the finishing
cut on the vertical surface (Fig. 325), not forgetting to
include the thickness of the feeler, »

Decide upon the rate of feed to be used, and then feed the
tool down this distance at the end of each return stroke,

Continue to feed the tool down steadily <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>