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Answers to Problems in WHAT 1S WRONG WITH THIS DESIGN

Index follows Answers to Problems.
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| | Cylindrical nut B
| when fitted into the

A A sockets of A actu-
8~ ates the clamp.
| 1~ ~ :
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The small angle of the clamp shaft rigidly clamps
the part, the dog point set screw preventing its
rotation,

External Clamp External Clamp

from turning |
— +_

R e L =

| ] |

: 77777 :
/ The clamp is actuated by a rack and pinion. The
two jaws which were held apart by the small spring
"/ / are forced to clamp by pin A.
1
External Clamp

External Clamp
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When expanded by air, the rubber
hose clamps the part: released of air, it
clears the bore. Use limited to light work.

Thin wall rubber hose
in a helical groove
|
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n | Y

/_‘_ﬂ“ e
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External Clamp

L LS

External Clamp
7
The position of the part when clamped may be changed by turning the L.H. nut to an-
other of its eight locking positions.
External Clamp ~
9 SPRING PLUNGER EQUALIZER STOP

8

Key prevents
furning of hard-
ened washers A& B
and S$prings.

External Clamp

NN
TO CLAMP ///Tr////// J///{,le]

The part enters only as far as stop A. Clamp B is actuated by internal cone C. Observe
how the pivots for clamp B are devised.

External Clamp
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Rotates
part fo
stop A.

ECCENTRICITY —f ps—

Air vent 1

9
P

The eccentric rotates the part until it
clamps against A. Note the air vent and the
unclamping stop.

External Clamp

/
BALL BEARING -

External Clamp

—{ For remova/l of
air when r'f?.frhg
with oil.

/// o

Wrench

A is brazed in position to prevent leakage.
its thin wall squeezing the closefitting part.
The threaded pistor must have close toler-

ance.

External Clamp

External Clamp

The clamping operation is
not as strong as it might pre-
sumed to be. Less than half of
the clamp bends in the clamp-

ing operation.

External Clamp
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EXTERNAL EQUALIZING CLAMPS WITHOUT LOCK

A fixture may be comprised of several clamps. Some clamps are designed to centralize the
part or an important portion of it, others to equalize themselves about an already positioned

portion of the part.
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screw A is free of pin B, but in unclamp position the spring
moves B to the head of A to limit the expansion of the spring
and to retract the clamp. This toggle type of clamp invari-
ably needs a stop.

The springs allow the clamps to equalize. If a portion of
the part is a bit to the right of center, the springs will ac-
commodate the portion that is off center.

The illustrated spring forces C against pin B and moves
the clamp to the part. In clamp position the head of cap

External Equalizing Without Lock
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When pin A is in the slot in the bolt, the bolt is

Rocker arm A can rock about nut B, the clearance and spherical base of
prevented from turning.

the nut permitting it to do so. The washer-type springs prevent excessive
clamp pressure.

External Equalizing Without Lock External Equalizing Without Lock
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spring
spring

invari-
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the bolt is

.ock

[

Pin A rotates. B is free to move fo the left
or the right.

External Equalizing Without Lock
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External Equalizing Without Lock

Nut B slides to the left and right in an oblong T-slot, thereby allow-
ing D and E to equalize and force clamps F and G to clamp.

External Equalizing Without Lock
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STEADY REST

External Equalizing Without Lock
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24

Cam E actuates

two jaws A. Cam E
angle.

/DI

|

rocker arm C which in turn actuates D

and D1 and they in turn cause shafts F and Fi to move the

has a clamping angle and a retracting

I| ~
I
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TO CLAMP

Note how the end of shaft A is milled to create
key A,

External Equalizing Without Lock
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External Zgualizing Without Lock

28 :

External Equalizing Without Lock
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Cam D clamps B as C clamps A. The
power source applied to E moves D and
only through the strong spring moves C.
F and G are retracted by smaller springs.
H retracts C.
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‘ O ; The springs allow the clamps to be equalized.
‘ External Equalizing Without Lock
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B, C, and F are equalizers. Obsarve how D . IR ——'
and E utilize the same shaft in & tongue and . ks ‘. [
groove manrer. G retracts the clamps. Gim- LY "@‘
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External Equalizing Without Lock External Equalizing Without Lock
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External Equalizing Without Lock External Equalizing Without Lock

EXTERNAL EQUALIZING CLAMPS WITH LOCK

Many equalizing clamps have limited rigidity. If the portion of the part being clamped were
subjected to heavy cutting pressure, the part ¢ould move the clamps. In such instances a locking

device may be added..
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C is set screwed to E and D to C. A clamps the
jaws. B locks the collet.

COLLET
for locking clarmp in pasition

Extornal Equalizing With Lock
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COLLET +
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Slots in D keep C from furm'ng\

Handle F utilizes the acme threads of B and E to move
B as the spring moves A to the part. In the clamping op-
eration continued turning of F forces shoulder G to move
expander C which spreads the collet lock. In the unclamp-

ing operation shoulder H of E retracts A. External Equalizing With Lock
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Wedge A, which revolves,
acts as a lock during the
clamping operation.

See Power Sources for Clamp Posts category for larger Tll.u.ashaﬂons of the
cam wedge A lock. The jaws move horizontally.

External Equalizing With Lock External Equalizing With Lock
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Collet needls sufficient clearance with B
not fo expand unfil part is clamped.
Collet hold's clamp stationary,
\\\\ 2 [<COLLET->} =
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Note how C is prevented from turning. EXPANDER
External Equalizing With Lock
4| 45
Dog point set screws. not
shown, prevent A and B from
turning. Note the locking
method.
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The collet must be strong enough not to BN
clamp before the jaws have fully clamped. .
N
External Equalizing With Lock External Equalizing With Lock
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N \\ A and B move in slot F of C as well as in
the bore. Spring D spreads the jaws. During
the clamping operation the strong collet
locks the clamps. The key prevents E from
turning.
External Equaliring With Lock

45

Dl s O
Eccentric locks clamp

External Equalizing With Lock

I think and think, for months, for years, ninety-nine
times the conclusion is false. The hundredth time I am
right.”"  ALBERT EINSTEIN




As A, which is pinned to nut B, is turned clock-
wise it pulls D up and, by means of E, pulls F down.
Continued turning of A rotates C and pushe; it
down to clamp position.

External Pull Down External Pull Down

RForces A downword
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When C is screwed downward, it pushes pin A down.
Rocker B, pinned to A, then forces the clamps to function.
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External Pull Down
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The cam must be directly
under the clamp button in or-
der to be effective.

External Pull Down
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POWER SOURCE-
External Pull Down
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External Pull Down
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After the handle pulls back the clamping wedge, the clamp may be
rotated as indicated. External Pull Down

/ TC CLAMP
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HANDL
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Shoulder bolt
s eccentrically
locared

External Pull Down




Adjustable for various
thicknesses of similar ports
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External Pull Down External Pull Down

57 58 63

r k I )
r—P; [
/ \
/ \

g AN
~ LECCENTRIC
External Pull Down External Pull Down
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Kicker fo remove part

External Pull Down External Pull Down




61-66

"One man with courage makes a

Adyustment

External Pull Down

majority.”  ANDREW JACKSON
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] _’ limit the movement of the cam.
External Pull Down External Pull Down
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External Pull Down

EXTERNAL EQUALIZING PULL DOWN CLAMPS

Observe the use of spreaders, rocker arms, wobble links, floating pins, shaft endplay, or spher-

External Equalizing Pull Down

ical trunnions as means of equalizing the clamps.
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External Equalizing Pull Down
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Note that A and B clamp in perpendicular directions and how they are attached to the

rackenaIx External Equalizing Pull Down
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External Equalizing Pull Down
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The threads must be cut on different diameters for assembly purposes. Shaft endplay

permits the clamps to equalize.
External Equalizing Pull Down
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70

External Equaliring Pull Down

When handle K is raised,
valve H alows air to enter
through F and pass through B
to the piston's chamber C to
clamp the part. At the same
time, the valve passes release
opening E, allowing the air in
lower chamber D to escape
through G.

When the handle is lowered,
valve H permits air to enter
through F and pass through E
to chamber D to unclamp the
part. At the same time, the
air in chamber C passes out
through B and A.

71

—~L LEVELING
i JACK

1 TR SS I AR R Rt

ILNcr in same plane—!
External Equalizing Pull Down
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+——ENLARGED DEVELOPMENT |
{ OF RATCHET !

Flets are for furning of screw for adjustment

External Equalizing Pull Down

"Cooperation is not a
sentiment — it is an
economic necessity.”

CHARLES STEINMETZ




The links and pins B allow the-clamps
to equalize. Gimbals A permit the
clamps to swing clear of the part.
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External Equalizing Pull Down
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External Equalizing Pull Down
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Wedge cam A raises the clamp post and
the rocker arm that actuates the two clamps.

External Equalizing Pull Down
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Multiple Parallel Clamping
of a Part

External Equalizing Pull Down
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External Equalizing Pull Down
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~Flats aliow
adjustmer.t
of clamp
pressure

The three flats on the bolt allow 1/3 pitch ad-

justment of the clamp post.

External Equalizing Pull Down
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External Equalizing Pull Down 88
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FOR CLAMPING-! | LFOR RELEASE
!
“Rectongulor slot

Wedge A's action or. the clamp post pulls down

the two jaws, allowing them to pivot about the . ; J "'U"ISH_AQE
rollers. Note the release wedge on the right. Two [ MY 3 * | b Ny J
air cylinders actuate the wedges : . e -
L=
External Equalizing Pull Down External Equalizing Pull Down 90

EXTERNAL SWING CLAMPS

Clamps are usually swung or rotated out of and into position to remove and reioad parts, They
may be moved by hand or by linkages, gears, cams, kickbacks, rocker arms, or various types of
springs such as garter, torsion, extension,or compression. It is necessary fo retract some clamps
a considerable distanice from the clamping area.
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KICK BACH -

C rotates clamp B and D clamp A. The kickbacks
retract the clamps.

External Swing Clamp
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In the unclamping opera-
tion the tripping pin strikes the
kickback of one clamp. This
clamp in turn kickbacks the
other clamp.

C £33

KICKBACKS

“~TRIPPING PIN

External Swing Clamp

External Swing Clamp
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CLAMP POST

The eccentric pin provides adjustment if a cam or other

power source becomes worn.

External Swing Clamp

Useful with com operated clamp post.
STRAP CLAMP For adjusting eccentric
\ BRASS SHOE-
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rAlternate position

May be
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In some instances the same fixture may be used
for similar parts of varying heights. This design
accommadates several height variations,

External Swing Clamp
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External Swing Clamp
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External Swing Clamp
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Flats for kolding
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External Swing Clamp
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External Swing Clamp
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External Swing Clamp

TO CLAMP
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External Swing Clamp
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Rack B and pinion E rotate shaft C and
eccentric F, which fits in the bore of
ciamp A. In the clamping operation the

spring-loaded button pushes A to clamp
position as eccentric F pulls A down. In
the unclamping operation the kickback
pin that fits in a slot of A strikes D of the  []

slot and swings A outward.
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RACK AND PINION

External Swing Clamp
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/HELJCAL RACK & PINION

Endplay of the rack is needed to pull

down the clamp.

External Swing Clamp
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External Swing Clamp
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“I don’t think much of a

man who is not wiser
\ today than he was
i yesterday.”

Va . ABRAHAM LIN' OLN
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When shaft D is turned, the eccentric B portion of D raises and
lowers clamp A. In the clamping operation tha C portion of D strikes
pin E of clamp A and rotates the cEmp to clamp position as eccentric
B pulls it down. In the unclamping operation the torsion spring swings

the clamp outward as eccentric B raises clamp A,

External Swing Clamp

External Swing Clamp
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. External Swing Clamp
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104
The power is transferred through pinion D to C,
which has racks on opposite sides, one for pinion
B D and the other for A to which the clamp is at-
tached by pin E. Pinion D moves C herizontally,
causing C in turn to move A vertically via the
mating racks. As A is moved downward,.clamp B
swings in place and clamps.
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to C,
Sinion
is at-
itally,
y the
mp B
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Pin D is in clamp C and functions in cam groove B of A. When A is raised, pin |
D, which rotates about E as the arc indicates, enters the inclined (cam) portion

L] |
/
of groove B to create the clamping force. Observe the clamping angle of the
cam groove,

4 External Swing Clamp
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Cam bushing

The strong spring holds down plate C. The

handle rotates the plate and post F until point

E of A rests on ledge D of B. Nota the two

devalopments. The vertical position of C on

Fis adjusted by nuts G and H. G is weyed to

. C. Flats on F are used to hold F while the
nuts are being tightened.

External Swing Clamp
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External Swing Clamp

112

Th

e handle clamps and rotates the clamp with the pin

acting as & stop. The key rotates with the shaft in a counter-

bored hole.

r Key in endmitl slot 1n shaft

External Swing Clamp
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Soring has side pieces
[ fo keep clomp from
} turning
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' BACKING ~
SUPPORT

The spring holds the roller in the retracting cup
of the cam until the stop pin of A strikes B. Then
the roller slips out of the cup and the cam initiates
the clamping action.

External Swing Clamp

External Swing Clamp
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As E is pulled to the left, cam fol-
lower F slips out of the cam groove
but pin D does not. The spring then
draws the clamp out of position. B is
held in position by bushing A. In the _
clamping operation, D forces the
clamp to straighten up enough to al-
low follower F to enter the cam
groove for clamping purposes.
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External Swing Clamp
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External Swing Clamp

Double action air
cy/inder operares
a pair of clamps

SLIDE

External Swing Clamp
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127-130
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Note that the power post is offset from the center of the clamping.
This reduces the height of the clamping device

External Swing Clamp
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External Swing Clamp

""Weak men wait for opportunities;
strong men make them.”  ANONYMOUS

130

Replacable for different sized parls
\

External Swing Clamp
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External Swing Clamp

VIEW A

External Swing Clamp
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External Swing Clamp

T have the simplest tastes.
I'am always satisfied with
the best.”” O0SCAR WILDE
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3 Jaws
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7 7 | ;L FLATS _The. clamp post is rotated by a
el FOR B pin through the post and grooves
in the bushing instead of by a dog
— point set screw in a groove in the
post, the usual means of rotation.
[ i ,"'/"' 7 External Swing Clamp
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SOURCE

External Swing Clamp

“You must have long-range
goals to keep you from being

frustrated by short-range
failures.'” CHARLES C. NOBLE

External Swing Clamp
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External Swing Clamp
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External Swing Clamp
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External Swing Clamp
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External Swing Clamp

Helical gears rotate the clamp posts. A nut and
washer stop their rotation in the clamp position.
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~3 CLAMPS 120" APART

with varyin? diameters. Note the use of two locknuts to control the
snugness o
a cover to keep out dirt.

ADJUSTABLE FOR [
VARIOUS DIAMETERS h 10

The clamp may be adjusted with a wrench to accommodate parts

the mating spherical surfaces. The wrench opening needs

External Swing Clamp
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Spring eliminates excessive pressure

External Swing Clamp
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A equalizes the clamps. B is cap screwed to the end of

i he shaft.
I k- External Swing Clamp 7
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For greater
clearance

TO CLAMP

“Fits in slot
n shaft

External Swing Clamp External Swing Clamp
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Force is applied to the two links C, one at either end of B, by the ends of B, thereby
equalizing the four clamps.

External Swing Clamp
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External Swing Clamp
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v

The stop of A prevents the clamp from
becoming disengaged from the post.

External Swing Clamp
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External Swing Clamp | L
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165-166
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|

‘ "The three great essentials to achieve anything

[ worthwhile are first, hard work; second, stick-to-

‘ itiveness; third, common sense.” THOMAS A. EDISON

2

7

|' External Swing Clamp

| EXTERNAL EQUALIZING CLAMPS
| WITH FLOATING CAM

A floating cam is @ means of equalizing the clamping action that allows the cam to adjust
. itself to the clamps instead of the clamps to the cam. When a helical rack and pinion, which
may be considered to be a wedge cam, is combined with the endplay of the pinion’s shaft,
they function as a floating com in equalizing the clamping action.

Z /s 4/ 77

166

[ C cregres hommer acton for
Clemping, D for .."‘C"'ﬂmpf:q;
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\ / / 1 CAM IS FREE TO SLIDE ALONG XEY

SPACE ALLOWS CAM TO SLIDE

Note how tha end of shaft A is milled o creat= the roy. Alsc note the hammer actior

External Equalizing with Floating Cam
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Endplay allows sippage between the racks and pinions
until both clamps are firm. When one clamp is firm, the shaft
will slip toward the other until it also becomes firm. Op-
posite-hand helices must be used to equalize the clamping

action,
|
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End play allows clamps 7o egualize
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i Allow end play 2 ol
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| “R.H. HELIX LH. HELIX

External Equalizing with Floating Cam

171

CLAMPING POSTS

The two worms, B and C, on the endplayed
shaft rotate via their worm wheels, D and E.
nuts A and F, which are keyed to D and E,
thereby actuating the two clamp posts. The
clamp posts should be rotated only by cams-
specially designed to rotate clamp posts.

%
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Allow shaft
endplay
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172

Movement of the cam along the
splined shaft enables the clamps to ap-
ply equal pressure on the part.

173

TO CLAMP

—

o

N

SECTION AA

External Equalizing with Floating Cam
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I C /s fostened fo 8 ard F.
Pinion G is keyed by O to cam E.

Pinion G has a built-in key for the mating
keyway of D. Since D is also keyed to cam E,
pinion G rotates the cam. The clearance be-
tween cam E and the shaft of C allows cam
E to float.

note clearance
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INTERNAL CLAMPS

Round holes are invariably clamped with three jaws 120° apart that are actuated by balls,

cones, links, cams, or partial spheres. The jaws are retracted by kickbacks, T-slot cams, or com-
pression, tension, garter, or flat springs.

174

Adjustment for equal pres-
sure between jaws A and B
and jaws C and D is provided
by the two pair of lock nuts,
E and F.

176

Internal Clamp
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This design is suitable for thin parts.

\
N\
§

! "0" RING e \\
l—-EI;Dﬁ_ v
270077 K
/ i

/// P

/s
=

g

SR | . i -
gl
C

1
|
]

L

ik, ]
i)

%
g
<1

7

179

b\\
4 BALLS 5

/ 7
__F'_\}&
' AN XA

\..
_\ 3 PINS
“ et

= S

77 7 A

V / /1)

1INy ;/,/__L

181

Internal Clamp

Internal Clamp

182

Tongue and groove

(]: Al ula
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Internal Clamp
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; When A is raised, the three clamping jaws B retract and
the three fingers are moved to the shaded position by
springs C to hold the part only until it is lightly clamped.
After cone D retracts the fingers, E meets F and full pres-
sure is applied to jaws B. The ?&ngers are called pre-position
fingers because they merely locate the part for clamping
and are removed when the part is machined.

Internal Clamp
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TONGUE AND

P h GROOVE

NN C (3 vaws)

i GARTER:
SPRING

retroctls

a 3 jaws

D '
D /s the

l‘£ \\\m

TO CLAMP

x\'\k ; g
DZZz7222 0002000, iR

Strong springs A absorb any excessive pressure ~1

TO CLAMP

Springs A equalize the clamping action. Slots B prevent
rotation of the jaws.

Internal Clamp Internal Clamp
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Internal Clamp
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189

Tightened with a spanner wrench
~ SPHERICAL

120° APART

Internal Clamp

Three axial cams apply pressure to the jaws.
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Internal Clamp
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Slotted for

Keeps part

00D expansion ,
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Internal Clamp

199

A /s lowered To clear / e
drawbar and part /
= N |

Extended beyond ~—
A then retracted R

N

Adter the part is loaded it is moved fo the nght | 1
to shoulder B of the frame. After A is raised, the 1F=*i
drawbar clamps the part. —
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1 Ny Heavy machining might rotate the part and the springs if
[ \ . | they were not keyed by B. The "O" ring prevents the springs
| \\ ! \\\ from reversing themselves when excessive pressure is ap-
| [ | \ [y plied in the clamping operation,
I |
J : | [ { \\ ¥ Internal Clamp
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Internal Clamp
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! The eccentric expands the split ring which is pinned in two
places.

Internal Clamp Internal Clamp
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Internal Clamp

“—Prevents furning

This design is suitable for light work on thin parts.
Internal Clamp

"One thing you can give and

still keep is your word.”
ELMER G. LETTERMAN
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Internal Clamp Internal Clamp

IMPORTANT

If you would like to see Volume I1
published, send assembly drawings
(detail drawings are not needed) of
your unique non-standard clamping
devices to the author. Individuals
sending drawings will be acknowl-
edged in the list of contributors.

Hiram E. Grant, Author

Industrial & Business Books Division
McGraw-Hill Book Company

330 West 42nd Street

New York, New York 10036

INTERNAL PULL DOWN CLAMPS

Frequently an internal pull down clamp hooks onto an internal shoulder or o top surface. By
necessity the jaws (hooks) must collapse by swinging inward or retracting horizontally. Springs,

cams, kickbacks, cones, or links are used fo move the jaws.

KICKQUT
5TOP
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Note the use of kickbacks to retract the Hooks and kickouts to spread them.

Internal Pull Down
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A is the clamping stop for the two jaws C. When B is raised, jaws C are
retracted by the kickbacks in the wall -of D. The spreader pin is forced
downward by the jaws.

Internal Pull Down

2\
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LN, A
AN J A
\\ " N\
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AT -54§
When D is raised, the spring retracts A
and B, Cams C spread the hooks to the

clamp position. Note the vertical pull
down portions E.

Internal Pull Down

218

In designs invalving 8 moving nut, the nut must not be al-

lowed to rotate.

Internal Pull Down

219

Internal Pull Down




Roise and turn Lower and furn
Toretracl A& F fo clomp

P

T TO UNCLAMP

Hooks A and b are pinned to D by F. As E is raised in the
unclampirg operdtion, spreader Ein C in E also rises, al-
lowing the spring to collapse the hooks.

Internal Pull Down

222

TO RETRACT JAWS C is turned counter clockwise to unclamp G and then is
raised to engage keys K with keyways J. C is again turned
counterclockwise in its raised position, thereby turning E and
its pin D, which retracts jaws A and F.

Internal Pull Down

208 TE ey
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NANNNNN N

Before the part is raised by hooks A and
B, they are spread by cam C? Then cam D
raises and clamps the part,

Internal Pull Down




vsowgE
’ mmE 5 m
O Loy iy
=e 0t
s £386£3
7l c§552
3 . a 258cg0
{ \ S W..lm 0.2 ,m.m
el 3 S e T S iy
bi ] K 8 iy Ry e Y10 .m .
w L] 3
| _ 11 = m ] MM.ED E =
L P P 4 »£9F2E &
e = == ey e wm o 3
=y i £8Tevs H
i .rm 77 ZZZdd N\ : S92 £
/ 3 —SAY B - £o<E88 =
L)) K I ;// : 3 W+ = @ a
2 % =t io [ //// // .WDmmwu
e | & _ 5388 %=
H | eao - __ at
© x_ \ === Z 3O£2 35
o) L P~ | 5 %36%
2 Py oOwaoaoo
o o~
unoq jind jeuseiy
‘ped ayy ysuebe g pue g
sanio}  pue Ajjeyuoziioy ( s|nd 4 ‘uoyesado bu
-dwe|> By} | ‘PIEMINC PUS PIEMUI g PUR g BAOU \ ‘_m_ PUD g 404 9 Ul SJOIS 2 IO 848 [
pue q ul 8ie ) pue o) suid '{ 44oys 04 3 Aq pahey \\ @3LIvELIY Q3LOvHLIY
5! g 84°|d ‘Pe4R404 ualy pue uoyisod @oyJea @ of S v
pasies 5| 8|puey ayy ‘'voyeiado buidwe(oun ayj u| i X
D
i
17
| s
I
_r.“ Uy 3
s <ty4r—1—1+
2 _i =

N\

|

Fepa) S
1

N

_\ Iy
~ g pup g 404484 puo \* 8 _
o™ F4OYS tinyg 04 sueyd T 7
o™y Sitff Wl SPUDY S4DI0s _ _ dWVTD
w i |
vl & | _
o™ o 3




HELICAL PINION
(STATIONARY) AND
GEAR FOR ROTAT-
ING CLAMP

©

KICK BACK

CLAMPED

3 CLAMPS
120° APART

232

vlrawe/ of Clarmp /s nearly horizontal

2= )5 ely

Internal Pyll Down

|
Ll LT T .o, i

i TO CLAMP

Internal Pull Down

Jhe preface

explain his book 1o its readers. Read it

is the author s only opportunity 1o
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234-238
234 _ ey
A will pull ¥ /< Direction ff:v' removal
down clamp {/ ,: iz :>and nsertion of part _
1 4
/ 2. T : = ’ , \
o) =
Internal Pull Down - Wu L . ' /y
236 1] &2
Note that the part must slide over the
clamp jaw before it can be clamped.
OfJ \\O Internal Pull Down
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Internal Pull Down
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Cam E of C contacts D of
finger A, forcing it outward,
while G contacts F, forcing B
outward. As C is retracted,
pressure from spring-loaded
H on the half cones of A and
Bretracts A and B. Key Jkeeps
A and B in line.

I
1

N

4 N\
L 22

Movement of the handle in the cam groove
raises equalizing frunnion A, clamping the jaws
inging the handle down into the vertical portion

N~ HANDLE

of groove lowers A, retracting the jaws.




3 centering
Nprongs

Z 7

ESSNZ

The three centering prongs A center the part
before the clamps lower prongs A anc the part
to clamp pesition. In the unclamping operation
the rise of prongs A is stopped by B.

Internal Equalizing Pull Down

-

6 Internal Equalizing Pull Down
244

( 3 CLAMPS 120° APART )
b ore——————— |
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LEQUALiZER

1 | §
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In the unclamping operatfion trunnion A is raised by the
spring and then the clamps swing inward. B is the base of
the spring and prevents C from turning.

Internal Equaliring Pull Down
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3 CLAMPS N1
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! TO CLAMP

In the unclamping operation, A is raised by the
power source. B is raised by the spring and washer E
until kickback D retracts B to its-dashed position.

Internal Equalizing Pull Down




down portion
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DEVELOPMENT
OF Cam WHICH
ROTATES THE
THREE CLAMPS

247

Vertical pull- 2 4'8

T~ Ser screw
prevenrs
turning
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Internal .Equalizing Pull Down

249
TO UNCLAMP
Internal Equalizing Pull Down
' —J 7
"Queer thing, but we always think every other —-
man’s job is easier than our own. And the better he ORAWBAR

doed it, the easier it looks.” EDEN PHILLPOTTS

Internal Equalizing Pull Down
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M _ When C is pulled down. it retracts jaws A and B which are attached
| to C by pin F. When C is raised, the jaws slide through the opening
{1 between L and J until they rest on equalizer D at K. D rests on sur- T
face M of C and rotates about pin E. Tt

Internal Equalizing Pull Down
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11 3 CLAMPS 120° APART

N L TR

N

|
UNCLAMP
When A is raised, B strikes kickback D and
tilts B. C is the shape of the opening. When
A is pulled down, the spring returns B to
clamp position.

Internal Equalizing Pull Down
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Internal Equalizing Pull Down Internal Equalizing Pull Down
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| 255 | 256
| ] ' Handle for removal of 77
i ' ' egqualizer bar -
& | <+ -
I
The equalizing bar is removed when the
. \ part is unloaded. Pin A prevents the post
; ) from turning.
\ Internal Equalizing: Pull Down
\| ==\ ' Lo NES
@& g8 i N %
W/A‘//A To CLAMPT
Internal Equalizing Pull Down
258
i For roteting clarmps
} . I | The cap screwrtightens the
: N ANRN clamping device. The rack and
! ! pinions rotate the clamps. i | Equalising Pull Down
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260-263

260

Internal Equalizing Pull Down

The springs swing the clamps inward during the
unclamping operation. Cones A return the clamps
to a vertical position from which B permits them
to be pulled down to clamp the part.

Internal Equalizing Pull Down
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Quick release A is removed when the unit is un-
clamped. See Quick Release category for a vari-
ety of this type of design.

Internal Equalizing Pull Down

“No man really becomes a fool

Internal Equalizing Pull Down

until he stops asking questions.”
CHARLES P, STEINMETZ

S XANNNANN AN




Internal Equalizing Pull Down
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GROOVE IN BUSHING
| — - never be followed by a crowd.”  DONNELL
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Internal Equalizing Pull Down

“Unless you try to do something
beyond what you have already mastered, :
you will never grow.”  ROBERT O OSBORN o LKICKBACK

|
Internal Equalizing Pull Down

Turn 90° for removal
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INTERNAL TWO-POSITION CLAMPS

Long bores and multiple-sized internal areas must be clamped in two places. In some instances
the second clamping position is controlled by a compression spring.

268

Expander A slides within expander C. Spreader L [see de-
tail also) forces A [see J 6n detail of A) cr:)fwnwdrd, thereby
spreading the three jaws B. Simultaneously, spreader L
forces C (see K of detail C) upward to spread the three
jaws D.

When spreader L retracts to the right, pin F pulls expand-
er C down and its kickback retracts jaws D. At the same time
pin G pushes expander A upward and its kickback retracts
jaws B.

. ' Plates E and H contain slots for F and G and are fastened

to A and C. Note how links N are fastened to nut' M and [ 1

rocker O,
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When J raises H, the three balls E push D upward and F downward
Expander D spreads the three jaws C while F pulls down on the bolt

and expander B, which spreads the three jaws A. Pins inserted in holes
G tighten H to J when the unit is assembled.

Internal Two-Position Clamp

6 BALLS

6 BALLS

+

&

As the handle is turned clockwise, nut (ex-
pander! B spreads the three jaws A, and
screw C forces expander D down to spread
the three jaws E. Springs retract both ex-

panders: garter springs retract both sets of
jows. Jaws A function in grooves of B,

Internal Two-Position Clamp

As the nut is turned, A is forced down and Cis pulled up
by means-of the shoulder at B. Pin D prevents the bolt from
turning.
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272

. ~ sTop
e relvlia -
G
/ AS USED ON
£ A RISTON

When A is pulled down, pin C, which slides in oblong slots in
frame E, pulls down the two jaws B which are T-slotted fo E. Pull-
ing A down also actuates the strong spring to pulPdown expand-
er G, spreading the two jaws F. During the unclamping action,
washer H raises G, allowing jaws F to retract. When A is pushed
up, pin C moves jaws B upward and inward along the T-slots. Note
the stops for jaws F. If there were no stops and no part in place
when A is pulled down, the strong spring would very likely throw
the jaws free of the unit. The spring prevents jaws F from over-
clamping.

Internal Two-Position Clamp
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Turning the handle raises nut' A, which raises collet
B against expander F. and lowers nut C, which forces
collet D down aqainst expander E, thereby enabling
both collets to apply an equal amount of pressure.
Nuts A and C cannot turn because they slide in slot
G of expander F. Note how expander F is held at its
lower end.

Internal Two-Position Clamp
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3 JAWS A

As A is turned, it forces the three jaws C outward and
pulls upward on B, which forces the three jaws D outward,
applying equal pressure on all jaws.

Internal Two-Position Clamp
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<For holding hondle in upright position
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25 collet

h forces

enabling T

pressure. . The #wo jaws, A and B, function at right angles to jaws C
and D. Expander F spreads A and B while expander E

e in slot
[ spreads C and D. The linkage permits equalizing of the four

|d at its
) iaws, which are retracted by flat springs.
A forces expander B down, expanding collet C
Expander D helps o expand collets CandE
Internal Two-Position Clamp

Internal Two-Position Clamp 1

‘ CAM CLAMPS

The types of cams commonly used to actuate clamps are eccentri
as well as threads, which are a form of a cam.

¢, wedge, radial, and axial
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Cam Clamp

Cam Clamp
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- 3 JAWS WITH RETRACTING WIRE SPRINGS
\ ~ WIRE SPRING
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The handle may be insarted in hole A, B, er C to rotate
the cam.

Cam Clamp

Il REDUCED IN S1ZE
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This internal fadial cam actustes the three jaws.

Cam Clamp
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SHAFT FOR
HANDLE

Cam Clamp
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Cam Clamp

“Tha-radial cam actuates a c!

FRONT

RACK &
PINION

ario 0 a Forizontal plane.

Cam Clamp

Cam Clamp

287

Greater clamping force may be obtained by
screwirg the set screw .in 3 bit more.

“If you are sufficiently
disgusted with a present
design to do something
about it, you are on the
right road to creating an-
invention.”

HAROLD CLARKE

ADJUSTMENT
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The axial cam is adiustable. The brass plug with the set
ccrew is soft and molds to the threads, holding them without
damaging them.

Cam Clamp

VIEW

OF CaM [&
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Rotates 2
(large
rabile)

",

AN SO

“,

A

D that actuate clamps

prevent overclamping.

There are several clamps C on the circular fixture. Fast-
ened fo the fixture's rotating table B are several axial cams

button A to retract clamp C and the washer springs to

C. Note the use of spring-loaded

Cam Clamp




— 293-298
293 294
e N gﬁ?f““ AN | =
4 OZ!L [ T ff% |
A i i 1

Cam Clamp
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L] This axial cam has a cutoff to clear the
part.
Cam Clamp
296 297 Hondle drawn 90°
& olt of position
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Double axial cam C moves the two rocker arms, A énd B. ///J /[ / //// ////’/

Each equalizes a pair of clamps.
Wedge cam A actuates the clamp; B allows it
o retract.

Cam Clamp Cam Clamp
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303

299
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ECCENTRIC

'

“KICKBACK

Cam Clamp
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is the clamﬁmg wedge cam

i’huf pulls down t

clamg. B is the

retracting cam that raises it.
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Roller B reduces friction between wedge cam ] N

and clamp C. Keys D in endmilled slots retract ?f‘\ \\\\ 1 N \\\ \
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Cam Clamp Cam Clamp
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SECTION KK

302

The wedge cam is held in clamp position by a spring and is
unclamped by a separate cam.

Cam Clamp

303

directly.

This is an eccentric v-shaped cam that clamps the part

Cam Clamp
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the part

304-308

305

~DRILL & C'BORE 4 HOLES IN &

URES DISTANCES d

sCALE MEAS
gs ARE TO BE

DRILLED HOL
FROM END O
_DRILL & TAP 12 HOLES ¥ =
FOR ADJUSTING THE POSITION

OF THE HANDLE

QUICK
RELEASE

iy put the handle in an inconvenient position
ation, Rotating nut A 30° will adjust for the

Wear will eventua
B. This is a thread fype cam:

during the clamping oper
wear. Four cap SCrews {asten nut A to

Cam Clamp

306

is moved fo the adjustable
measuring stop that determines the dis-
tance d the hole is drilled from the end.
The cam should be so designed that it
will tend to, move the part toward the
stop. .

The handle, actuated by an eccentric cam, not only actuates the

damp but also retracts it

The part

Cam Clamp

Cam Clamp

307

antrically

This thread cam hes an BCC
located clamp pin.
Cam Clamp

Cam Clamp
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spring locator

/-si: RING LOCATOR

Cam Clamp
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Cam Clamp
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314-320

Clamp A. actuated by an

slot.

eccentric tam, moves in a 8

Cam Clamp

Cam Clamp

Cutout allows gréater
swing of clamp jaws

Cam Clamp

Adjustable for various
sizes of parts

= o
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This eccentric cam clamps the
part directly.
Cam Clamp

Cam Clamp

Cam Clamp

324
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"Progress is impossible without
change; and those who cannot change
their minds cannot change anything.”

GEORGE BERNARD SHAW

A7 "
AN //
Cam Clamp Cam Clamp | Cam. Clap
327 328 TO CL‘AMP

)

A barrel cam is used to actuate the clamp.

Cam Clamp
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CENTERING

Centering parts involves more than merely clamping a cylindrical portion of a part internally
or externally. The portion to be centered may toke a variety of shapes. Equalizing of clamps
is not included in this operation except possibly the jaws of the clamps. The usual cams, cones,
balls, wedges, or gears are used to actuate the clamps.
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c- Spring retrocts jow !
4—? Jaws A and B operate in circular grooves and are spread by cam C. The
retracting springs are in circular endmilled grooves.
Cam Clamp
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L{BALLS Nut /s in two parts=>

A whole nut on the right side could not be assembled, so two half-nuts,

chimmed to fill in the sawcut and cap screwed together, are used. The balls

reduce friction and prevent endplay.

Centering




Centering

Centering
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Centering
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y -Bushing plate

disengaging

Centering
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As ‘the bushing plate is lowered, the battons actu

ate the centering pins.
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This is a toggle link clamp. Note the stop.
See Toggle Lin Clamping category for more
of this type-

Centering

339

Hondle is tongue and grooved to cam
to keep the load from the scre¥

Centering’

"Themuwithanewidmi.sacmuk
unﬁltheideasumaeds." MARK TWAIN
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Wye-d
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Inclined groove cam B actuates expander A as the handle

is d.
s lowere Centering
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Centering

(| 343

345

The post is pulled down by
the rocker arm shown in its end
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352-357

352 SET SCREW TO LOCK NUT 353
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= 7, ZRETRACTS TO CLAMP
= U CLAMP
|
)
Links A actuate the clamps as post C is raised.
I

— In the unclamping operation, D forces B fo retract
the clamps.

Centering
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Note the flats on centering pins | / o i
B. Plate A prevents B from turning. //

! Centering Centering m\_J
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356

Used on a large thin part
Toe Clamp Toe Clamp
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365-370

365 |

\ec

>top
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Both bases of the spring are keyed to
clamp post E. When the screw is turned
either way. the spring pressure causes
clamp B to rotate until pin F of B strikes
a stop of base A.

367

Replacable for
another size of
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~ “Roller is pinned

| Extension spring releases clarmp

to cylinder

Toe Clamp An air cylinder operates the toggle linkage. The cylinder and the
clamp are retracted by a strong spring.
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This is a toggle link foe
clamp- Toe Clamp
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Toe Clamp
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pe Toe Clamp

Loosening the nut allows the bolt to swing down-
ward and spring A to push the clamp free of the
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Toe Clamp

Toe Clamp
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Rotate handle
fo swing clamp

Toe Clamp

“We need to teach a man that it is not a disgrace to fail and that

he must analyze every failure to find its cause. He must learn how to
fail intelligently, for failing is one of the greatest arts in the world.”

CHARLES F. KETTERING
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As shaft F is rotated, shoulder D pushes E and
its cam downward. Then shoulder B moves clamp
A to the right. Note that cam C has & cut-out to
accommodate the spring.

Toe Clamp
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Toe Clamp

Toe Clamp

391

x,? i
i/

A0

392

X/ 72

-~

L.H._

Toe Clamp

393

Toe Clamp
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CLAMPING IN THE REAR

394

396

Hardened wear washer

Clamping in the Rear

395

Clamping in the Rear

“The successful person must
learn to take with grace the
jealousy of the less ambitious
person.” MELVIN B. HART

‘o 7

Clamping in the Rear

Clamping in the Rear




Clamping in the Rear

Adjustable >
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Clamping in the Rear Clamping in the Rear

UNDERNEATH CLAMPS
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Underneath Clamp
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Underneath Clamp
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Specifying that the handle should be parallel to the hook
determines the direction of the hook.

Underneath Clamp
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The small-angle cam applies a heavy I
force to clamp D, which C prevents from
| rotating but not from moving vertically,
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P \ e T B serves as a positioner on which

the part rests until it is raised by A.

\ Underneath Clamp Underneath Clamp
=\

The eccentricity of the clamp clears
— the bore of the part in the unclampin
operation. Note the parallelism of the
handle and the clamp.

Underneath Clamp ! J! ;
| NEEENNNE =Y
| W, N " .

This is a walking strap clamp applied to underneath clamping. The
clamp retracts when pin A strikes B: jt moves forward when A strikes

C. D prevents the clamp from turning.
Underneath Clamp
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PUSHER CLAMPS

419

s S

{

~Drawn out of pos/tion
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the cam. The small cam angle locks

Pusher Clamp

Pusher Clamp
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44
Pin B in C moves clamp A via
the clamp.
422
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Clamp B is actuated by cam C of A and I
retracted by cam D. Bt
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Pusher Clamp
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RUBBER

Pusher Clamp
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A and B are separate parts held by the bolt that also

ating. Note the keys,
Pusher Clamg

prevents the cam from rot

426

Pin A is in fr

ame C: The cam and
B have slots,
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431~ 432
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Cam E actuates rocker arm C, which
forces B to move A to the part. Spring
D retracts A, and F prevents it from turn-
ing. Area G allows full retraction of A.
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437

A and B are not in
the sarme plane
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Pusher Clamp L

The basic principle used in the design of the toggle link
clamp is also used in the design of vise grip pliers. When B is
in line with A and C, the clamp exerts the greatest amount
of pressure. Stopping B slightly beyond the straight line AC
will prevent vibration from loosening the clamp. Note the
unclamp prime-marked positions of the pins.

Pusher Clamp
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3\ Compare this toggle link clamp with the one that has "There is alway slsomthmg about
+—+ been explained or see the Toggle Link Clamping cate- your success that displeases even your
=t gory. best friends.”  OSCAR WILDE

7‘__' ) Pusher Clamp
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[ H Compare this toggle link clamp with the one that has been ex-
plained or see the Toggle Link Clamping category. This clamp needs
a stop. Note the furnbuckle adjustment.
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= Through opening
B 4
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Compare this toagle link clamp with the one that has et
| been lained or see the Toggle Link Clampin cate- '
1 ngy gLia =y i e e A extends through a hole in the part
' ' after the part is loaded and forces B 1o
1 | pivat about C. clamping the part af D
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447 - 451

“Siot in A

The spring forces clamp A to the part before cam C contacts
locking pin D. B prevents cam C from turning and from retracting be-

yond D. B also retracts A.
Pusher Ciamp
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Spring B forces clamp A to the part before collet squeezer C locks

the collet to clamp A. Turning the handle moves E and rocker

arm C, which forces clamps A and G to
clamp.

Pusher Clamp Pusher Clamp

T COLLET (for locking)

l/// //,-’ Vi /".'//// /{

Pusher Clamp
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452
are end slof WEIGHTED
\-\S\qu HANDLE [ The weighted handle halds clamp
Y k posts A and B in clamp and unclamp
- DR El positions.
—Key prevents r—
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Y

: | iy
. 66— gl |5 S B_
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]
B c A | ] d
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FRONT RS
Pusher Clamp
453 ' 454
Shoulder bolt A fastens the clamp to [ 1 r___ 4 —=d
B. The pinion is part of B. it it

i sl
v £ oy |
For clearing a + l I

machining operation

Pusher Clamp

457

455

For holding J
5 bock
u e 4 Pusher Clamp
IL ———— Pusher Clamp
JBE= .
= 458
Pusher Clamp

| Luck means the hardships

and privations which you have

‘ not hesitated to endure; the

| long nights you have devoted
to work.” MAX ORELL

Pusher Clamp Pusher Clamp
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KNIFE CLAMPS

A knife edge should be used on only a rough surface. A round knife edge will last a long time
because it can be rotated when-a portion becomes dull.

KNIFE JAW —

FLAT | |Eccentric

SPRING Q

i,

e
Knife Clamp ‘ i

Knife Clamp

\\\\\\\

I’//////f////////////f/

Knife Clamp

Setting A in a counterbore enables it to bear
the thrust that the smaller diameter cap screw
would have to absorb if A were to rest'on the sur-
face. A may be rotated when a portion of the
edge becomes dull.

I i Knife Clamp
| Eccentric

| :E E

/ A g t ./ /

“"Any man’s success hinges about 5
percent on what others do for him and 95
percent on what he does, with the emphasis
on the does.” JAMES A. WORSHAM
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465-468
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TWO DIRECTIONAL CLAMPING

In two-directional clamping an operator applies a single force to the part in two places. This
' is frequently achieved through the use of equalizers. The A, B, C pin designations used in the
Yoggle Link Clamping category are also used for toggle linkages in this category.

465 466

NN Z
OO

Two Directional Clamping

Clamp B and equalizer C apply pressure to the
part in three places. B is pinned to yoke A and C
is pinned to B. To ensure that a normal right-hand
turn is used to turn the handwheel in the clamping
operation, left-hand threads are necessary. This

| | B

! / L Y unit clamps two parts.
. LSpring pushes part % N

over to stop pad

Two Directional Clamping

467
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Two Directional Clamping Two Directional Clamping
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469-471

469

Clamp D moves the part to the right and clamp C moves it toward
the rear. Rocker arm A applies pressure fo cam E, which actuates D, and
to cam B, which actuates C. E and Bfit in slotsin D and C to prevent them
from turning. Note how the offset springs retract the clamps.

A

Flats keep B& E
~from furning

A = K

ZINN

e =
= >|  Right Side
Two Directional Clamping
470 =
=== B
B 3

I - { ~ c When the handle is turned, G
| i pushes rocker arm D, which pulls
| down post B to actuate clomr C:
[ - - At the same time, bolt H pulls on
i 3 link F, which forces arm E to actu-
I D ate clamp A. G and nut J slide ¢
I AN lengthwise to equalize clamps A

7 I | and C. In the unclamping operation

/ I N the springs retract the clamps.

} N 3\
@ 1 W
D/ \g > A
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T
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Two Directional Clamping
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472 473

Two Directional Clamping

Q

Two Directional Clamping

Two Directional Clamping I
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477 -478

This is an application of a toggle linkage. A, B,
C is the toggle linkage and M the adjustable stop.
Since B does not extend slightly beyond a strai f‘r
line connecting A and C, an extra stop is needqed

to prevent unclemging action.-The extra stop is

created by catch F hooking onto G. The spring
holds E. of which F is a part, tightly against G. The
operator pulls back on H to which E is welded,
releasing F, and then the linkage may be beit a:
B and rotated about C.

Adjustment of the toggle linkage is provided by
cap screw K and nut P. D is nct threaded: it acts
as a spacer between the cap screw head and nut P.
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479

48|

480

Equalizer A rocks about spreader B as
it adjusts to the part. The pin in the frame
prevents A from swinging out of position.

Two Directional Clamping

- 1482

Two Directional Clamping

483




FLAT SPRING

]

Commercral
clemp

An equalizer has been added to this
commercial toggle clamp. Commercial
clamps are sometimes modified as an
economy measure.

Two Directional Clamping
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The cylinder causes two balls and four pins to actuate clamps A,
C, and D. The part is forced against B as it is clamped.

Two Directional Clamping
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Bushing plate .
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Two Directional Clamping

489
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Clamp A with inserted pin C slides down cam D, groove

E preventing it from turning. Spring-loaded B retracts the
clamp.

Two Directional Clamping

488
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490 491
i
Two Directional Clamping Two Directional Clamping
To reduce loading time, two or more different clamping operations may be performed simul-
taneously. In some instances, equalizing must be used to avoid overclamping. All details should
| be studied, not just those mentioned. Observe how pins and grooves are used to prevent por-
tions of the clamps from turning, and springs are used to retract the clamps.
492
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%
/ The part is positioned against shoulder A.
As H is pulled down, spreader E moves clamp
B to the right and actuates clamp D to rotate
to clamp position. The two jacks are locked
separately by F.
Combination Clamp [Internal, External, and Jack)
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493-494
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3 jaws to —\

match the lugs

For use with parts

having lugs .

6
\

(o]

3 fingers /120°
apart for
centering

C pulls pin E down out of cam groove M,
thereby drawing A into clamp position.

In the unclamping operation, M raises H,
retracting pins J. Jaw B lowers, and pin E in
post C follows cam N of A, moving outward
horizontally to release the part.

493 )
=3 P £ 5 0 € and moves
A horizonftally
rA E-\Jl | 1
T " L)
I e i J
I | r ;L‘Ig-!:l B ! ‘}
il i 1 1O = )
T T | :
I L if= :J: 8 \4./ Z3 centering pins
] [ /20° apart
4 i |
3 clomps I20° apart |
|
Clarmp B rotates about pin
D which /s in A and raises [ w
the part '
L— |
1 J
- & |
| |
-1—47__ | } = |
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groove
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As soon as shoulder M is free of spring-
loaded expander H, the three centering pins
Combination Clamp (Centering and Raising the Part) J center the part. Then clamp B pivots about
S pin D to raise the part and clamp it against
494 A. Before the clamping stage is reached, post

When H is raised, it raises D and forces the
spring to raise expander A, actuating the three
pins C to center the part before plate G raises
the three arms F, which, in turn, force E to raise
the part to stop B.

Combination Clamp (Centering and Raising the Part)
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495-496

495

PULL DOWN
CLAMP POST

| I\"@
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TOP VIEW

- FROLLER

A

ates clamp F.
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Combination Clamp (Internal Pull Down and Pusher)

496

ROTATED 80° FOR AN IMPROVED VIEW

In the clamping (g!eraﬁon‘ D forces the

part against P. Bolt

clamp rocks about the nut at the top of A.
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Combination Clamp (Internal Pull Down and Pusher)

=

Note clearances

ETD

Roller C equalizes cam
B, which pulls down clamp
post A,and pin E. E actu-

via gimbal N (see de-
tail of M which is the same) actuates.rocker
arm E, which pulls clamp post A down via
gimbal M. Note how C passes through end-
milled slot K of post A, and how the equalizer




. equalizes cam
ills down clamp

d pin E. E actu-
< 4

) forces the
sl N {see de-
tuates.rocker
A down via
through end-
the equalizer
@ top of A,
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497 - 500

497
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When nut F is turned, cam E forces spread-

er C outward to actuate the two jaws G that
center the part, and bolt B is drawn down,
clamping c-washer A against the part. Note
how pin D keeps the bolt from tuming and
C fits in a groove in E to keep it from turning.

Combination Clamp
(Centering and Internal Pull Down)
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3 CLAMPS

jaws to retract.
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—  (Centering plungers
— retract when clainps
- J are ra/sed

Raising frunnion B actuates the three clamping jaws to rotate in-
ward and raises spring-loaded expancer A, allowing the centering

Combination Clamp [Centering and Internal Pull Down)

l\tl

499

Combination Clamp (Toe and Clamping in the Rear)

500

“I never did anything worth
doing by accident nor did any of my
inventions come by accident; they -

came by work.”

THOMAS A. EDISON

through shart

Combination Clamp (Toe and Clamping in the Rear)
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EQUALIZING
JACKS

The part is centered as it rests on plate C. As
trunnion D is pulled down, the two jaws E swing
into position and ¢lamp, enabling equalizing jacks
A to level the part. Ogsawe the use of two snap
rings as stops.

v
A

| . Combination Clamp (Centering and External Swing)

502

-—P*—3 CLAMPING JAWS 3 CENTERING JAWS
A — s I = | - - == As F raises trunnion D, the three
by — R " Wi clamping jaws A swing outward, and
——- Y LA | LA nut E strikes the three centering
' \':\ jaws C, swinging them outward
N W N ,L/‘/ also. E raises B by means of C, com-
N e ;/ pressing the springs. Before jaws A

reach the clamping position, E is
lowered, freeing the springs to ac-

Springs ore power
tuate centering jaws C.

|
| Source for cenfering
1
|

l’D E R The space allotted the springs is
X\\= AN i efracts 3 not adequate to accommodate one
[N\ O WO \.\\ centering spring of sufficient strength with .
%, 4 NN \\\ I | N Jaws f‘ e required amount of ‘compres- |
1 =4 ! sion, therefore two springs with
N\ ~ - i=l greater combined compressibility
'/ Vi / VD ~ 3 are used.
| ////_.f/jtf/ Y Note the airvent in F for the low-
4 L2 L er end of B.
{ % o




ate C. As
vs E swing
lizing jacks
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n D, the three
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hree centering
them outward
2ans of C, com-
Before jaws A
 position, E is
s springs to ac-
<.

d the springs is
ommodate one
 strength with
nt of compres-
o springs with
compressibility

in F for the low-

503

As D is tightened, A is fo:ced to ciamp and pulls C up. which raises F and
pulls clamp B down. When unclamped, A, C. and D swing outward, revolving

about E.
Combination Clamp (Double Toe!
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% ™ 7 /
W P Naot in same plane AT
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Retracts lefr clamg r_ 4

Combination Clamp (Double Toel
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506-509
506

As D is raised, it forces equalizer C to
actuate the two strap clamps, A and B.

Combination' Clamp (Double Teel

507

Clamp B is raised by screw

'| I — D and torced to pivot about

. screw C. Upward pressure on
=y screw C from clamp B forces
I AN clamp A to clamp. Note that
the clamps are perpendicular
— to each other.

Combination Clamp (Double Toe)
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Combination Clamp (Double Toe) Combination Clamp (Pusher and Jack)
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ed by screw
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| pressure on
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p. Note that
erpendicular

Jack)

510-512

510

SPRING WIRE=>
-

3—120° gpart- \E

DR 27 =

When G is raised, squeezer B squeezes collet
A, which cannot rise due to shoulder H, and clamps
the part. As G and B are raised, the spring pushes
up expander F, which torces the three pins Eto
actuate the three jaws D. Spring J prevents jaws
D from overclamping.

Combination Clamp (External Collet and Internal)
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COLLET~

PINCHING —
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L.H. THREADS HANDLE
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When the handle rotates the cam that actuates jaws A and B,
it also screws the cam onte the collet, pulling the collet down
against squeezer C, clamping the part.

Combination Clamp (External Collet and External)

512

“It’s amazing what ordinary people can
do if they set out without preconceived
notions.” CHARLES F. KETTERING

3 cLAMPS 180° SWING

=13 _ ~J
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0 RING / /

KEY

As F is pulled down in the clamping operation, expander A ex-
pands the collet: D rotates clamp B into position and then pulls it
down. Cam C rotates D. Pin E allows B to move only vertically
within D. Both springs prevent overclamping.

Combination Clamp (Internal Collet and Internal Pull Down)
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TO UNCLAMP
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AAANNNANNN

B

LYY,

—SPRING
CLAMPS
COLLETS

E

Pulling H down unclamps clamp
A and ?orces C to move G down-
ward. G pulls squeezer F down,
thereby unclamping double collet
D. The strong spring holds the col-
let in clamp pesition.

Combination Clamp
{External Collet and Toel
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As H is pulled down, spring-
loaded B forces collet A against
spreader F, clamping the part in-
ternally. H alsc pulls down trunnion
G, clamping the part externally.
Detent E holds the clamp in either
of two positions.

Combination Clamp
{External Swing and Internal Collet)




inclamps clamp
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515-516

od down, spring-
collet A against
wping the part in-
ulls down trunnion
o part externally.
he clamp in either

n Clamp
| Internal Collet)

515

& JAWS /’?’ A In the clamping operation, air enters
7 AR e B through the smaller pipe, forcing piston
& A P
e A7, — DIAPHRAGM C downward. The collet, screwed to
//j C. is also forced down against collet
4'/ / = - squeezer D, clamping the part at its
/. ff/’:ﬂ_ = s 1 J lower end as it rests on three pins. When
AN % | B i piston C moves downward, it releases
\_'\\\‘\\.\\-; N | W its pressure on the prestressed dia-
AR / N\ phragm, allowing it o clamp the upper
sy, ! \ portion of the part,
oI ! NEOPRENE A In th lamos . .
c - Vi o n the unclamping operahon, air en-
/ DII_"|£T Tm"?d slots r2sils ters through the |ar?:ar pipe as indi-
Z | | alla cated: raising piston C and the collet.
y 9 puien L
= /// A As piston C is raised, it applies force at
/ o _L — / _< ] B to the diaphragm, springing it upward
d N and' spreading jaws A, Sik slots in the
D 3 REST PINS ¢ 6 SLOTS—ahN N outer ring of E allow chips to be re-
*\_\ — N ) - : N moved.
S5 S — AN \\\H '\\\\\\ \\\F A
N N N\ \\ 0 \
NG N\ SN N
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TO CLAMP TO UNCLAMP The handle turns F. which contains
- face cam C. One end of pin E of D fol-
_— : lows cam C and raises plunger D, which
Combination Clamp (Diaphragm and External Collet] functions in square slot A. The other end
or pin E slides in vertical slot B, which

——

prevents D from turning. As D nears its
uppermost position, axial cam G of F

=y forces clamp H fo clamp.

Drawn out
of position

Saw, bend
weld—
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Combination Clamp (Internal and Plunger)
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As worm gear E turns screw F to clamp vise jaws J, worm

_G causes rocker arm C to move A, which actuates clamp D.

The spring inside G allows G to endplay, equalizing jaws J
and clamp D. Note the use of thrust bearings at both ends
of F and G to reduce friction.

Combination Clamp (External and-Pusher]
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518

3 clamps are tightened rDJA,
by this nut R,

As the nut is turned, clamp D and its equalizer are forced down. Spreader
A is forced fo move B and C, which actuste the two clamps, E and F.

Combination Clamp (Three Directicnall

519

As B is moved to the right by a cylinder,
its rack rotates the pinion which. in turn, ro-
tates C. Cam E of C via pin L of plunger A
raises the plunger. Although C continues to
turn, A does not rise further because the F
portion of the groove is circular. While pin
Lisin F, cam J pulls D and H down, actuating
clamps G. Cam K retracts the clamps. The
rotation of C is reversed and pin L moves

into E, retracting plunger A,

=y

==y
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TO UNCLAMP

# V. ",'J'l/ T}"
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Combination Clamp (Double Toe and Plunger)
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P o As D screws into cam E. it moves E to the left, forcing B to
i actuate clamp A. D also forces F against C. which rotates,
forcing G of C against the part. Note the spring-loaded re-

tractor for C.

{ 521

Ag the handle is tuined, barrel cams A and B actuate rock-

er arms C and D to move the locators into holes in the part.

Tl en cam E clamos the part against the stop.
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Combination Clamp (Locators and Cam)
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522-523

522

ECCENTRIC

Combination Clamp [Double Pull Down)

The handle turns the two cams, E and F. Cam E
actuates the yoke about D to pull down clamp post
A while cam F forces C to pull down clamp post B,

523

Bort 1s held down by an overheod clamp
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i A b, ; FAONY /S The part is placed on C. As the overhead clamp
ff_ [/ ' { 17\ L/ /] pushes the part and C down, spring-loaded
FIIN G :: i 7 4 \'/’// spreader B forces the three jaws A to center the
/I //’ i - A\ part. The lower end of C stops at F. Spring D pre-
A A Z M\ / A ///' vents overloading; spring E raises C when the unit
SN MWV A /S is unclamped. Note the airvent.
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Combination Clamp [Overhead and Centering)
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‘ % i ' Before cam E forces B to clamp, spring-loaded

| T - positioner C moves the part to the left and down.
] I i '{// f/ N Note how the retracting springs for B rest on only
' -~/ / /] N\ the shoulders of B and A. Since the springs are

"1

N stiff and the load is light, this is satisfactory.

Combination Clamp (Pusher and Positioner)
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In the clamping operation, A
moves the part against stop N, and

then jaws E and F equalize about the
part as they rotate about M. K

forces B to move J via H. J actu-

I | ates E. B also moves D and it moves
C, which locks J. Bolt G is prevent-
Ny ed from turning by pin (g. which

A functions in two keyways of F. O'is
also one base for the spring.

Combination Clamp (External and Clamping in the Rear)
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A and B are turned in -
oppaosite directions e
Combination Clamp (Double External)
527
il
B not only raises A, which actuates clamp E, but
also allows the spring to force cam C to raise jack
D. The spring also prevents overloading.
s — ASNSTTY
'."—_—\
77777 ATZZ LN ZZ) T T2 0
ASOSNNNNN l:‘\\fi\\\\ SINSONNN \\\\N
Spring ecluates jack
_ Combination Clamp (Toe and Jack]
- 528 -
Turning A forces D to raise C and, in turn, equali-
A zer B, which raises the part to the stops. A also
:;": forces E to move the part to the left stop.
. K
ctu-
ves
ant-
nich |
Dis |
Combination Clamp (Pusher and Raising the Part)
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RAISING THE PARTS

low a hole is eliminat, :

Some designs require that the plate on which the part is raised not onl
also be prevented from rotating as the part is raised.

y be an equalizer byt

529 |

Pinion E actuates rack C to raise rocker arm D. which e
B as they raise the part. After the unit is clam
the left, pulling the cone into locking position i

qualizes posts A and
ped, the helical pinion slides to
n its mating hole.
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As shaft D is turned, C moves fink A, which causes B to turn shaft E. Each

pin has a cam to raise it and the bar connecting a pair of pins. Note the clear-
ances necessary for the unclamping operation.

Raising the Part
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plate
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533

ould the screw be fh;ead-
ed o allow the right hand to pull the
handle forward | the normal way)?

Raising the Part

As F is moved to the left, rocker arms D and E raise posts
B and C, which raise table A,

Raising the Part

536

grooves. Spring
r the fixture is not

plunger B keeps nut C
in use,

Raising the Part
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537

spring-loaded studs.

—L.H. ACME

The LH.- and RH.-threaded cams B and C raise A. It is retracted by two

R.H. ACME p

Raising the Part
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Raising the Par-t_
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As the cam forces post B down, post A is raised
via the racks on posts A and B and the connecting
pinicn. When the unit is unclamped, the strong
spring reverses the movement.
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Raising the Part

Prevents fable from turring

.

For equalizing
Conventionally FOR QUICK
= LOWERING
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Raising he Part
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Raising the Part Raising the Part

STRAP CLAMPS

Strap clamps are clamped by cams, nuts, screws, or drawbars. They may be retracted by hand,

rotated away from the part, or completely removed to clear the part.

549

When the handle is turned counterclockwise, the
cam drops into the recess and allows the clamp
to be rotated. Note the needed stop for the
clamp position.

_—~Rotates the clamp
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550-553

550 551

4 positions <
for handfe =

@E{}f ..
e . \[§ %

The groove acts as a stop for both ends of the
rotation,

As wear occurs, the handle may be moved to another of
the four threaded holes. Note the guard for the springs.

Strap Clamp Strap Clamp
552 553

Stop for clamp
when clamping

For rota ting ~
clamp wher
unclamping

N
s\\
Y

X
WY

AN\

Rotating the clamp is sometimes preferable to
retracting it,

Strap Clamp Strap Clamp




THRUST

N BEARING

Strap Clamp

This adjustable - height
cam-operated strap
clamp is & multi-purpose
clamp. Note the use of
gimbal pins. The clamp
may be rotated.
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Strap Clamp
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560

A

SLIDING

A slight vertical pull on the handle creates a very
effective handle-clamping action to turn nut A with
the added advantage that the handle may be kept in
a convenient position. Note the guard for the springs.

Strap Clamp
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Note the unique pivot design at the
Strap Clamp
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e
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The two pins not only square the clamp with the part
but-also act as a-stop. This is an equalizing clamp.

Strap Clamp
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Strap Clamp
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The wedge cam operated clamp is actuated by a T-
slot controlled clamp post.
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Strap Clamp
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566-572
566 .

The clamp is raised and moved to the left fo hold it above the part.

Strap Clamp

570

571

This is an equalizing, three point, swing c-
washer, removable clamp.

Strap Clamp

572

The clesrances allow equalizing at the pivot

loss of the c-washer
e s Strap Clamp

pin. The chain prevents

Strap Clamp




swing c-

573-578

573 574

575

Reversible for different

heght parts

T !

i
| =t

|
|
[ 1]
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Note the swing c-washer on this
removable clamp.

Strap Clamp

Strap Clamp

Strap Clamp

WALKING STRAP CLAMPS

The power source, either mechanical or hand, that clamps the strap clamp also moves it into

position ond later retracts it in a single operation. Obe

ing feature of the walking strap clamps.

rve the numerous designs for the walk-

576

KICKING PIN-

There are a number of variations in how the cam and kick-
pin are used to clamp and walk the strap clamps. In this illus-
tration the kickpin strikes the side of the retracting hole and
moves the clamp back. During the clamping action the kick-
pin moves the :ﬁnmp forward and then the cam actuates
the clamp.

Walking Strap Clamp

|
2

“No one ever attains very eminent success by
simply doing what is required of him; it is the
amount and excellence of what is over and above
the required, that determines success”

CHARLES KENDALL ADAMS

Walking Strap Clamp




Walking Strap Clamp

Walking Strap Clamp

In the unclamping operation, A s
moved to the left, and pin Ein A (see
detailed view) strikes the left edge of
groove F of B forcing B to rotate shaft
H, which is fastened fo B. H, in turn, ro.
tates clamp G. In the clamping opera-
tion, A moves to the right, F leaves
groove F, and D of A acts as a cam,
raising C of B, which cayses H to actu-
ate clamp G.
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roller slips
in groove

BLOCK FOR
MOVING CLAMP

FORWARD \

KICKBACK ROLLER
/“ KICKBACK B.OCK

R
N

™

o

{ A\

Walking Strap Clamp

the clamp into clamping pos

the unclamping ac

The kickback roller pushes against block A to move
ition. Upon reaching it, the
past block A at C, and then cam D clamps
E. which prevents the clamp from turning. In
tion the roller slips past C again,
strikes block B, and retracts the clamp. The flat spring
pushes down the farther end of the clamp.
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Prevents

turning
of clamp
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Walking Strap Clamp

As unclamping takes place,
F. having movag clamp A to
the right during the clamping
action. moves away from E.
and 'ne spring retracts clamp
A 4o the new rotated position
o' C. Pin D stops the move-
nent of cam B. The front view
of D has been drawn out ©
position.

During the clamping opera-
tion, C leaves E an then F
moves clamp A to the right.
Clamping action by axial cam
B follows.




584-585

As E is raised in the clamping o eration,
its rack rotates pinions D and Di. Pinion Di
moves F to the right and pin B of link G fol.
lows in the £am groove of F, thereby cays.
ing pin A of clamp K to move K to clamp
position. Then cam H of F raises J and clamps
K.

Operates S€parately tg
Move clamg 1o lery
-

Walking Strap Clamp
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586-588

586
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Walking Strap Clamp

In the unclamping operation, pin A in cam
C moves to the left in the groove of clamp
B. When it reaches the straight portion of
the groove, it swings the clamp as shown,
During the clamping action, the pin moves
along the circular portion of the groove.
leaving the clamp stationary.

I the clamping operation, the pin in the cam
pushe the clamp to the left. In the unclamping
opertion, the extension springs retract the clamp.
The spen end slot in the strap clamp not only
kee_s the clamp from turning, but also accom-
modates its horizontal movement.

Walking Strap Clamp

588

Pushes cliomp
forward

Walking Sirap Clamp
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When bolt A of the clamp is not at the center of triangle B,C.D of the three
pressure points, there will not be equal pressure at each point.

Walking Strap Clamp

1 590

During the unclamping ac-
tion the cam of A moves away
from H, and the pin of A,
which slides in slot J of rod F,
retracts clamp B until pin C of
the frame,_ stops it. Clamping
action actuates sEring K to
move clamp B to the right un-
til pin C stops it, then the cam
of A clamps B.

CYL.

In the unclampin? operation, cylinder F moves B to
the right until shoulder A of B contacts shoulder C of
clamp D, thereby retracting D. In the clamping opera-
tion, the horizontal spring moves D until + extreme
right end of the groove of D strikes stationary pin E:
wedge cam G of B then clamps D.

1 55

NN Walking Strap Clamp
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592-595

Space for
spherical
washer

. ) .u'J—E

il

nr

} I :
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As the handle is turned in the unclamping operation,
surface A meets surface C of block B, which is fastened
to clamp E to limit the amount of retraction. E is re-
tracted by spring D and prevented from turning by
the T-slot in which F is placed. The amount of retrac-
tion is indicated by d.

Walking Strap Clamp

Unclamp

position

593

7 //,//// A 75,
S )
LD
Walking Strap Clamp

In the unclamping operation, the toggle linkage
retracts clamp B until the left end o? groove A
strikes stationary pin C. Note the frequent use of
a slof, one portion of which is inclined and the
other horizontal.

595

As E moves to the left, piston B moves away from
D. allowing spring C o bring clamp A into clamping
position. Then wedge cam F actuates the clamping ac-
tion through the roller. During retraction, F moves
away from the“roller and B strikes D, retracting clamp
A as the spring-loaded button pushes the right end of
A down.
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Walking Strap Clamp
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vSpring pushes clamp fo maximum position
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As the handle is pulled forward, bar-
rel cam B forces clamp C higher on
wedge A, clamping the part. When the
unit is unclamped, clamp C moves to the
| left and the spring pushes the left end
of C upward.

r-’ 597

a B\“.P C rD {{‘:
\ SN g As F moves toward clamping
== N : position, spring-loaded piston
\ ' &\\\ N\ \\‘\ moves clamp A to the left until the
| | k\\\\ *-\‘E- 3 v — £ 4 post stops it, then cam D of E ac-
g — - _,,,i/'/ W 7 . tuates the clamé». It is retracted by
| Ard ‘S E- " pin B in piston C.
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| AARARARNE 7 AR
1 |
| TEE SLOT
J Walking Strap Clamp
| 598
. N __ .0 (&
| NNV~ /// /;( : ’\*-7/’- - — »:———q : j F moves to the right and cam G away from
| = I YA "\ \I ] its clamping force during the unclamping ac-
| o 474\ A /] 4 tion. Pin A in F then siri?es the B end of the
| 3 L e | 4 endmilled groove, compressing the spring
! \.\\\\\.\ R al € i U and retracting clamp C.
| BN As F moves to the left in the clamping op-
; | I [ k@ eration, A moves away from B, and the spring
: y 1 F 5 L pushes clamp C to the left until pin D in C
o = strikes the left end of the slot in frame E.
! = - - = — -2 Then cam G clamps clamp C.
| e —— P P
|

POWER SOURCE
Walking Strap Clamp

5 99 KICKBACK—

[ T ———— - ——
| l /’

”
l £ /S The spring moves clamp A to the left as B moves

; to the left until slot C strikes stationary pin D. Then
€ = D ’ the wedge cam of B clamps A. The kickback of
— 1 B retracts the clamp.
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|
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[ Walking Strap Clamp
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| ' r i PULL BACK PIN
_ Woalking Strap Clamp s _
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B 7 the splinters, but they always prick

D of E ac- cige
;traitedak:y the hardest when we’re sliding
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Walking Strap Clamp

WEDGE CLAMPS
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Wedge Clamp
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Wedge Clamp

Wedge Clamp
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612-619
612 613
Provides corner clearonce “ )
for rotating of clamp Co"'ﬁdem without
- competence fails to produce
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the spring automatically turns the 1 I
clamp when the cap screw is turned.
Note how the nut is held.
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620-623

Vacuum clamping is usually limited to thin,

VACUUM CLAMPING

flexible parts and odd-shaped parts suitable for

light machining.
620 -
ﬁ/{f' Vi
AN/
Y Support pins ground
e same height
- /
62' .af TSheer metal part
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Vacuum Clamp
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VISE TYPE CLAMPS

Vise-type clamps are actuated by cams (including wedge-type), racks, gears, thread, rocker
ible for arms, or toggle linkages. They may be designed to locate the part or to equalize it relative to
other clamping.

- 624

Some designers prefer that one clamping jaw be a pla're
and the other a v-block. The two threads in a centering vise
must vary as to the number of threads per inch to permit
each jaw to move in properly for centering regardless of the
size of the diameter of the part. Observe the different di-
rections of a, the difference between the radii.
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Vise Type Clamp
625
' The ratio of the threads is 1.400
to 1,000 although the movement of
= the jaws is |.414 to 1.000, because
3 b the degree of accuracy provided is
" Two ree blocks give poor  — + —  sufficient to center rough castings
chkamping of out of round and forgings.
rough castings o, forgings. i
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| 626 627 -
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Turning and locking the L.H. rut allows the clamp
in which it is located to be adjusted, thereby mak-
ing it possible for the clamps to center the part.
See Shaft Clamping category for more examples
of locking.

l| Vise Type Clamp

| to clamp position. E retracts jaw A.
Both jaws and screw D may move
= B horizontally to equalize about the

\ . part.

|
T]I 628 | I C pushes jaw A and pulls jaw B
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Vise Type Clamp
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———— 631-633
631
-+— Top view Rack
of C -
1 As C is moved forward, the racks of A and B
7 mesh with those of C and move jaws A and B to
clamp position. The 7° angle of the racks creates
strong clamping action.
——
s the clamp
ereby mak-
r the part.
 examples
—— |
d pulls jaw B
stracts jaw A,
D may move
e about the
Vise Type Clamp
632 Cyhindrical pin A Fits in reamed siot in . Siot in C
/s needed for assembling.
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GROOVE
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As links D and E approach the herizontal, the applied force is quite |
strong. When a part is a bit undersized, center pins'F and G will move :
above the horizontal, relieving the cl amping, unless there is a stop. This is
a toggle link clamp.
Vise Type Clamp
. : _-.-—.




=
PRI i
c
e e
K e e e T
|
7z

Vise Type Clamp

UNCL AMP
Post E moves B and its attached clamr C to the

right as E moves A end its attached clamp D to

! the left. During the unclamping action the spring
moves A and B (and C and D) apert.

|

‘ l Vise Type Clamp
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‘ 636 637

For equalizing
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turrning handle
/

\ May be adjusted by
E
\

= == WA

When A moves above the line

. C and B, the clamp loosens. To prevent
' this a stop is provided. It is fastened to
: F and

- l—L—_—-’.: A, B, C is a toggle linkage with B pin-

il

ned to movable jaw' D. The maximum
amount of clamping pressure occurs
when A, B, and gare in a straight line.

t}I'm:vugi'l

strikes the underside of link B.A.

B B A END VIEW OF F The stop allows A o go slightly beyond

= ;_J'_1

!I : by vibration.

the straight line through C and B, there-
by avoiding having the clamp loosened

642

Note that the set screws
keyed to B adjust the jaws that
center the part. C is a posi
tioner.

643

~POSITIONER

The positioner locates the part ap-
proximately and then the jaws raise it to
clamp position. The power source is 8
commercial toggle clamp.
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Vise Type Clamp
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The wedge cams actuate the clamps. See Power Sources for Clamp Properly adjusting A prevents B and C from
Posts category for additional wedge cams. aligning horizontally.
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Vise Jaw
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Vise Jaws
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Vise Jaws
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clamping.

MULTIPLE LOADING

When two or more parts are clamped simultaneously, equalizers are invariably used. Springs
or cams of various types, balls, collets, oil, or LH. and RH. threads may be involved in the

667

The rack and pinion rotate the cam. Note the two hard-
ened pins with flats used as wear surfaces for the cam.

Multiple Loading
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i 669-670
. 669

As the tablz rotates counterclockwise, tripping arm C strikes belt D and rotates rocker
I arm E. which moves clamp F to clamp position. The table then stops rotating and the ma-
! chining operation is performed. As the table rotates again, C moves beyond D, and spring
I B forges pin A in clamp F to move F, thereby unclamping the part.

I 8 STATION

' . | Multiple Loading

670

“A< C is raised, B is forced to compress the springs, moving A outward to un-
clamp the two parts. There are numerous duplications of this type of clamping
about a large table.

ROTARY GRINDING TABLE
TO wCLAMPl’ dﬂ

Belleville washer spring
—does the clamping

U TR T I7 777 TTITIZ7] V777, '
? : I\r;\ NN m.f;?rj H.
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l DIAMETER
Mulfiple Loading




671

Buipeo ejdymy

Nz

77777777,
\\\\\ s \\\\\\\\N\\\\

@ | @ %,

88 NOILD3S

Vi

L+

A
N

e

x&ﬂi. |knl —_—

LY
=

7, ¢

4
y

dwe)> ey} jo uonyejos 344 Aq pa4esss uoyouy ey 82npa. o4 5405
H o Aq pansias s JAYEPAN "Bunixly ayy sdweyd ajpuey ayy 4o Buiuiny
panuiuos ‘doys ayy SOYYS g dayyy ysod yoea 19 8pis By opu yna
uowid yiey ayy e1a sysod aaulyy ey 40 8UO &4e404 YoIym JO YoEa ‘sye

‘sysod - @auyy sey ySiym |y eaow N Pue 9 syuiq 'spied ayy dwejs Aeyy aiojeq
uonisod oyul payejos aie sysod wep 8y) °r pue '3 'q 'sysoa duieps
884y} 8y} umop (Ind Yoiym ' swes abpem aauy; ayy ajenjoe 0} s||eq
99444 8A0w 7 pue 'g 'y suid Jenbueised ‘uoieiedd Burdwe|s ayy
Buunq 'sysod dwe|> saiyy Aq padwe)> ase sped omy ubisep siyy u)

\\..ZO_ZE T Wivd

VY277 77




E p—

i g R — _ . ".‘E s i p——
r— — —_— = —
fi .

'[.‘

i 672-673
- | 672

Hi
i
\- | The springs cause the expanders to expand the collets, clamping the parts.
T The cams later raise the expanders, unclamping the parts.
' i' ! Multiple Loading
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Van .
1 ‘e After several parts have been machined, table
Vit B is rotated until cam A unclamps the collets of
' ~ the machined parts. As the parts are unloaded
& and reloaded, machining of other parts continues.
[~~~ 9
IL
E_‘_ 3 ~Cam for
—e— unloading
! = - -
’ § = L Be=
P - g
I - B
by -
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| | et
| (8 e || COLLET

Multiple Loading




d, table
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674-677

674

676

This is a clamping device for use in a
vise.

677

The strong springs B pull the collets against the
squeezers, clamping the three parts. Three cams
unclamp the collets. After holes C are drilled

low holes D to be drilled vertically.

vertically, the three parts are rotated 180° to al- .

Double carm allows chips fo drop out

675

Three parts are clamped by cne
collet. Table A rotates, allowing
parts to be machined individually.
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Multiple Loading
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Possage way fo
another pair of clamps
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K.Shaff for cam B . / ',_ -
s ! N /
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% % \\_\ "
NN\ — ~ The cam must be eccentric i
to piston A in order to use this é
method of compressing the
. il to save space. — : ==
Mulfiple Loading s N
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683 | -
’l .
— <)
“,.'f" J
Recess A allows the equal-
izing clamps to be raised o
| ! | @ greater height during the
I . I 71 unclamping operation,
I | /

,/ e .3
A

Multiple Loading

The simple addition of & passageway
allows one oil chamber to serve as the
pressure source for several clamps. A is
inserted after the oil chamber is filled.

Air is forced into the
three chambers B, actu-

atihg expanders A to
spread the three sets of
three jaws. The jaws are

retracted by springs.
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' | As the nut is turned, A clamrns the two parts, and rocker arms B and C pull the
i two clamp posts down, also tlamping the two parts.

'_-l Multiple Loading
687
|

Multiple Loading

This' device automatically clamps
four parts. A cam unclamps cam D
which is held in clamp position by
the small clamping angle and the
strong spring. B equalizes between
A and A1, both of which have their
gwn equalizers,
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Rocker arm D forces down link A, which pulls
down bolts B and C to clamp jaws E.

Multiple Loading

691

The two cams clamp two
parts. The torsion springs hold
the cams in clamp position dur-
ing the clamping operation.

Multiple Loading

When the pin for A and B is distance

i
/¥ A d from centerline' D and C is distance
H N & A 2d from D, the clamping action is equal-
amps i ————— SO ly distributed between the three parts,
am D ) ¥ | f \ 7
n by

A

' i I \ -
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ween ] : i
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692695
692

Each cam has Set screw
a handle position

i

I
CLAMPING
SEGMENT

The set screws are offset from the shaft
of the two cams to allow the cams to- move
the clamps. The cams are not.fastened to
the shaft. The slot for the tongue of A pre-
vents the clamps from turning.
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SQUARE—\
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695 — &0 NIR-

NN 72777

i
! . .
| 1T 4 Ilr>1" Square-headed bolt A fits in a square
' -“ = m M hole to prevent A from turning.
—J H+ L =
HIl bk i HH Multiple Loading

)

Pins and cther items are used to
prevent parts from being incor-
rectly placed in position for clamp-
ing.

| L
| ! | @F
| N

| Pin prevents part being inserted in wrong direction

Mulfiple Loading
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HANDLE —v-]

One handle clamps four parts through the use of LH. and RH.
threads. Note how the clamps are prevented from turning.
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Multiple Loading
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POWER [ V1
SOURCE | /] RACK &
% \ 7/ PINION
PR o
TO CLAMP e

LH. and RH. nut Ais
tates' the pinion on the
acme bolts are keyed to
ing but do move longitu

turned by a racklthat ro-
outside of the nut. The

J:reveni them from turn-
inally.

Mulfiple Loading

699

/ :‘1@1
TN
/ I k j ‘;\ Long bar holds
| \ several springs A.
| \

Duplicate hook-]
on other end
of bar B.

This design may include several flat springs, each holding
a part. Nofe A is held in slot C of B.

Multiple Loading
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| 00 | | _ | 701
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b QUICK §
RELEASE

G
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r— Threaded -

The left-hand cam allows the handle to be tightened in the normal
clockwise manner. The quick release permits rapid full extension of the
clamps to facilitate removal of the parts.

‘ Multiple Loading Multiple Loading
'; 702

‘ 703




704-708

704

The four rollers A equalize eight parts.

705

Multiple Loading

SPHERICAL
WASHER

During the clamping action, B, which is pinned to A, actu-
ates A to clamp position and; through link C, also actuates

clamp D.
Multiple Loading
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Multiple Loading

708

Suitable for rnultiole clamping

FIRE HOSE

ALLOWS HOSE TO BUCKLE/
WHEN AIR PRESSURE IS RELEASED

FASTENING
END OF HOSE

The fire hose can accommodate a number of clamps in
line that may be used to clamp several parts or one part in
several places. The hose automatically equalizes the clamps.

Multiple Loading
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I| | ~Locking key for A
|
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O

I
i - Raise for adjustment of A
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Raising by turning nut A allows the handle to be
placed in the most advantageous position during the
clamping operation

711 Multiple Loading
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Multiple Loading
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B MU o e J
Retaining pin | | | ,
B sy | B =
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Multiple Loading

720

721

Shield
for: spring

Prevents furning
of clarmp

“There are two kinds of discontent in this world: the discontent
Muworks,andthedismntzntthatwringsitskanda.mﬁrs!gﬂa
what it wants, and the second loses what it has. There’s no cure

for the first but success; and there’s no cure at all for the second.”
GORDON GRAHAM




722-724

: TOGGLE LINK CLAMPING

The basic principle used in the design of the vise grip pliers is also used in the design of the
——4— toggle link clamp. Either a rigid or an adjustable stop must be provided in the design of the

1 toggle link clamp to prevent it from uncdlamping. Some toggle clamps have a built-in spring
-, =T to avoid an excessive amount of clamping pressure.

Throughout this group, the clamp link pin of the clamp is labeled A, the hinge or elbow pin is
labeled B (the one to which the power is applied either directly or through additional linkages),

[ and the stationary pin is labeled C.
_ The maximum amount of clamping pressure is created when pin B is on the line connecting

pins A and C. It is a common practice to allow pin B to go slightly beyond the straight line
connecting A and C before stopping it to prevent vibration from creating an unwanted un-
‘ clamping action.

722

ol |

Y, V77777777 )

Force applied to pin B brings pin A of clamp 3 in line with
B and C to create the maximum amount of clamping pres-
sure. Note that B is beyond A and not between A and C as
it is in some of the other toggle link designs. Movement of B
beyond a line connecting A and C initiates an unclamping
action that stop E prevents from taking place. Usually B is
allowed to pass slightly beyond line AC to avoid having vi-
bration loosen the clamp. Two links | and two links 2 provide
symmetry about clamp 3.

_ Toggle Link Clamp (B beyond A, C)
123 ® 724

S—

This clamp is similar to the toggle link clamp used on suitcases.

Toggle Link Clamp (B beyond C, A) Toggle Link Clamp (8 beyond C, A)
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725

Toggle Link Clamp (B beyond C, A)

The spring holds the handle up
when the fixture is unclamped.

726

TORSION SPRING G
A = =

|
I

© \

!
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D NN

8-t
= sTOP
Toggle Link Clamp (B beyond C. A)
7 ~
28 Release ( ‘}
by hand o
Y \?/\\ x
\l
D\ ) \ \5: e
: GRECNC
= ° ;\ N \_‘I'

Catch E prevents vi-
bration from |.osening
the clamp. Note that it is
a different type of stop.

Toggle Link Clamp (B between A and C)
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" Toggle Link Clamp (B beyond A, C) (Shring-Loaded)

The washer springs prevent an excessive amount of
clamping’ pressure when the part is a bit oversized,
Note how other clamps are spring-loaded.

Toggle Link Clamp (B between A and C) (Spring-Loaded)

Toggle Link Clamp
(B between A and C) (Spring-Loaded)

Spring eliminates excessive pres.sm‘e\




735-737

pring-Loaded)

ve amount of
bit oversized.

ed.
(Spring-Loaded)

735

736

In the instances when it is desirable to retract
the clamp a greater distance than usual, an extra
~<—— link G is added. An additional stop is then required
to stop the movement of G in the clamping op-
eration.

737

Toggle Link Clamp (B between A and C) (Double Stop)

%
2

“The man who will use his
skill and constructive
imagination to see how much
he can give for a dollar,
instead of how little he can
give for a dollar, is bound to
succeed.”  HENRY FORD

Toggle Link Clamp (B between'A and C) (Double Stop)
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' Toggle Link Clamp (B between A and C) e !
= A |
l i j A
i
|

of strife. It is only through labor and painful effort,
by grim energy and resolute courage, that we move
on to better things.” THEODORE ROOSE ELT '

’ “The law of worthy life is fundamentally the law /
$ <o/

Toggle Link Clamp (B between A and C)
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746-748

746 747
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Since B does not extend ; 2
slightly beyond a line connect- ! CY
A

\ ing A and C, the power ap- L
\1 plied to B must be maintained STOP :
N\ during the clamping opera- Y
tion.
Toggle Link Clamp (B between A and C) Toggle Link Clamp (B between A and C)

Squeezer against the collet. The collet cannot be allowed to tum. The angle of the actuating
cone varies from 7° to 15°. When the angle is small, there s greater need to uncinch the col-
let from its squeezer by force.

748

The commercial foggle linkage clamp actuates yoke B, which draws
the collet against its squeezer A. Another power source rotates the
collet and the part.
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COLLET
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Collet (External)
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"Aws

handle

The nut actuates the collet. Note the
hardened wear pad A above the nut.

”
For a!fernare\f\
positions of =

Handle operares
n a 60° racial
slot in frame
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Collet (Bxternal)

This collet, which is actuated by a

751

WEAR PAD

3 PINS
Y | R, W
1N NN
~ &E | |H | )
//__, ::ﬁ £ i
/- L f \J | Pin keeps coller
/. b [ from turnipg
I y &
R, I [ —F >
7 4
7
A

|

The three pins force trunnion A and the collet down. Pressure
from the spring uncinches the collet in the unclamping operation.

Collet (External)

drawbar, clamps an odd-shaped part.

Collet (External)

Tighten witha spanner wrench

TR
\\\'#

P

W77

Slots are cut alternately from opposite ends of
the double collet illustrated. A double collet re-
quires two squeezers.

Collet (External)

754

753

The cam draws the collet down. Note the rest in the center for

the part.

Collet (External)
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| RNE f_\ For spanner y
‘B-I-YUW%EE!CH F_ -:1 wrench ’_1 A
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| HALL |
| [ l
1 }-d-
' ] !
} p J | -
q 7 ; Actusted by an eccentric,
I Adjustable the collet is prevented from
| fo suit part turning by key A.
|
| Hi Thrust bearing A reducés friction.
H Note the chip protector on the collet.
|
|
! Collet [External) Collet (External) Collet (External)
11
[lg 758 759
B (1%
N i
f) R
' ]I! 1 Ii 1%
H %
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T V.
For dowe!___l_i"'o CLAMP
! Raising trunnion B actuates squeezer A. Note
’ that B fits in slots A and that it also retracts A.
J ' Collet (External)
"It is no use saying ‘We are doing our best.” You
have got to succeed in doing what is necessary.” A rocker arm is used to actuate the collet.
' WINSTON 8. CHURCHILL
!
Collet (External)
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760
R =~ : 11 Pin fits in 2 of 4 slots 10
l | I| I 'll keep spreader from furning
N T L = ——
N || 1 | rc \_
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The eccentric draws collet A against expander B. clamping the part. [l
The cap screw also serves as an adjustor.
Collet (Internal) Collet (Internal)
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This collet is s
ends. It and the

A is for breaking
collet seal

lotted alternately from :rpoﬂh
ollet in the pictorial to the right

C

are similar in this respect.

Collet (internal)
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764-768

764

(@,

/4

The cam-operated rocker arm forces collet A against expander B.

Note the use of pins C to retract the collet.
Collet (Internal)

 a— |

Raising the expander spreads the
three-piece collet.

Collet (Internal)

766

Collet can be
expanded fo
accommodate

Slots of collet
alfernate from
opposite ends ~

———— \*

N Arckback
for collet

¥ For end of
N keyway

Fill siots with
soft rubber 1o
to keep out chips

- Prevents the
machinng from
= ?‘Urﬂ;'ng collet
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This double expander collet has slots cut from both ends.

Collet (Internal)
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A forces collet B down against expander D. C
prevents the collet from turning. E, which is pinned
to the bolf, raises A in the unclamping operation.
Note the slots on both the inside and the outside
of the collet.

Collet (Internal)
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A (Keeps machining from turning €] I
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This is a simplified collet in that split ring C acts as Link A enables the eccentric not only to clamp the col-
a collet. let but also to unclamp it.
Collet (Internal) Collet (Internal)

Chucks take many forms. Actuated by gears, cams, springs, drawbars, or racks and pin-
ions, they clamp internally as well as externally. The jaws move horizontally, on the incline,
or may swing out of the way.

771 772

3 POSITIONERS 3 JAwS

/ H
Y, P Pl

NN
G ame I,

The three positioners are out of phase with the three
jaws by 60°

Chuck

The +wo narrow surfaces A of jaw B move along pin

C #o-reduce friction
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3 PREPOSITION

FINGERS

\J

force N

eqins.

retract.

Spring J actuates M, which is fastened to sleeve N, to

down, thereby. rotating to a vertical position via

ink O one of the three fingers K that pre-position the part.
The other fingers are similarly rotated. After the part is
Eiaced upon the three fingers, the clamping operation

When B is pulled down, expander C spreads the three
equalized jaws A. As C is ulled down by B, it, in turn, via
Balleville washer springs D, forces expander H to spread
the three equalized jaws G. After the six jaws have clamped
the part, N is forced up. N, via the three links O, rotates
the three pre-positioning fingers K outward horizontally,
leaving the underside of the part free to be machined.

Note how the six jaws are retracted. Also note that the
screw that holds in place bases E of the retracting s rings
for jaws G also serves as a set screw for expander 8

In the unclamping operation, sleeve P strikes expander H,
raises it, and, via spring D, raises C, sllowing the six jaws to
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When D is raised, the twelve pins
C raise squeezer B, which causes
the six jaws A to clamp the part. Six
springs retract the jaws.

ntally,
ad.

at the
prings
ler H,
ws to

A W

Z nlinn A\
Ay
K :

The six springs on the smaller
of the two circles are offset
relative to the twelve springs
on the larger circle. The eigh-
teen springs force piston D
down, and it, via cap screws E,
pulls down A, which forces ex-

ander C t6 expand the col-
et. Air pressure provides the
power to unclamp the unit.
Adjustment of the chuck by
the three set screws E ensures
that the chuck and the me-
chine are concentric.

TO cLamPpP T

Chuck
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| UNCLAMP
POSITION AIR PRESSURE TO RELEASE COLLET

_‘ Chuck
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The flat spring holds the jaw against
B at all times and raises and lowers the
jaw. C facilitates removal of chips

1 s T (I |

| T

|

H
-

t
A is a chute for chip removal

Chuck
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Ornly one sfop 4

Positioners A locate the part approxi-
mately. K and fingers C position the part
for clamping. In the unclamping opera-
tion, O pulls down N, which, in turn, re-
tracts M (and K] and the two pins L.
Pins L. move F, which allows the two jaws
B to retract. F also strikes kickback E,
which causes D to retratt the two fin-
gers C. Positioners A and C are at right
angles to the two jaws B.
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This side drawn
90° out of pos/tion

o007 \

o 1

[LIO = O e

\\\

Positioners B locate the part ap-

groximafeiy before it is clamped.
wo pre-position fingers, one of

which is shown, posifion the part
vertically. In the unclamping opera-
tion, F causes D to retract pre-posi-

tion fingers A as G causes E to
move jaws C outward. The two jaws
face each other as do positioners
B and A: The jaws and the position-
ers are at right angles to each other.

NN

et

GRIND

For use in a chuck

SPRING STEEL

The jaws clamp against the springs, which
fit between gear teeth.

Chuck
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“FLOATING PLATE

This unit is attached to a commercial two-jaw chuck.
Stirrup A remains stationary, but C and D move in
| and out. When the lower ends of jaws E and F strike

floating plate B, it forces the jaws to clamp.

| Chuck
: 787
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For ad/ustrment

The grinding chuck can be adjusted to center the part. B
Chuck
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The hollow drawbar accommodates a long -part.
Cam C spreads the three rocker arms B that actuate
the three jaws A to move horizontally.

“The outstanding leaders of -
every age are those who set up
their own quotas and constantly
exceed them.”

THOMAS J. WATSON

“The more a man gives of
himself to his work, the more he
will get out of it, both in wages .
and satisfaction.”  J. T. MACKEY

Chuck
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The pin and the spring-loaded plunger hold A in
place before the drawbar is pulled down in the clamp-
ing operation. The set screw prevents B from turning
while the part is being machined. A is removed in the
unclamping operation.

Chuck
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CHUCK JAWS

i 793

These jaws for a commercial three-jaw chuck
are designed to hold an irreqular-shaped part. LS

| 794 795

This design can be used when the jaws do not retract far
enough to clear the part.

Chuck Jaws Chuck Jaws




e —

— "

S J—

&S BARS|

1
z

When the three jaws of a chuck cannot
be retracted for enough to clear the part,
this design can be utilized. The retraction
of jaw A crerrnﬂs supplementary jaw B to

Equalizer pin ond hole
be moved far enough to the left to dis-
engage the keyway of B from 4ongue C
of A in order that B may be rotated up-
ward, thereby clearing the part for re-
moval. Only one of the three chuck jaws
requires a supplementary jaw.

Chuck Jaws Chuck Jaws

These jaws for a commercial three-jaw chuck are designed to hold
an irreqular-shaped part,

DIAPHRAGM CLAMPING

A diaphragm chuck is based on the principle that a thin plate may be forced to become
dish-shaped. The plate (called @ diaphragm) is round. ts outer rim, which is thicker than the
diaphragm, is fastened fo the body.

Force applied tofhocentercfl’heplafemusesiftolukerheﬂ')apeofudish. The patt is
then inserted between the jaws and the force actuating the diaphragm is removed, allowing
the now prestressed jaws to clamp the part firmly. Reapplication of force to the diaphragm
unclamps the jaws, freeing the part.

798

L3

The eccentric causes the diaphragm to dish
Y { downward and to actuate the jaws to clamp the
LT part on the bore of the diaphragm at A. B controls

the extent to which the diaphragm can be dished.
_.l/é//d/ .

\'q

NY/

ECCENTRIC
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799

3 CLAMPS 120" APART E

A limits the extent to which the diaphragm actuating the
prestressed jaws can be dished.

Diaphragm

of A

When B is pulled down, the diaphragm is dished
downward, collapsing the six prestressed jaws A,
The pin prevents B from turning. The extent to
which the diaphragm can be dished is limited by C.

Diaphragm

The cam causes the diaphragm to dish and to
spread the nine prestressed jaws. The cylindrical

portion of the shaft is the cam.

=2

Shown in
wriclarmp

position
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802

SPRING STEEL
DIAPHRAGM—,

Instructions on the drawing give the fol-
lowing directions on how to prestress the
collet.

Expand collet A 010 on the diameter.
Solder the slots of the collet and grind taper
1o fit expander B with diaphragm C deflected
019. Deflect diaphragm C by inserting screw
at D, then grind collet A to size, and concen-
tric, and square with surfaces X, Y, Z. E limits
the extent to which the diaphragm can be
dished.

~
L
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803
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HEX. HOLE—,

When B raises the diaphragm, the jaws are ac-
tuated to clamp the bore of the part on the
riphery of the diaphragm at A. The four rubber
pads dampen the vibration of the thin part.

Diaphragm

804

= The drawbar forces the diaphragm fo dish

i downward, thereby clamping the part on the
periphery of the bore of the diaphragm at A.
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Diaphragm

Turning screw D moves B and raises
C. which dishes diaphragm A upward,
clamping the part internally. This chuck

807

QLY

.
P& 3 PINS| | / TLa
//, Holes for remov-}
// al by fingers
“ C \I-\
/, NN\ |
||
/;:/ L] For two
(// AE % lengths of
& 4 3 M 1 parts

/.

==y
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_f TO UNCLAMP

Pins A unclamp the prestressed jaws. When the
longer of the two parts the chuck accommodates
is positioned for machining, B is replaced with an-.
o‘rﬁar part that guides the three pins and allows
the longer part fo pass threugh to C.

Diaphragm

T SLOTS FORl EXPANSION
™, 3 |

Turn by wrench A\ is designed for the part that must be
VT TG TTTT ST, 7\ rotated during the machining process.
L — /;’
p e N B -
8 | i / \‘\_‘ :\
b ?’éé‘: T TS N \\\\\\
vy < fl N N, Y
y-
// — g
. 4
+

‘\ o~ P

_1"7 DIAPHRAGM
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LAY
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270727722

1 TO OPEN

When force is arplied to C, the eight pins B force A to

raise the center o

the diaphragm, thereby spreading the

eight prestressed jaws.

Diaphragm

=AY

As the drawbar

phragm actuates #

lls the diaphragm to the left, the dia-
eight jaws to clamp the part.

Diaphragm

809
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! 809-811
BB and raises An automatic clamp is held in clamping position by mechanical means when the clamping
EIT; ?hip:‘hﬂufg{ power source fails. The provision of an alternate source of power avoids the continued ma-
- that must be ! chining of a part that is no longer clamped and the resultant damage.

lining process. Strong springs, toggle linkages, cone locks, wrench-pressured oil, prestressed diaphragm clamps,

small angle wedge cams, or spring-loaded collets or chucks are the mechanical means of holding
automatic clamps. Frequently stops are added to prevent damage to the fixture in the event no
part is in place during the clamping operation.

‘ 809 810

Hexagonal for repiacing of collet
\.

- V5 I s
] r/-E,
4 /| Hexagona/
7 A for end wrench
Y A1 I Q when unclamp-
8 -z /g of collet
e ——— A 174 Ml h // ,p -'/
== Yoo com does =" = - N W K
—— : . Te unclam %
\ = == — | the unclamping =0 e /4 1 \
V7757777 NS ZNHNZ c
'/// Py / S A 4 p + \-‘.'-. .
Strong spring does A NN CE
+ the clgmping \
N\
X o
DIAPHRAGM ! Automatic Clamp (Cam) N\
8l /)
4 e
\
2 % 7 4
=11 7 }
UL ) // /4.1
| T ) ;

Screwing nut C down onto rocker arm D forces E to raise
spring-loaded collet A, thereby unclamping it. This design
can accommodate a succession of different parts because
the hexagenal socket facilitates the replacement of the col-

s B force A to let with one suitable for a different part.

spreading the Automatic Clamp (External Collet)
R /,
N, \ N
77 7ZZLILZ
[t L
[k { iNlNs

The chain drive rotates the
spring - loaded collet. The
handle unclamps the collet.

the dia- '
' ‘ Automatic Clamp (Rotating External Collet)
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¥l Eccentric for unclamping

ANNNNNRNET

The two eccentrics of shaft B raise the two arms A that
raise the two spring-loaded clamps in the unclamping op-

eration. A pomatic Clamp (External Pull Down)

Pressure from the spring on the pins
compresses the oil, causing the thin sec-
THIN K7 4 /-"' / / e tion to clamp the part.

\i.\fT 5
I

L (/se of wrench releases
pressure on ofl

Automatic Clamp (External)

819

\~—A cam does the

unclamping
L =

{i
|

I

A strong spring
does the clamping

Automatic Clamp(External Equalizing) Automatic Clamp (External)
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823

/

/

L, com does the @c:’ampf}‘fg
Automatic Clamp (External Equalizing)

\FLOATING CAM

| Keeps B, from
» rurning

Strong spring does the clamping ~

824

UNCLAMP CLAMP
RAM RAM

825

Remowvable handie —.

/ /S k] i Spring
(L LT L L clamp

The handle - actuated cam unclamps the spring-

loaded clamps.

Automatic Clamp (External Equalizing)

Ram E turns pinion C, which through shaft B rotates the
cam, thereby raising post A that forces rocker arm F to ac-
tuate the clamps. The uclamping ram is spring-loaded to
prevent vibration from causing unclamping action.

Automatic Clamp (External)
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826

~——uncLame I W T

‘o D

Ram C rotates pinion A, which causes rack E to actuate
the two clamp posts. After the part is clamped, the slip-
page of A occurs, causing cone B to lock.

Automatic Clamp (External Swing)

the
ac-
to

827

Ram clamp B rotates pinion A and cam D. forcing E down
as rocker arm F draws down clamp posts G and H. During
the unclamping operation, cam D raises E and, in turn, clamp
posts G and H. The unclamping ram is spring-loadéd to pre-
vent vibration from causing unclamping action.

Shppage of A
created by
helical rack
arnd pinion of
A couses cone
8 fo lock.

Top
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| l D Ay L
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{JJ T Rivht Side

Automatic Clamp (External Swing)
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Automatic Clamp (External Swing)
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i A 1o cLamp ‘\ [ YT\ JI ff : Automatic Clamp (External Swing)
| \
Ll i /
"l | ll A !_ | B /
il 1
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i = ; - %3, When the fixture is unclamped, ¢
! = o | L clamp A swings away from the part <
| ! DA I g and actuates pin C to swing clamp
TROLLER . ; - B away. D slides.into E as the spring
| \\ compresses. .
LY - - +
o7
TO UNCLAMP

Automatic Clamp (External Swing)
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RINGS

| Swing)

s unclamped,
from the part
3 swing clamp
- a5 the spring

Swing )

832
3 clarmps 120° gpart
A cam actuates the un-
clamping action in this design.
Bolt B prevents damage to fie
clamps if there is no part in
the fixture during the clamping
ofarﬂtion. Adjusting spring 2
changes the amount ot clamp-
ing pressure.
lro UNCLAMP J
= !
\| e
/1 I I B
74 s hits
P L ia
“Cam operated J
o unclamp
Automatic Clamp (External Swing)
833 834
LA rong sori
- ?rl/ / 57 spring does the clampingz
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Automatic Clamp (Internal)
TO UNCLAMP T ; g‘\- Operafed by a cam
Limits movement of A ' B :
clamp when uniloaded | Strong spring does
but not unclamped | «the clamping
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Automatic Clamp [Internal)
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Slots and C keep
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g dogs . F from turning

/ unclamping
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TO UNCLAMP

|
A
i
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Automatic Clamp
1l (Internal Pull Down)

' { 837 g e o e

‘ Cam B forces C to retract spring-
| loaded expander A, thereby allow- r— .
‘ ing the three jaws to be retracted ,

I

by a garter spring. A is prevented
from turning by pin D.

CAM UNCLAMPS

——r Relief reduces friction
Automatic Clamp (Internal) Automatic Clamp (Underneath)
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M For wrench furning of eccentric fo
release load on collet
Automatic Clamp (Infernal Collet!
839

Clamp (Underneath)

EXPANDING
COLLET

12 SLOTS

1
| ' CLAMPS ON
| CHAMFER

b—--—

FORCE

Automatic Clamp (Collet)

— ‘ —. T*ro UNCLAMP

84|

Six springs raise squeez-
er C. which forces collet

A to clamp. W

forced down on the six
pins D, the squeezer is

retracted.

hen B is

[ 840

CAM UNCLAMPS

Automatic Clamp (Infernal Collet)
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To release
collet
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Automatic Clamp (External Collet)
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! \ 1ill/0 In the clamping operation, the move-
. e | e = _/_‘ ment of cam B away from A allows the
—1 5] N collet's springs to clamp the collet, Cam
\ C actuates ciamp D. In the unclamping
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||;-I Cam B clamps and its small clamp angle locks the four clamp posts. Rocker
i arm G applies force to two other rocker arms, H and J, and equalizes them.
H. in turn, equalizes and pulls down two clamp posts as does J. In the unclamp-
ing operafion, cam B raises A, which raises all four clamp posts.
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EIE L,
S .

: ' 850

Automatic Clamp (Toggle Link)
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Turning N with a wrench actuates pinion F and gear C. Gear C ro-
tates rocker arm K, which causes the springs on shaft J fo rotate arms
A and G. The shafts of A and G actuate cams which, in turn, actuate
the clamps. Note how shaft J allows the springs to prevent an exces-

sive amount of clamping pressure. OM.P is the toggle linkage.

Automatic Clamp [Spring-Loaded Toggle Link)
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Automatic Clamp
(Spring-Loaded Toggle Link)

A cam holds the toggle link in clamping position
until the unclamping action begins. The two spring-
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Automatic Clamp (Spring-Loaded Toggle Link)
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In the clamping operation, cam A of post C
moves and locks iencf(> B while E raises and locks
jack D. In the unclampin operation, A moves up-
ward, unclamping B, and cam G forces Fof Ete
unclamp D. Note the three airvents.

Automatic Clamp (Double Jack)
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Automatic Clamp (Toe and Pusher]

Wedge cam B raises and its small clar p angle
locks clamp post A. Spring-loaded cam C ac-
tuates and locks pusher D. The pin limits the up-
ward movement of A and prevents C from turning.
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Cam A actuates and locks cams B and C, which, in turn,
chuaia jaws D and E. F and G are retracting cams for D and

Automatic Clamp (Vise Type)
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Ram A rotates pinion F, which forces the
two gears E and the acme threads to actuate
the two pair of vise jaws horizontally. Ram B
reverses this action. Because B is spring-
loaded, it prevents vibration from causing

unclamping action.

Automatic Clamp (Vise Type)
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B stops cam A when there is no part in the fixture.

Automatic Clamp (Pusher)

The clarn*ﬁing ram, through
B. rotates the cam to move C
the part. The unclamping ra
it is springoaded to prevent
ing unclamping action.
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The strong spring forces cam C +o
move clamp A to clamping position.
Clamp B is similarly moved. Cam E

@ W Urclomped
/

U
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Pin A reduces friction.
Automatic Clamp (Pusher)
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G As clamping action takes place, spring E moves
e D to actuate rocker arm A, which, in turn, actuates !

| cam B. Cam B causes F to'force C to clamp the
part. G prevents damage to the clamp if there

I Y I% is no part in place during the clamping operation.
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_ During the unclamping ac-
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“The man who reaches the top
is the one who is not content
with doing just what is required

of him. He does more.”
EDWARD H. HARRIMAN
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Spring end is screwed
onfo threaded end

of shaft A.

/

/ : y
“A caom moves F for unclamping

Automatic Clamp (Toe)
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Strong spring does the clamping—"

B.

The spring clamps C through its pull
on A and clamps D through its pull on
pin B, which-is pinned to D. Unclamping
sleeve E has a slot o accommodate pin
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Automatic Clamp (Centering)
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The two T-slot cams of B move the
rods C that actuate the clamps. The 7°
angle of the cams locks the clamps.
Naote the design of equalizer A.
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Automatic Clamp (Centering)
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In many instances a_part Tequires support (or jacking up) after it is clamped fo prevent its
being distorted or vibrated during the machining process which would cause inaccuracies in
the machined part Often a jack is designed to function as @ spring-loaded button while the

_part is being loaded and as a jatk after the part is clamped. Some jacks have force other
than, or in addition to, a spring applied to them before they are locked. Usually a retracting
device for the jack is included in the design.
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KICKBACK ¥ N For holding jack in
\_”_\_" ' pull back position
L - y \ v
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L_’io}'rhg /s the raising force 'é A
Note how the movement of the handle is controlled by The flats on opposite sides of the jack post fit in a groove in
the pin in a groove. If the kickback pin were to rotate more the cam to ptevent the jack post from turning. After the han-
than 1B0P, it would permit ciamping action fo be reinitiated. dle is pulled back and turned, it catches on A as indicated.
Jack Jack
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As lock A is retracted, B actuates C to lower the jack.

Jack
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Pull outward on handle and turn fo hold B in
unclamp position. Release and spring wi/l sngp
8 to /ts wedge position.
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Sometimes it is inconvenient to jack a part
directly. Because jack post C and cam A are
necessarily offset, an intermediate cam B is
needed. Axial movement of the screw is pre-

vented by D.
Jack
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As A is rotated counterclockwise, B raises, freeing lock C; and
pinion F moves rack E to refract jack D.

Jack
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A Toggle Linkage Lock

Jack
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! ZA"O’dS excessive clamping This jack is designed to reduce the
amount of vibration produced when a

|

’ Jack thin part is machined. No-force other
‘ 888 889 than that of the spring is applied to the
5

|

|

jack.

Jack
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It is not advisable to have the jack
twist against the part as the part is
raised. Turning nut B by hand raises
A but A is prevented from rotating
by a pin in a slot.

Jack Jack

To hold handle
! up when operared
in a vertical plane

| 89|
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' %

Before jack post A is clamped by the
cam, spring C lowers D, and spring B
raisas A, allowing A to act as a spring-
loaded button. As jack post A is
clamped, the cam raises D, which, in turn,
forces A at shoulder G to rigidly support
the part.

& Jack Jack
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This design illustrates L-slot movement of a jack
post.
/ Cam B forces lock C 1o lock jack
4 U T P Tzos? A. Later D retracts the spring-
1 S oaded jack. Jack
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! N NN ; Observe the eccentric cam jacking force.

"*=4° IN PINCH
POSITION

. o B)
Note the use of the pin and the flat to keep the cam from

tu rning.
Jack Jack

I Jacks with Built-in Lock

I 901

| | Prevents A& B

! from turning \.\
| ' Flats C prevent screw B, which fits into
! \ [ K =g a slot of D, from turning. Lock A is |
' [ [ AN ‘h clamped by the handle. The two dowsl
1 N | ? Bl pins allow the handle to rotate. After E
| , \ N | \3 is raised in the unclamping operation, it
A Ny N strikes F and retracts G.
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/g 7/
‘N~ / 7/ 7/ ~Retracting
pin

Jack with Buittin Lock

After the handle is pulled to raise the
jack post, it is turned to allow expander
A to lock the collet.

LOCKING

|
|.[ Jack with Built-in Lock
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The two jack posts are locked simul- .
taneously. Note that two cdp screws r'
limit the free movement of the jack posts. '
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j Fm= Each of the two springs holds a jack post [
.II lock in position.
NDhe-= IR [~
i) — Ry
N\ LA |
EQUALIZER- o v In UNCLAMP POSITION N\ ifﬁmﬁﬁh}d : |
Jack with Builtin Lock \Q ‘Egi[df }'!M' hr— !
o 5 0L
905 - = 906 \s\ _._.__-\‘\\rjﬂ - |
i SEC. AA N\\\\ -\' |
] / / / Tl ~ \\\\:\\\\\ f ;
/ / ' & o | '\\.\ \\\_'\
=7  Hp N
:j; S AVTNY NN
E | % / A N
X /T\\ - ) x \\\‘\ X
= =) \ L
AR CYL._ __!:—PI 8 :_ __:‘:_?\ D ! i
u [+ ~ Y //
. 7
b AN F— = n e |
7000 | S /A
’//// /'//’/f/,"-_/ /'/'///// / k\\\ ﬁi\—- = "/j" LN
. #1 COLLET- #2 COLLET -.-l -
STRONG SPRING LIFTS JACK ;: % | s ) T S
£ =} . | CTIl d UNCLAM
Expander B spreads #1 collat which, in turn, expands #2 ccl- A/ o X/ "//,/ \”‘ ! Q
let, thereby clamping the cam. B moves the cam to the right to 4 \%\\\\\\\ D lx
retract it.
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ax Spring F forces cam B tfo raise jack post A h
7 7 which functions in a T-slot of B. Then E moves
/ | V/ squeezer D to squeeze .collet C, clamping !
L [ cam B in position. During the unclamping op-
| eration, E retracts squeezer D, pin G retracts
cam B, and cam B retracts A.
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/ / / Pushing the handle actuates cam Cto |
/ / raise B. Then the handle is turned, locking
) pins A against the sides of the groove.
Note that pin D limits the movement of
Jack with Builtin Lock the cam. |
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Jack with Builtin Lock
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Spring-loaded rocker arm B actuates cam C and Portion fo /
cam D of A to force the two jack posts into posi- left of Fis covered by a plate =

tign."Cam E moves cap screw F to retract the jack
posts.

The spring holds cam B in locking position until the air cyl-
inder retracts B to the left. Retraction of cam 3 of B pulls
down A.

Jack with Builtin Lock Jack with Built-in Lock
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3 Woodruff keys 120° aport
Cylindrical grind in ass embly -

==

After the handle is pushed to
raise the jack post, it is turned to
spread the three woodruff locking
keys. Pulling the handle retracts the
cam.

Jack with Built-in Lock

JACKS (DOUBLE)
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Two jack posts are locked simultaneously
by an equalizing toggle linkage.

Jack (Double)

" d

\__ <

-

As shaft E is turned in the clamping opera-
tion, its pinion F moves.D via a rack to free
the two spring-loaded jack posts C. Then cam
A actuates the two locks B-to lock the posts.
A is prevented from turning by the set screw.
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Slippage of the ratchet of B and C prevents the jacks from
becoming overloaded. Adjusting screw A changes the
amount of pressure applied by spring D to the ratchet.

~

) RATCHET

The sprinm—loeded cam locks the two
jack posts that operate in opposite di
rections. The posts function in T-slots of
the cam.

Keying cam A with a set screw prevents the
bolt ta which A is pinned from turning.
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Jacks (Double Equalizing)

When jacks support a part in two or more places, which happens frequently, the jacks must be
equalized because the surface or surfaces they support are urfinished.
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Endplay equalizes the two jack posts. Helical racks and pinions with opposite-hand
helices are needed. When one post is firm, its mating pinion will slide along its rack
in the direction of the ather post. The opposite helical pinion will cause the other jack
post to raise until both posts are firm.
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Cam A and cam B are both spring-loaded. When E is is unclamped, E pushes cam B at F, and G pushes cam A at
pulled to the right, nuts J and K force the springs to move A H. lowering the jack posts.
and B, both of which then raise the jack posts. When the unit
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After the part is in place, piston C causes

the two spring-loaded

jack posts, A and B, to

Jack (Equalizing Double)

be locked.

Jack (Equalizing Double)
925 Orawn out of position
Dead weight forecreating shock for tight ’
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Jack (Equalizing Double)

This is an equalized four-post jack. See Equalizsr_s
category for an enlarged drawing of the equalizér.
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After the part is located, piston F actuates a toggle link-
age to lock spring-loaded jacks D and E in place.

Jack (Equalizing Double)

The small three-jaw chuck uses balls (sometimes their
path is circuitous) to equalize three jacks. An alter:
native to the use of the balls is the use of oil.

Jack (Equalizing Double)

Jacks Equalizing

Jack (Equalizing)

tracts it. Note the frequent use ot airvents.

Jack (Equalizing)

A locks the spring-loaded jack post and B re-

|
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and B re-
rents.
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Each half of the jack post is
spring-loaded and each is locked
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Jack (Equaliziag)

ALTERNATE USE
Chaonged direction of inclined
E surfaces with A and E in line
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Locks B and F are identical in
design. B, via lock H of B, locks
jack post A, and F locks jack
post E. Link G is an equalizer
for F and B. As the unit is un-
clamped, spring-loaded jack
post A is retracted by cam C
of B, and spring-loaded E is
similarly retracted.

Jack (Equalizing)

JACKS (LEVELING)

A leveling jack functions as an equalizer. It is not used to jack up a part.
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Jack (Leveling)

A

This four-point leveling jack
has two pair of leveling jacks
equalized by a rocker arm.

Jack (Leveling)

Jack (Leveling)

POWER SOURCES FOR CLAMP POSTS

Since many different types of power sources are illustrated throughout this book, this category
presents only special heavy duty power sources, primarily of the cam type.

(939

CLAMP POST
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- = A
E -_a
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force must be applied to A.

In this pull down clamp post, cam A must be designed to fit the
bore in which it slides, Because thé roller reduces friction, continued

Power Source for Clamp Post
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~CLAMP POST

r

-
I

1
Bottormn view

Place cams A on other side of
pin to pull down on shafl.

Power Source for Clamp Post
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The power source of this design is a strong
spring that actuates via the pinion either a
clamp post that has a rack on it or & wedge
cam, illustrated elsewhere in this category.
An air cylinder applied at C unclamps the
clamping action created by the spring.

The following instructions are given on the
original drawing.

The spring is so strong that it would shoot
D and E out as if they were missiles if the cap
screws of E were removed without providing’
some other means of controlling the spring.
To assemble or disassemble the spring, insert
a long threaded rod through D and screw it
into A. Nuts on the lower end of the rod may
be turned slowly to reduce the compression’
after the cap screws for E'are removed. The
rod should be prevented from becoming un-
screwed from A during the disassembling
operation.

Power Source for Clamp Post

941-942

As shaft G is rotated clockwise (from top view
viewpoint], two lugs of G that fit in mating re-
cesses of C and H (see Section BB) cause H and
C., which is fastened to H, to rotate. As C rotates,
its acme threads raise ring D and the two clamp
posts A. Key F, which is fastened to C (see Sec-
tion AA), moves in the groove of E, pulling down
spring-loaded internal clamp post B.

-
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POWER SOURCELQ

.

RACK &
PINION

PINION

Power Source for Clamp Post

The power source operates verti-
cally with its rack transferring its
power to a pinion and to a shaft
that has another pinion on it The
larger pinion moves a cam horizon-
tally. See Walking Strap Clamps
category for an application of this
design.

FOR WRENCH TURNING —

CLAMP POST\ﬂ/-\
TO CLAMP
e

[ A |

S

—
Space /s for hammer
oction fo break seal

|

LAMP
IRECTION

Measurement d must be large enough to allow cam A to pass
through the groove of the clamp post as they are assembled
when they are in their bores. A spring is used to raise the clamp

post.

Power Source for Clamp Post

A and B should have endmilled grooves and set
screws to prevent them from turning.

Power Source for Clamp Post
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CLAMP POST

i N
TO cLamP | ! i

4

/R.H. ACME

L L.H. HELIX

1
]

In this'design of a clamp post
that is raised to actuate clamp-

I
1l
LLii

ing action, the post turns only
when a cam swings the clamp
attached to the post.

Power Source for Clamp Post
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This is a pull down clamp post. A is
fastened to the frame. C and D are the
clamping cam surfaces.

—Clamp cam
DEVELOPMENT 2X SIZE

CLAMP POST\F’ |

I
|
|
I
{ |
|

HANDLE WU

el 8

UNCLAMPED

Power Source for Clamp Post

948

TO RAISE JACK
y OR TO CLAMP

The T-slot design of the cam is
used to retract the post.

949 1

Dimensions d and di must
mate if the post is to fit in the
retracting portion of the cam
groove.

TO RAISE JACK
OR TO CLAMP




950-952

950
Prn retracts clamp post

Int
H

The 7° angle is the clamping angle and the 45°
angle the retracting angle for the clamp post.
Note the retracting pin and its groove. The sec-
tioned area A of the post fits in area B during re-

traction.
CLAMP D‘OST\ -
Cam operated
for unclamping —
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Power Source for Clamp Post

!‘ /l-\ ) Space A allows the cam and the clamp
I . 4 post to be assembled when they are in
\J their bores.
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TO RAISE JACK
OR TO CLAMP
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Power Source for Clamp Post

=

[CLAMP
POST

Refracting cam

This is a pull down clamp rosf. Note that surface
A on the clamping cam is larger than the surface

on the retracting cam. To design a clamp post that
raises, merely slope the cam in the alternate direc- ~
tion and put surface A on top. /’W

—_—
TO CLAMP
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INDEXING

In the simpler indexing operations, the table is usually turned by hand or by a separate handle.
When the operations become more involved and a number of positions are indexed, the table is
turned and the indexing performed i
ation, performed as needed.

n one operation. Table clamping is normally a separate oper-

953

Retracts

7o rotate table
and index plate

7o re/ease index
and plunger

rRofating fable

\O\NOOOSNTT. ! NN
NN 0 1 s NN
Plunger 3 :
retfracted i 7 | :
- r A | F xClearance /] G
i, [ | | /
I
e o~ \ 1 1 I / D
D E ﬁ
[
Win

Handle G rotates freely about shaft F of the table to
which index plate A and ratchet D are fastened. When han-
dle G is moved counterclockwise, cam B, which is attached
to it, refracts plunger C, and catch E drops into the next
ratchet notch, as shown in the illustration.

As handle G is moved clockwise, it rotates ratchet D, index
plate A, and the rofating table. Cam B releases plunger C

allowing it to ride on the periphery of A until it drops into
socket 2.




ge next

@ ratchet notch
To mowve

index plate

Index

-_f"'“—-..__ ¥
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Pin for refracting

the plunger

H slides independently of shaft G. Index plate
E. ratchet D, and a rotating table are fastened to
shaft G. When handle F is moved counterclock-
wise [top view position], the cam strikes pin B of
plunger A and retracts the plunger, allowing catch
C to drop into the next notch of ratchet D.

As handle F is turned clockwise, the cam leaves
pin B, thereby allowing plunger A to ride on the
periphery of index plate E until it drops into socket
2. Turning the handle clockwise also moves index
plate E, ratchet D, shaft G, and a rotating table
[not shown). The point of catch C should not be
in the corner of the ratchet when the plunger is
in the socket.

e I
I
&l

45

\B moves freely of Cand E

The handle is pulled out and moved counter-
clockwise until its pin engages the next notch of
ratchet E, which is Eolfad to index plate C. Simul-
taneously, cam B, which is welded to F'of the han-
dle. strikes pin D and disengages the plunger.

As the handle is rotated clockwise, the cam frees
the plunger, allowing it to ride on the periphery of
C until it drops into socket 2. Ratchet E is part of
shaft G to which index C and a rotating table are
attached.
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956-957

956
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When handle G is turned clockwise, cam
E strikes roller D of plunger C, retracting it,
and spring-loaded ratchet catch F engages
the next ratchet notch. The handle is then re-
versed, rotating table A until the now re-
leased plunger C drops into the next index
socket of B. Index plate B and the ratchet are
fastened to table A. Handle G rotates freely
about shaft H.

9

957

Cam A, which is welded to handle C, ro-
tates freely about index plate B which also
serves as the ratchet. When handle C is moved
counterclockwise, light springloaded catch
D retracts from socket |, and cam A strikes
pin F of plunger E, thereby disengaging the
plunger. q’hen D drops intb socket 2.

As handle C is rotated clockwise, cam A
moves away from pin F, allowing plunger E
to ride on the periphery of index plate B until
it engages socket 7. B and the rotating table
(not shown) move simultaneously; both are
fastened to shaft G. A rotates freely about B.

To disengoge
plunger

Com retracts
p}unger

STOP

Index




—Cam refrac’s
plunger |

+ |Cleara. xe i

Handle B and its cam are inde-
pendent of index plate D although
both rotate about the same shaft
post (not shown). As handle B is
moved clockwise, its cam disen-
gages plunger A. Catch C drops
into socket 2.

When handle B is turned counter-
clockwise, the catch moves index
plate D, and the cam releases plung-
er A, allowing it to ride on the pe-
riphery of D until it engages socket
6. As the index plate is moved, the
shaft and the rotating table (not
shownl are rotated. Provision
should be made for a small clear-
ance for the catch when the plunger
is in place, as shown in the drawing.

Pushing down the handle, which is pinned fo plate C, raises
plate C and plunger D. As the handle is pushed sideways,
D engages ancther of the plunger’s slots. The two springs
via G hold bushing plate C down firmly.
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Index

As D is pushed down, plunger C is retracted and
E of D raises clamp post A, thereby unclamping
table B. The table is rotated by hand. When D is
released, the plunger engages the table, and the
strong springs firmly clamp the table. Positioning
pins should be provided for the part because it
is not clamped during the reindexing operation.

964

SPHERICAL ‘C" WASHER
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—— ~INDEX PLATE

L

S

PITTITITITY

NN

=3,
-

NN\

7]

% )

Adjust in assernbly fo

002 to 005 clecrance
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The indexing is clamped by caj
screw A, Unscrewing A allows kno
C to be pulled to the right and be
reindexed.
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4 and
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D is 7

d the /

ening /
use it
tion.

Air pressure is ysed to Iift heovy

indexing fixtures for easier turn-

ing. Lift /s about two thousandths, !
|

In this three-position index, the handle of the '
plunger rotates the index plate and the part. I

Index Index |
968 '

As the handle, which is attached to A, is turned clockwise
(from the left side view position), cam L strikes pin G and |
retracts plunger H. Then catch C, pinned to A, drops into
ratchet notch 2. Reversing the direction of the handle ro-
tates, via ratchet D, E and index plate J until plunger H
drops into the next index socket. Knob K causes expander F
to spread the collet.
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As A is ﬁushed down, plunger B _
is retracted, allowing D to' rotate 77
index plate C to the next indexing [ SEE—
position.

Grooves for

locking key F LOCKING
KEY

C_——  When the opening of A is cen-

tered about the heﬂgof D, indexing
chuck jaw C is moved to the right
by the spring. With its grooves free
o(ﬂm locking key of B, C can be ro-
tated to another indexing position.
Spring plunger E fits in the indexing
grooves. Pushing C to the left al-
lows A to be moved horizontally to
lock the head of D, thereby holding
Cin locked position.

\—/

This fixture drills three holes.
Only when it is not necessary
to locate the holes accurately
should detent A be used.




972-973
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Handle M rotates shaft H and its three
eccentrics, J, K, and L. Each eccentric
actuates a link (see detail of H), links C
and D moving half clamp A, and link E
moving half clamp B. Observe in the
left side view how B clamps the table.

Bolt N may be used to adjust the amount
of clamping pressure. cH
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When the air pressure raises C, cone 7 P YIIIE Y ——— O e S dl
= F forces the balls inward, drawing down V' /S /”/' ) 4 / A !
bolt A and firmly clamping the table. V. A ¢ A SF S S S S !
During the unclamping action, the air '/,-_/// / A S A A7
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An eccentric pulls down the

Table Clamp

ECCENTRICA

SECTION BB

When the handle is turned clockwise. plunger
G is raised by eccentric. pin K. At the same time
eccentric H of shaft F forces pin J to squeeze
conicél split ring C, which forces D fo pull shaft
E down, firmly clamping the table. The eccentric
split ring provides tighter clamping action than a
concentric spiit ring. The rotation of F is limited
by the set screw and groove of Section BB.

Table Clamp

adjustable arm that locks the table.

' B
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for
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firrr
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976

Table Clamp

In the clamping operation
the handle is turned counter-
clockwise away from pin A, al-
lewing spring-loaded plunger
J to engage H. Bolt B draws E
and F together, forcing cone
& to draw H down an ﬂrm|y
hold it.

In the unclamping operation
the handle strikes A, causing
C. which is keyed by a pin to
pinion D, to rotate. Pinion D re-
tracts plunger J. H is rotated
by hand.

plunger
e time |

ueeze [
il shaft
centric
than a
limited
X

Table E is indexed by C, which is operated man-
ually. Handle A clamps the table. The bolt of A is o
forced against conical-shaped split ring B, which, é")

in turn, forces D to pull the table down and hold it
firmly in position.

Table Clamp Index
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A

7o disengage
and unclamp

As the handle is tuned clockwise, catch A disengages plunger D and:
unclamps the two table clamps, B and C, freeing the table to be rotated
by hand. Clearance E is provided to reduce friction.

Table Clamp

Screw A clamps conical split ring B, forcing it o move F downward,
thereby firmly clamping table base C. Pin D prevents B from turning. Handle
J retracts spring-loaded H.
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Very small
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Table Clamp
981 982 /- ROTATING TABLE
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When handle B rotates cam C, the cam moves pin D of plunger
E, retracting E. Cam C rotates freely about frame A.

Index
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Plunger A is shown in its retracted position. Providing
B with a bushing makes it possible to index the table
with greater accuracy.

Shaft Indexing
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B indexes shaft A and then handle C locks the shaft.
Shaft Indexing
991
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clockwise until it strikes a stop, and then

Table Turning

After the handle is pulled out to disengage plunger B, it is moved closkwise
until plunger B engages the next socket in plate A. Then the handle is moved counter-
e table is clamped. The counterclockwise
movement of the handle rotates plate A and shaft C, to which both A and the rotating
table are fastened. Note the pin which prevents rotation of the plunger.
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Eccentric

Plunger

993

994

As the power source shaft is turned counterclockwise,
cams D of A force rollers C to lock A to free-floating gear

B that turns the pinions of the two index plates, Eand F. Re-

versing A will cause rollers C to roll away from the wedge
areas between D and B, thereby unlocking B from A and the
shaft.

One-Way Clutch

996

995

p T EE S 4 A

Drawn 90" out of position

Plunger

A rack and a pinion move the ratchet of the indexing
table.

Shaft Indexing

997

Rotating the handle counterclockwise
will disengage the plunger and hold it in
its disengaged position.
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Mandrels

998

SOURCE

erclockwise, LOCKING |
loating gear DIRECTION \
,EandF.Re- \
 the wedge
m A and the |

4 DAMPERS,

FIRM RUBBER OR
METAL IS USED

/7

7
/
/ Mandrel
1000
tion |
Helical groove B of drawbar C causes the two inserted half splines A to lock
- the part on the stationary spline.
Mandrel -
001
]
- indexing S | 1 ‘
o P” b .
- 4 BALLS 90" APART
Lt ] U1" "sorn pLaces 5
[~ i
=7 T /
This is a Belleville washer clamp for.a’
o ) = two-diameter bore.
Mandrel
L | y RERY
&1‘_ A A ("[J - Accordion A expands when it is compressed longitudinal-
- = il ~ y ly. The accordion may be designed to accommodate a two-
by LA diameter bore. The Belleville washer mandrel, lllustration
PR | ! l 1 1000, is a two-diameter clamp.

Mandrel




PARALLEL KNURL,HARDEN THEN GRIND

Air-operated piston A
forces the two rocker
arms, B and C, to push
the double collet against
expander D.

For wrench

|Narrow gr'OOI:/e
| for oil passage
i

L

SHACER Instructions for this clamp should spe-
cify removal of all air from the oil cham-
ber by filling it with oil and then screwing
in A. Piston B of A prevents oil from be-
ing forced out along the threads. This
type of clamp may be designed for a
two-diameter bore. The counterbores at
the left end prevent nicks on the edges
of the lathe center from creating errors

P/ / . / in machining.
AANNNNNNT . -

. SECTION AA
See Shaft Clamping category for variations of this design. 4X SIZE

Mandrel
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| GRIND

ated piston A
» two rocker
d C, to push

collet against

mp should spe-
n the oil cham-
| then screwing
i#s oil from be-
 threads. This
Jesigned for a
sunterbores at
 on the edges
-reating errors

10061011

1006

~Flat spring

When A moves to the right and B is pulled to the left, the
six jaws clamp.

Mandrel
IOO? | :.
y Lae, -
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} — = N 3 doveruled jaws
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After the three jaws are inserted into the three slots machined in the T1 wouble
base of A, the remaining portions of the slots are filled with rectanqular ~ (] collet
keys. Machining slots for the jaws and filling the unused portions with >__ -:r—l
keys is easier than machining square holes. 'f}_»; 5 o
i ]
; Mandrel - Jl_ iy
| 5 —1 Ll
010 ~Wrench tightening - |
I |
| I
Mandrel
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For 7 //// /
removal V4 '/ /A
of air | |
while I
ff'fﬁng I

Mandrel
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1012 1013 -
]
" )
g B 0F
— L

— = \-Spring

/

‘| | washer
- Mandrel
T
GROOVES ARE HELICAL— 1015
(like threads)
Mandrel / |L‘J‘J"'I!
==
1014 —=— P ra
[ L R /]_ For easier turning
il 1 'I \-7hreaded for remov-

/ v
/IE >7€; al of piston
-

/ Instructions on the drawing
// specify silver soldering.

Mandrel

directly to the part.

BUSHING PLATES

There are three types of bushing plates. The first is a top portion of a drill jig which raises and
lowers it; the second is rotated out of position in order to dear the part; and the third is clamped

1016

Y

A positions the drilling in relation to the groove.

Bushing Plate (Rotating)

~The bushing plate locates addi-
tional holes in relation to the two

holes already drilled.
Bushing Plate (Removable)

101




1018-1021

Three holes are drilled in relation to

]
= —t_B_

T I three previously drilled holes. The plate

' i is assembled from the right and then
= clamped. The stop prevents removal of
== ' | the handle from the bushing plate.

SPRING
PLUNGER

A is held in its raised position by the 1
spring plunger until the right locating pin |
is inserted.

T 1
T
-t
T==I]

i faet
et

Wl

Bushing Plate (Removable)

1021

The hole is centered between two
rough surfaces.

Bushing Plate (Removable)

The bayonet lock allows the bushing plate to be

removed quickly.

Bushing Plate (Removable)




1022-1026
1022

A
L
1023 B
%% o~ .
! = - I\./. '
Torsion | AT === r
spring o P e i
rasse clamg \ S
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EH p ooty
E TBUSHING
\PLATE '
! RN
| =3, ] lr
Bushing Plate (Removable) %} [ /,:}_
- | ] _7//
/
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The drill jig bushing plate strikes clamp A \
and then forces it to clamp. |

Bushing Plate

1026

S/
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~ EQE :
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An inclined and a horizontal hole are positioned in relation to the
bore and the top surface. :
oy Bushing Plate (Removable) Bushing Plate (Removable)




HING

1027 When the swing ¢-washer is swung free of 1028
’ the screw, clamps A and B collapse as they
7] 7 Z, drop, “allowing the bushing plate to be re-
moved. : N
) \
N i\
AN T N -
|
aw i b
4 I &, The bushing plate locates a hole
\ in relation to the left side.
: y Bushing Plate (Removable)
- A 1029
|
-
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HEll
Bushing Plate (Removable) | ll
|
1030 Q | |
Bushing Plate (Removable)
el /A / p S
AN/ ,
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Bushing Plate (Removable) | | I
Collet
1032 Bushing Plate (Removable)
1033
/ P
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J ¢! | I Ao
| fccentri ! ! B 2 '
ccentric :|_ i |
Bushing Plate (Removable) 1) \ ‘
1034 | | lomwe
‘ RN P CAM SLOTTED SPRING WASHER®
1HI s 4 Bushing Plate (Removable
| S Sy
| i [ ia 1035
L1l ]
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When the handle is raised, the cam strikes pin A, thereby
raising the plate.
Bushing Plate (Rotating),




1036-1041

1036
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[_,i TURM SCREW

@ 1Al

%70
R

One quarter of a turn of the thumb
screw will unclamp the plate, allowing it
to be raised.

Bushing Plate (Rotating)

1037

Q
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fob| |
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When the plate is raised
high enough to place B,C, the
centerline of the spring, on the
other side of A, the plate will
be held in open position by
the spring.

Bushing Plate (Rotating)

— — —

!
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me=sa: I

i
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N

Bushing Plate (Rotating)

1039 LA izl
o Turning the handle moves cam B away
(‘L,:" HANDLE\ from A, allowing the plate to be swung
. E < BN Z by the handle.
\ N
NN\ g e _@ \ Bushing Plate (Rotating)
M et
=
9] |
W\ \ 1040
O -
<1 1)
Bushing Plate (Rotating) Bushing Plate (Rotating)
1041
/
.l'IIf @ t;
I‘";] /
o ff_@. "How much easier our work would be if we put
' forth as much effort trying to improve the quality of
o B Ry 74 it as most of us do trying to find excuses for not

properly attending to it.” GEORGE W. BALLINGER

104

104




1042-1044

LIDS

1042

Eccentric A clamps lid C. Flat B aliows the spring to raise
C to its maximum height. Note how the equalizer pads also

serve as stops for the equalizer.
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N/
Cam)
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Cam A forces down B, which is pinged to
the post, thereby clamping the lid. Pin C pre-
vents the post from rotating.

Lid
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1051-1054

1051

When cam C is retracted, spring
A raises the lid as far as groove B
permits,

|
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Lid
1052 St /"‘-/5:':. The lid is clamped by turn- 1053
S )_)) buckle A. Spring-loaded pin B
= holds the lid in open position.

VoAgjustable

/ |

1054

Lid is held open by plunger A
/n hole B.

A\

/'—\\ N/

MOANTNRRRRYR
Lid

I
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After A s pulled out, the lid
can swing about post B.

l

__.__'ﬁ'L-ﬁ_ =]
Lid :

1055-1061

(O

C_ B_

CLAMPED

Lid

1061

BRASS SHOE

An adjustable weight

holds up the lid.
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NANNY

Because pin D is offset in relation to B, post F is allowed to ac-
tuate A to pull down lid C. During the unclamping action. spring
E raises F and catch A.

1062-1068

Spring-loaded catch A is clamped and unclamped by a rack

1066

1068

e ——

———




1069-1074
1069 |070 Rueser

%

7rips A for
locking

FINGER CATCH

Compressing the rubber permits the catch to be
unhooked. Ld

QUICK RELEASES

A quick release is designed to damp and unclamp rapidly. Threads, cams, or pins actuate
the bayonet type of quick release. The drawbar type involves three fingers on the end of the
drawbar and three mating slots on the quick release. The fingers of the drawbar hook onto
three shoulders of the ‘quick release, enabling the drawbar to pull the quick release against
the part. /

THREADS
Slot for ﬁ
Cienr.rng A

1073

The two prongs A permit
quick release B to be turned
with a rod.

HARDENED WEAR PLUG

Both shaft B and fractional riut A are threaded. This
is a modified bayonet type of ouick release.

Quick Release
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1075 |

KNURL

' ,GROOVE FOR
CHIP REMOVAL

]
.

1076 1077 A

In this one pin and
cam design, clockwise
clamping is preferred.

Quick Release

HELIX ANGLE

OF GROOQVE

1078

Note that a flat is needed on shaft B to al-
low A to be placed over the shaft. The angle
of the pin must be identical to the small angle
of the helical cam.

Quick Release

armit
med

Quick Release
1079 |

After the pin is inserted and turned,
the drawbar pulls down, clamping A
against the part.

Quick Release

1080

b

|
l 4
o
Pin C restricts the movement of the nut and E5%) TN G
indicates the direction of hook pin D. Note / !
the airvent. LI /
1 A
l :\:

A Two Pin and Cam
Design.

Quick Release

Locsen nut, turrn A
ther remove A and 8B
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1081-1085

108l

Groove permits
engagement of
threads.

V4

Groove C and the partial threads of B allow the par-
fial threads of nut A to engage those of B. Only a frac-

tion of a turn of nut A clamps it against the part.

1084

Hexagonal for
turning by a wrench

|

In this quick release nut, sleeve A not only holds the halves
‘rog::her as the nut is fightened but also permits the halves
to be quickly released.

Quick Release

6 | SET SCREW

TQ#IJ:_

=4

|

is
¥
|I
Al

=

Groove B creates the quick release and cam A the tight-
ening action in the quick release nut. The three pins and slots
keep the threads of each section in the proper relationship.

Quick Reledse




o 1087

PARALLEL—y,
| /

Quick Release

v V2 /BN

- . J

v

.4

After A slides over the drawbar head, A turns until a fin-
ger of the drawbar strikes the stop pin. The drawbar is then
pulled down, clamping the part. Curved surface B facilitates
the engagement of A. Note the similarities between this and
other drawbar quick releases.

Quick Release

1089

1090




1091-1095
1091

Y

L

\DFIAWBAR

Balls hold C in clamp or unclamp position L/
Quick Release

1093

THREADED \

Nz vr. M

As the handle is pushed, pin B of D slides along groove C of nut E and then
turns into the catch. Turning nut E cinches the clamp, Conversely, releasing E
a fraction of a turn allows the clamp to be quickly pulled back the length of
groove C.

Quick Release

1095

The cam can be adjusted by turn-
ing nut A.
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1096-1102

1096

1097

Pin E slides in keyways of F until 8 contacts the par?. Turn
handle and pin £ will turn F fo cinch the Cbmprng

7 7
AN )

Quick Release

CLAMPING~ [/ S #

R

The end of the groove is a built-in stop.

Quick Release

1098 1099

CLAMPING ANGLE_,\10<— 7° /5 used more
frequently

QUICK RETURN PORTION

The cam cinches the clamp and the flat provides a quick return.

Quick Release

[100

QUICK 'RETURN PORTION \

CLAMPING ANGLE = =y,
] /

Handle A rotates nut B and provides a follower
for the cam.

Quick Release

g iy
“—h{ ol

= SN K |

I vop view

FOR PIN

)
?

//A

Recess /3

for guiding pin into siot

Quick Release

Hi
u

Alternate methods
for preventing the
removal of pin

KEYWAY —

The keyway in thé cam permits
the quick return of A. There are two
cams in this design, one for each
end of the pin. Note the need for a
stop.

Quick Release




1103-1108
1103 1104

Section of A taken horizonfally

A _40'7/ A Ii\ li

I 2~ [ )
A |IJI i\g
END VIEW OF B

Cam A and pin B actuate the
clamp, which is moved by hand.

Quick Release
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11091113
1109 1110
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HALF GEAR KL £ Ap<TA
LN /75

—+——-—1—0— =
Operates N = = ]
opPOSING : N
plungers g = == B // / X

-—-Jo—-

Q

2B 77

Follower A engages barrel cam B which moves the plunger. The end

of the cam groove acts as a stop for the fractional gears.

Quick Release

The shaft may be readily snapped in
and out.

Quick Release

112

The c-washer als tightens bolt B.

Quick Release

N

s

NN

{ |
e—A —]
The shaft may be readily snapped in
and out.
Quick Release

I3

: iE]
_IIH

When both hands
are used harndles
should operate in
opposite directions

7° Cam

O =13
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1114-1123

EQUALIZERS

Some equalizers rock about a small shaft and others rock about spherical surfaces; still
others use the gimbal principle or “o” rings to equalize in all directions. Either a pin and an
enlarged hole or a built-in method may be used to limit the amount of rocking to the maxi-
mum amount required.

1114

3 BUTTONS 120° APART

Equalizer
J

1121
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1124-1131

_:géﬁéh_

SERY

Equalizer

» BRASS

7 A1 PLuG
4 A

Equalizer

STD. BOLT|
WITH SPHER.
UNDERSIDE
OF HEAD

*BUTTONS 120" APART

This equalizer is attached to a
quick release.

Equalizer

1130
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%/STRAP CLAMP
(. 1

1135
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1132-1140
1132

Equalizer

FILL WITH SMALL STEEL BALLS

1134

|
|
|

TO CL.AMP)\

Equalizer

Equalizer

SYM. ABOUT &

1137




41 1142

a Rubber cemented | N . |
Ll e i
Equalizer Equalizer |
f s 1147 < -
I } Equalizer |
B 148 |
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L-d I :
| j //
Equalizer | ¥ 4
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| 3 PADS 120° APART |

Equalizer Equalizer
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1152-1156

1152

1153

Equalizer

1154

o

o

Th
and g

by C.To
F. G, and

lid contains e
E, in turn, co

qualizer E, which is pinned to the lid at A
ntains equalizer D, which is pinned to E

obtain equal pressure on each of the three buttons,
H. the centerlines of the thrae pins, A, B, and C,

should intersect at center J of the triangle formed by the
three buttons, with J equidistant from F, G, and H.

I'156

B

UNCL AMP
POSITION [

STOP

Force D should be applied to the
center of the triangle created b
the three flat buttons, F. G, and F{
as explained in lllustration | 153,

Gimbal pins C.and D allow A to
equalized in any direction. B
rocks about D and A about pins C.

Il
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e sizable amount of clearance provided in A for pin B controls the extent
’- to which A is allowed to rock. A=
Equalizer
- {159 5 S
| 1 t]
1| Hourglass hole A allows full
Q I D _roclts about B and has an equalization of C.
li equalizer A at each end. Equali-
W I zer A rocks about C, shoulder E lim- Equalizer
/| iting the extent to which it is allowed
f ] L to rock.
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The oblong tapered holes in A allow the equalizer to rock
jn an additional direction.
Equalizer

Two pair of rounded buttons perpendicular to each other
are located on opposite sides of an intermediate washer A
to create an equalizer.




1162-1166 i

SHAFT CLAMPING

Shaft clamping may include clamping a shaft in only one position; clamping a shaft in any
position as it rotates or moves lengthwise; clamping a shaft in any position when it is permit-
ted to move lengthwise but not rotate; and indexing a shaft in any position when it is per-
mitted to rotate but not move lengthwise. Shaft clamping may also be designed to facilitate
the replacement of a removable shaft.

1163 Offset allows space for spring

SN,
-] NS

1162

#

41

{7
g b

Shaft Clamp

{Quick clamping a shaft in any position, unclamping
it, and removing and replacing it. The clamping cams are
prevented from turning when the shaft is removed.)

Shaft Clamp

{Quick clamping a shaft in any position, unclamping
it. and removing and replacing it. The clamping cams are | 165
prevented from turning when the shaft is removed.)

=

(Quick clamping a'shaft in any position, unclamping Shaft Clamp
it, and removing and replacing it. The clamping cams are {Quick clamping a shaft in any position, unclamping
prevented from turning when the shaft is removed.) it, and removing and replacingiit. |
i
///

AT % (Quick clamping a shaft in any posi-

2z o tion, unclamping it, and removing and

P replacing it. The clamping cam is pre-

o~ g vented from turning when the shaft is

removed.)
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ping
5 are

\

lamping

//l ' ; RUBBER

CEMENTED
TO SCREW
# ,;/ Bore duarmeter

7 A after press fit

.0I0 o0 .0!5

pinching )
// SOFT PLASTIC
OR OIL
/

1
‘!A llows air fo escape
as plastic fills cavity

Shaft Clamp

(Quick clamping a shaft in any posi-
tion, unclamping it, and removing and
replacing it. The clamping cams are pre-
vented trom turning when the shaft is
removed. )

1168
Wire spring
Yre- tracts binder (A),
z 777772
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7 1 p il
: /, | :/
; s/
: A/ ,/ /
s V72 7
Shaft Clamp

(Quick clamping a shatt in any posi-
tion, unclamping it, and removing and
replacing it. The clamping cams are pre-
vented from turning when the shaft is
removed.)

169

DRAWN 90°® OUT OF P@SITION

Shaft Clamp
(Quick clamping. a shaft in any: posi-
tion, unclamping it, and removing and
replacing it. The clamping cams are pre-
vented from turning when the shaft is
removed. )

170 =

Shaft Clamp

(Quick clamping a shaft in any
position; removal of the shaft is not
included.)

1173

—_ 4

Shaft Clamp

[Stationary Clamping a
Shaft in Any Position)

1171

74
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Shaft Clamp

[Quick clamping a shaft in any
position; removal of the shaft is not
included.)
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Shaft Clamp

(Stationary Clamping a
Shaft in Any Position)

Shaft Clamp

(Stationary Clamping a
Shaft in Any Position)




1175-1180
1175

Eccentric clomps
against a flat on
the shaft
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‘Shaft Clamp Shaft Clamp

(Locking that Provides (Locking that Provides
Lengthwise Adiustment but Lengthwise Adjustment but
No Rotation) No Rotation)

1178
12
A may be readily unclamped and removed. This
design illustrates one-position shaft clamping.
Shaft Clamp
(Locking' that Provides
Lengthwise Adjustment but
No Rotation)
1179
i [ |
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SPRING
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! A stop should be provided to limit the unscrew-
(Shaft Indesing) ing of the handle if the shaft is removed fre-
quently.

PLUNGER

./ /

Shaft Clamp

{Locking that Provides
Lengthwise Adjustment but
No Rotation)

/

N
1
+—

/Ly % Inserting the key of A in the slot locks the shaft

Y at either end of its rotational movement.

SLOT

[L ocks plunger in position Shaft Clamp
(Shaft Indexing)
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I '81 Lift and rorate
for reloading
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Shaft Clamp
(Free-Wheeling Shaft Locking)

After the shaft has been turned with a wrench,
the handle is turned clockwise, forcing the three
rollers to wedge between the shaft and the three

1184

cams. B is.a spacer for the rollers.

2

Shaft Clamp (Free-Wheeling Shaft Locking)

1185

o 7

C, which contains the three cams D for the rollers, is keyed
to the shaft. B, a spacer for the three rollers (see side view),
has a hexagonal exterior which allows the handle to engage
it. After the shaft and C have reached a stationary position,
the handle is puthed down, causing B to move the three roll-
ers. The rollers wedge between I?ne three flat cams D and
the bore of A, thereby locking the shaft.

HEXAGONAL

Shatt Clamp
(Free-Wheeling Shaft Locking)




1186-1193
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Shaft Clamp Shaft Clamp l
(Free-Wheeling Shaft Locking) (Free-Wheeling Shaft Locking) Shaft Clamp
1% (One - Position Stationary Locking)
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N NEER —
' ECCENTRICITY 7
~ .0I0 TO DIB /
V,
M 5 <
| Shaft Clamp |
' TA5V 2 (One - Position Stationary
. é’ m _,// Alternate locking methods Locking)
Y /B | h e e
/ 2 = o Sl This quick adjusting and locking stop is designed to
/// //; C. By handlles useg on a shaft. g)ne-haif of the J:sign may be in-
: corporated into the frame, allowing the device to serve
Shaft Clamp as a permanent means of locking a shaft.
{One - Position Stationary Locking) Shaft Clamp (Adjustable Stop)

HAMMER ACTION

An effective way to increase the amount of clamping pressure beyond that normally applied to
a cam by a handle is to incorporate striking or hammer action into the handle. This hammer action
also helps to break the seal of the clamping cam when the unit is unclamped. See External Equaliz-
ing Clamps with Floating Cam category for additional designs. )
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Hammer Action

"New and stirring things are belittled, because if they are
not belittled the humiliating question arises, “Why then
are you not taking part in them?” W c. weELLS
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Hammer Action

HOLDING THE PART

A part that must be pressed into another part or crimped or staked with another part should be
placed in the position in which it will be held as it is assembled before the assembling operation

begins. .'
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| SPRING PLUNGER

) Helding the Part
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Slots allow enough g.-ve et |i
so the part will fit |
. tightly over the end. {
Holding the Part Holding the Part

Lathe Centers

Lathe type centers are frequently used in fixturing. Built-in retracting devices retract the centers
when necessary.
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Spnnq G positions locking
LOCKING key B in front of wedge cam

KEY Curved for easier machining F until center D clamps the
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part firmly. Then C is moved
to the right, forcing key B up- !
ward against bushing A to lock 1
D in place. C and D are pre-
vented from turning by key E.
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Several examples of the split lock are included in the Shaft Clamping
category.
Lathe Center
1209

The double center is actuated by a
cam and an equalizer.

Lathe Center

Prevents turning

|2|0 SToP Lathe Col_'rfar
1211
Ffor removal of )47 Guard for A4
=2 N1 M
\ | N\ i B
= Retracts the center | A 1
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posmorum/

Lathe Center

%A/%//% //{?// 7

Cam A operates against B to retract the spring-
loaded center. The two detents keep cam A in
position,

"The man who never does more than he gets paid for

seldom gets paid - for raore than he does.”
ELBERT HUBBARD

Lathe Center
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1212 \
e s ‘\\ Left-hand threads pro-
o~ A vide the clockwise move-
N 7/ ¢ \u\‘. fﬁ“h—J—m o |=ets. . ﬂt ‘ment of the handle re- !
N\ Z A< o -_— L quired to move the cen-
S ) i T ter to the part. Swinging
| N R N c-washer A serves as a I
| I \/’; L. / — quick release, retracting
. W A . the center.
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Lathe Center
1
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- NUT LOCKS

: :
’ When it is inconvenient to use a second nutto lock a nut already in position, a nut with a built-in -
: lock may be used.

1217 1218

Nut Lock Nut Lock Nut Lock
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The deformed end por- Brass, regardless of
tion of the cap screw whether it is &nreaded or
eliminates the need for not, will conform to the
the more expensive shoul- threads of the bolt with-
der bolt. A standard cap out damaging them.

?erdmv easily be de- THREADED BRASS
ormed. 3

HOE
4, | Eg IZ/‘ a
|
Fress fit shoe into key-

way, cut threads, then
slide it the shoe.

Nut Lock
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Lathe Clamping

Rotating jaw B is pinned to stationary jaw A by shoulder
bolt C through the tonque and groove connection. The cy-
lindrical nut of clamp bolt D enables D to swing away from B,
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The collet and the vee block clamp the part.

TS

1223

B is one of eight narrow fin-
gers that slide in grooves of
C. The extent to which fingers
B retract is limited by round
spacer A. Designed to pre-
vent a thin part from vibrating,
they are thrown outward by
centrifugal force to contact
the part. Note built-in stop D.

Lathe Clamp Lathe Clamp
1224
m The stationary and the adjustable vee blocks clamp the
part to dovetailed slide B. Wedge A clamps B in either of

Lathe Clamp

E’ — — —‘\ two positions which are controlled by the two dowel stops.
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PLUNGERS

One or more plungers may be actuated by hand or by some other source of power, the power
being transferred through eccentrics, cams, or racks and pinions. Some plungers are spring-
loaded; others are held in the clamping and unclamping positions by detents.
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(Spring-Loaded: Raise and Turn to Retract)

1228 (Spring-Loaded: Raise and
Turn to Retract)

i
:D 1229

Plunger
[Spring-Loaded and Cam Retracted)
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Plunger

(Spring-Loaded: Raise and
Turn to Retract)
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(Spring-Loaded and Cam Re-
tracted).
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{Spring Retracted)
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Plunger

(Held In and Out of Position by Detent)
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Plunger
(Spring-Loaded)
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[Held In and Out of Position by Detent)
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Plunger

Plunger
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Plunger
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RACHK & PINION

Plunger (Multiple Rack and Pinion Operated Plungers]

i ' {Raise and Turn to Retract)
CLEARANCE

FOR DOG POINT

Plunger
Raise and Turn to Retract
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RACK 8 PINION PLUNGERS m

—

Plunger
{Multiple Rack and Pinion Operated Plungers)

(Mulfiple Rack and Pinion Operated Plungers)
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Plunger
(Cam Actuated)
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Plunger (Cam Actuated)
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Plunger

(Multiple Eccentric Actuated Plungers)
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Plunger

{Spring-Loaded Rack and Pinion)
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POSITIONERS

Positioners may locate a part accurately or only approximately. When the part is located approx-
imately, it will be positioned further by centering or clamping jaws. Positioners may position holes,
keyways, gear teeth, the exterior of a part, and so forth.
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Soft rubber or plastic ma

terial may be placed in the
slots to keep out dirt and chips.

Positioner
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Positioner
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_\PLASTICIZE SLOTS
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Positioner

This springloaded positioner has a
stop. What would happen if there were

no stop? Post
ositioner

The part rests on positicner C until the

vee blocks pick it up and clamp it.

Positioner

I —




DX~

Spring-loaded
sitioner is needed.

J:in A drops in hole B in the frame until the po-

1261-1266
126 This design permits the positioner to be moved out of the way to facilitate removal of
the part. As handle A is turned, catch B of A s disengaged from its notch in D. Then A
and C, which are pinned together by H, may be rotated about pins G to the position
shown on the right. Positioner F is spring-loaded.
b 3 aA |
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G A _F- Front
Front :
Removal of part
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is in position,

The positioner may be rotat
where it is held by a detent th

ed 90° out of position
at also holds it when it
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PULL BACK PIN
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Pin alfows 90° rotation

1269

1272

The positioner may be rotated 90° out of position.

Positioner

1271

f
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Whan the part strikes the kickback of A, the key-
way positioner of A drops into the keyway.

Positioner

273

N ~ KEYWAY
/ )
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-

et sl

Positioner A is spring-loaded by t e extension spring. As
A is retracted via the rack and pinio . the extension spring
swings beyond the center of the pinion, holding A in its re-
tracfed position. Note’spring-loaded smaller positioner B.

Positioner

RACK &
PINION
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1274

Fitting in an arced groove in positioner
B, set screw D limits the movement of B.
Shafts € and A are pinned to B. Turning
the handle actuates E to turn B. G locks
shaft A, thereby locking B.

Positioner
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Prevent wrong £ g
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Spring loaded 7
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~Hondle is not In
plane of locator
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Positioner
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71 T

¥=4 Front

//‘S!x&;’:hg locator Ore of the two positioners
| Stationary. locator AE slides in a T-slot to adjust to

bty ” T

the tolerance variations be-
tween the two holes of the
g ] oart.
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Positioner
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The spring pushes positioner A to the part and cam
B clamps the positioner. As the unit is unclamped. B catches
on the pullback shoulder, retracting the positioner.
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= AR RN

The catch drops into notch A of spring-loaded positioner
B as the positioner is retracted.
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& As the part is loaded, it strikes cdm C
hY hN @ and pushes the lower end of rocker arm
| B to the right, moving the upper end A
i into the recess 'of the part. When the
h sin | EE:E«ED part is raised in the unclamping opera-
tion, the lower end of B is moved to the
left by the spring and the upper end A
is moved to the right.
A clip is provided to store the locatar
oin when it is not being used.
Positioner Positioner
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ered.

The positioner positions the part in the
plane in which the positioner swings.
After the positioner has entered the
hole, the right end of the part is low-
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ECCENTRIC
Fer odjustment
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A lock is provided for this two- Several eccentrically adjustable positioners
piece positioner. may be used to position the part approximately.

Positioner Positioner

LIMIT SWITCHES

Switches usually control the timing of the automatic fixturing operations and the various clamp-
ing and unclamping operations. The switches are tripped to an on or off position by cams, exten-
ions of shafts. or arms attached to shafts and clamps.

1304 1305
S ——
+J_1—+ The cam, which is integral
with the fractional gear, actu- POWER SOURCE

ates the tripping cam.

/
LCam for micro-switch

The shaft to which the tripping rocker arm is
attached is permitted no lengthwise movement \\ cam
and only a limited amount of rotational move-
ment.
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Limit Switch Limit Switch
1308 1309

NN

RS
(o] 0 ] - \‘L
_
T y ® i A »
The tripping button is attached to the clamp. The tripping cam is cut into a shaft permitted to move only
lengthwise.
1310 1311
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The adjustable tripping nut is screwed onto a The tripping arm is clamped-to the end of l'he_ pinion’s
stud in the end of a shaft. shaft. This controls the rotation of the pinion and its shaft.

Limit Switch Limit Switch ,
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Ratchets-are used to rotate shafts, to allow backing up of a handle designed to rotate only a frac-
tion of a turn, and to allow slippage of a handle to prevent overloading. Frequently ratchets are pro-
vided with a catch fo prevent them from reversing. See Miscellaneous and Indexing categories for

additional examples.

RATCHETS
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NEOPRENE J

"~ THRUST BRG

Ratchet
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WASHER 7/ 1314
Raising the handle moves catch A up
to the next tooth on the ratchet. Low-
ering the handle rotates the ratchet.
Extension spring D retracts piston C and rotates -

arm B until catch A drocps into notch 2. Air pres- »

sure then raises piston C, rotating arm B and the

ratchet.

+ +
Ratchet
13|13 (Explanation)

Continued turning of the handle after shaft C
has reached the position in which it is stopped
will cause slippage between the mating ratchet
teeth of A and B. The spring in spring-loaded por-
tion B of the ratchet allows B to move to the f:?t
The balls not only serve as keys between B and
C but permit B to move horizontally more easily
than a square key would.

-PIN

Ratchet

Lrorsion @
SPRING =
y
/ o
. bl
7 »
LFLAT SPRING -sTOP
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VEE BLOCKS

Vee blocks may be stationary or movable. When they are spring-loaded, they will retract auto-
matically. In other instances they may be retracted by the damping screw. :

An Adjustable Stationary Vee Block

Vee Block
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C-WASHERS

The c-washers illustrated are variations of the commercial type.
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‘ Slot keeps A from turning O
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For finger
Plug keeps removal
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Turn 90° for removal

C-Washer C-Washer
1322 1323

i Pull back for removal b e e e
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C-Washer C-Washer
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MISCELLANEOUS

=]
L

) SEC. BB
Tovague\ DOUBLE SIZE

and groove SWING
C-WASHER

Note in the upper left-hand drawing that gear
Cis keyed to gear E. Gear D, which rotates in the
space between C and E, is spring-loaded, as Sec-
tion AA shows. The spring moves gears C ‘and E
in one direction and gear D in the opposite direc-
tion, eliminating any play between mating gear
teeth of C and E with the part.

A set screw in C limits the rotation of D [see
Section BB). The two finger holes F in the clamp
facilitate removal of the clamp.
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Steady Rest

After the handle has
been swung to the left
and it has cleared F, it
raises jaw A. Eccentric
shaft G may be adjusted
to mdve jaws A and B
horizontally &s H adjusts
their vertical position.
Adjustable stop E pre-
vents clamping action, A
steady rest holds a part
in position; it does not
clamp the part.
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Key prevents
4 turring

1330

Pushing A down =nables the three
jaws B to retract, allowing the
broach to be romoved.

Broach Puller
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1331 =
> 1332
ST, /4 // . |
/7;/: 7 A ’Tf%_ B = % ‘\,’
- o = /;’\ % '///
s ge,'m ﬂi‘.: - ) INS \/
\ AN/, %?
y //\ A
: P /\ N
| A N
& J o)
—_ N

L' )
Stop for post -
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1333

Torque Handwheel

When the torque on
the handle is too great,
the spring - loaded balls
will retract, allowing the
handle to slip. The shaft
is keyed to A, and B is
fastened to the hand-

S i e e e e e s

h

FOR LOCKING OF
NUT IN VARIOUS
POSITIONS

x\\{‘w

N
N (coArst]
bbby /
THDS.
FOR ADJUSTING
OF NUT

Only a fraction of a turn of the han-
dle allows the adjustable nut to actuate
clamping action. Substitution of a longer
nut and bolt that are also adjustable
will enable parts of varying heights to
be accommodated. '

Adjustable-Height Clamp Post

When the torque on the knob is too
great, the spring will allow A, which is
keyed to the shaft, to slip, thereby elim-
inating overclamping. Turning the knob
clockwise clamps the part.

|
i
|

|
|

1337

+ Handle B moves the two
bushings in and out of position;
spring - loaded pin holds
them in position.
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KIB PRONGS 4 SLOTSH

=

/13 xq =52 Jocking positions

Any combination of a number of slots and prongs that allows only one

Micro Adjustment

prong to match one slot will provide a maximum number of lo_king
positions.

N
Difference of the fwo pitches
creates a very fine adjustment

Micro Adjustment
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Push-Pull Spring-Loaded Link
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Four-Position Tool Blank
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Adjustable Table Leg
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Released

Parallel Transfer of Power
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1345 1346 @ 13!

TO CLAMP TO CLAMP

l i
C—"-  serinc —T—)
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A ona-half turn of the screw draws it down and clamps the-
part. The spring plunger detent holds the clamp in retracted
position. i
Half-Turn Screw
1347 1348
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Lift Hook Lift Hook
1351 1352 l
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An overhead crane equipped with lift |
hooks is frequently used to move large T
parts and fixtures. |1 | i ‘
Lift Hook R
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Clamp Expanding Plug
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[ 5

NEOPRENE >

With E pressing against D, the toggle linkage draws on H and
squeezes the neoprene, fnrc.'r!g it to expand and clamp the bore.
Fis adjustable. The air or water used in the test for leaks enters
through G

Leak Test Plug
|355 This is an inexpansive
hand-operated hydraulic
TOP VIEW | A / : pressure pump. Note that
C T e nut A is pinned to hous-

. . ing B
In this design the handle
is held in a raised position. Hand-Operated Hydraulic
Pressure Pump

e / AN 7/ | |
LHANDLE NN ST L 356 |
“Flat for rag}t—fem'ng . i | Ep
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oo ’ positioning hole facilitates the removal of the

part from the hole.

Floating End Part Knock-Out Device Part Knock-Out Device
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SPECIAL TOOLS

Special tools are presented because so few have been included in books. Some of the designs may
also be modified for other uses.
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Four cams force four jaws to crimp a thin metal
part over the end of a rod.

Crimping Tool

B is stationary vertically. In readiness for the spinning operation, A
is in its raised position as are D and E which are attached to A. Shoul-
der G of F rests on H of E, and the three side rollers L, which are pin-
ned to F. are in their swung-out position to which they have been al-
lowed to move by cam J of K. Fis held in place by the three bolts C.

When A is lowered, the cam forces the three side rollers L inward
to roll the thin metal about the part. As A continues to be lowered,
the three top rollers, which are pinned to E, are actuated to flatten
the end of ?hpe thin part.

As A is rotated to create the rolling action, it rotates D, E, F, the six
rollers, and, via the three balts C, unit B.

Spinner




“Hole of same shape
i A prevents furn-

Swaging Tool

C rests on top of the assembly as A is low-
ered. Continued lowering of A causes its cam
E to spread the upper end of the four jaws
F which crimp the thin part about other parts.
Slot D in A and pin B control the movement
of A. What would happen if B and D were
omitted?

Crimping Tool

The handle rotates a pinion that turns gear
F. which is cap screwed to C. As the handle
is turned clockwise, screw B and expander E,
which is attached to B, are raised, thereby
spreading the four jaws D to swage the thin
metel. Since jaws D are pinned +o?musing c,
the jaws move around the thin metal part
when C is rotated by gear F.

Note the curved jaw contact surface F. It
produces a smooth swaged sufface on the
part.
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In the unclamped position, spreader A causes jaws B to re-

" tract, allowing the seal to be placed about F until the hous-

ing rests against shoulder C. When the handle is tsrned to

hook the seal as indicated, cam H forces spreader A to

spread jaws B fo hook the seal as shown in the drawing on

the right. As cam H pulls A down, it causes shoulder D of A
to contact shoulder E of F,

To remove the seal, the handle is turned further as indi-
cated, actuating cam L to press against G and to pull A
down further. Shoulder D of A presses aqainst E of F and
forces F downward, thereby causing jaws B, which are at-
tached to F, to remove the seal. Surface K, which is concen-
tric with pin J, holds A and F together as cam L initiates the
action to remove the seal.

Oil Seal Removing Toel

ECCENTRIC
,HANDLE HOOKED
POSITION
L
r" M
r
TO HOOK
THE SEAL

TO REMOVE
THE SEAL

1368

~Tlack weld
]

N

For tigh tening —r‘

, ({‘or cinching

T AR N
E‘\ - Qj i 'i‘\_\\\§
4

&

“"When you hear that somebody has been
discovered, you can put it down as a fact that he
discovered himself years ago—since which time
he has been working, toiling, and striving to make
himself worthy of being discovered.”

JAMES WHITCOMB RILEY

LSERRATIONS |

This is a very strong clamping collet type of wrench
for a round part.

Wrench
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6 Rollers

—Expander “-Collet
— square wire spring

Burnishing Tool

"S,oar:e for roller
and knob of A

SNAP
RING >

GARTER SPRlNG\
3 JAWS 120° APART

After the removing tool has been inserted info
the part and D has been brought to rest on.a
shoulder of the part, shaft A is forced down,
spreading the three jaws G which engage the oil
seal. Then as A is pushed down still further, it
forces down B and jaws G. which are pinned to
B. enabling the jaws to remove the oil seal.

Set screw E limits the movement of A: shoulders
C and F imit the movement of D. Determine why
E and the shoulders are necessary.

Qil Seal Removing Tool

As the screw is turned clockwise, expander C
forces the collet to expand the spring. thereby
forcing the six rollers against the bore of the part.
As the tool is rotated, the rollers burnish the sur-
face. The square spring is coiled without any space
between its coils.

“Some men give up their
designs when they have almost
reached the goal; while others, on
the contrary, obtdin a victory by
exerting, at the last moment,
more vigorous efforts than
before.””  POLYBIUS
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Moving tool J to the left allows boring tool B to finish bore the hole. When H
strikes the part, boring tool B has already completed its operation. Continued
movement of J to the left causes rocker arm C, which is pinned to J by D, to
move pin E of C. E slides upward toward the left along the inclined groove of g
F as pin G stops the movement of F. This movement of pin E in the slot actu- TO MACHINE
ates chamfer tool A.

The pressure of spring N on F and its pin G keeps K, L, and M together. The
snap ring limits the movement of K, L, and M to the left when chamfer tool A is
retracted.

Chamfer and Boring Tool

1372

EL:
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As boring bar D moves relative to C, |
cam E of D moves the recessing tool out-
ward to machine the groove.
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B is screwed fightly to D. Collet F is clamped
| to D by spacer C via B and shoulder E. While B is
R~ held by hand. A is screwed down, spreading col-
let F and causing its jaws to grip the bushing. Con-
| tinued turning of A presses A against the bottom

AR

L/ AL —
. £
Sl ] S A |
E \ }7 | : | =1 —/
1! y | Stationary | s »)
l 7/5_\ - % .4;; Zd k | Vi
| )N' & LIS J
3 ] b
| - | COLLET
< ) —s i ——
F / B :

L LEL L AN

r—'— of the part, forcing collet F to pull up the bushing.
[-/] ‘ ! Puller (Bushing)
JNF— FH : L~
T s !
m = l’) | When A is moved toward the part, K, which is
[ | L attazhed to A, and cams F and L of K move the
fani two recessing tools to cutting position. Screws J

<pread wedges G and H to bind the recessing
tools in their grooves. Spring D aids in the retrac-
#ion of K and the recessing tools. Pin B in housing
E functions in groove C of A: it prevents K from
rotating.

“Dissatisfaction with existing
designs coupled with
determination to improve them

has produced many inventions.”
C. WALTER LOHR

Recessing Tool
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Twrn to remove part—
/

Turn fo spread 8 jaws

)

Drawn 90" out
of position4
{ /

f

After the three hooks D have been tripped by F, they
hook onto the part o be removed. The three jaws fit
in grooves A and are pinned fo it. A snap ring {round
wire) spring is used instead of a garter spring. With G
of E resting on the part, nut Biis turned clockwise, rais-
ing A and the three hooks along with the part to be re-
moved. A set screw keeps A from rotating. The knurled
surface of E enables E to be held as B is turned.

L Puller

1377

When A is turned, spreader E spreads the eight jaws F, al-
lowing them to hook the underside of the part to be removed.
The eight jaws it in slots in G which is screwed to B. Shoul-
der A of housing H rests on the unit from which the part is to
be removed. Turning handle C raises B, G, jaws F, and the
part. Note the use of dowels to prevent B and E from turning.

Puller

The adjustable puller is designed to remove two sizes of
parts.
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1381

The parallel pliers require two stationary pins and two pins that slide in parallel
slots to maintain the parallelism of the jaws.

Parallel Pliers

0 L

This staking tool inter-
nally extrudes two small
holes to hold one thin part
inside another.

Staking Tool

When F is moved to the left, rocker arm E, which holds the

%

A Fris

cutting tool, rotates about G as follower J slides along cam
groove H of F. K controls the movement of F, which is re-
cessed to allow space for E.

Cc

AN ARSI
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Internal Spherical Cutting Tool
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This expanderis used to
assemble parts.

Expander

IMPORTANT

If you would like to see Volume II
published, send assembly drawings
(detail drawings are not needed) of
your unique non-standard clamping
devices to the author. Individuals
sending drawings will be acknowl
edged in the list of contributors.

Hiram E. Grant, Author

Industrial & Business Books Division
McGraw-Hill Book Company

330 West 42nd Street

New York, New York 10036

WHAT IS WRONG WITH THIS DESIGN?

The general purpose of this category is to train young designers to be critical of the vari-
ous aspects of the design in regard to whether they will function s intended by the designer

and whether the fixture can actually be completely assembled.

Although the discrepancies are explained at the back of the book, they should not be sought
before the inexperienced designer has determined independently what is wrong
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What is Wrong with this Design?
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What is Wrong with this Design?
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What is Wrong with this Design?

1392

L
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A

in C fit in holes in A
arnd B. !

rofates ro retraoct
and B. Dowel pins

~DRAWBAR
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What is Wrong with this Design?

1393 1394 |
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What is Wrong with this Design?
1395 1396

What is Wrong with this Design?

1398
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SMALL DETAILS FOR BEGINNERS

The numerous small details included in this category are intended for the inexperienced de-
signer. Study of the many additional details explained in the preceding categories is also .

recommended.
1399
| | Shoulder-
% |
‘ 7 # 1 \
/) N | Y |
N KA N/ ION
F 7/ ! W/
4 R i GOOD -
POOR GOoD BETTER
The design at the extreme left is satisfactory but should
be used with caution. The poor design is not satisfactory and
should not be used for a moving shaft.
Weldment
1400 1401 1402

A RA

OY (DY (O

’ STRONG Contact surfaces should be machined regard-
less of the material specified. Although plate stock
! appears to be smooth, it too should be machined.
WEAREST STRONGER: STRONGEST The control over the location of the welded com-
Weldment Weldment ponents is usually limited.
Weldment
| 1403 - 1404 |
1 1405
. The
' : ctice of o B
3 i A e : ° T TTT
. 3 tapping into ]
| Y. two weldment |
' /)| _ B [ H
y = members |
ﬂ bt 4 should be . .
. used with _ r 1 @
i Sleeve A has been added caufion A )
Y to increase the stability of the !
taper-pinned base of the shaft. WEAK STRONG
Weldment Weldment The weld in the weak design must be ground or
filed smooth to protect the hands of the operator.
1406 ] Weldment |
Because a weld is harder than the ma-
v terial being welded, it is not possible to 1407

S %

obtain a smooth overall machined sur- ' [
face if a portion.of the surface has been 1.
m welded. Recessed welding eliminates M
N

this problem. In the illustration, recessed
J welding is provided for the tubing.

kS

A Satisfactory Clevis Weldment
Weldment Weldment
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1408-1418

A Satisfactory Clevis Weldment
Weldment

1409

Weldment

A Satisfactory Clevis Weldment

The large V created by
the chamfer provides a
much stronger weld. The
sharp Foin'r of the poor
example would burn.

1411

The narrow V welds are not satisfac-
tory. The larger V welds created by the
flats on the cylinder are much stronger.

1412

AN

The chamfers increase the size of the
Vs, creating a stronger weld.

Narrow Vs produce weak welds.

Part Bis welded after the other
welds are completed. Chamfer
A permits a continuous weld in
the corner.

Woeldment

Weldment

Offset welds are less expen-
sive than flush V welds, which in-
volve the cost of chamfering.

Weldment Weldment Weldment
1414 1415 | 1416 N
Offset | 1!
ST ¥ AREE!
— — -t —— — -
™ LY L
Offset | |
Se I@ 114 47
B A rE
1|1
GOOD L%J POOR
A B
B\ J/C | F
Offset Y .
\f ! Iy — i L
| D

(¢

The sharp points of D, E, and F burn and
create weak welds. Cutoffs A and C provide
stronger welds. B permits a contiguous weld
in the corner.

Weldment

1417

To machine this part from stock of diameter A would be
N time consuming. Welding the two components saves fime

1418

and money. Note the use of the shoulder for alignment, T £
. |
A
=
Shouider —_—
“ [ —
% IJ. | 1] = = _Specifv_,_unq a weldment in this d:esiqn
A A will permit a less expensive material to
¥ W be used for the larger piece and will re-
duce the amount of time required to
be— A .._! machine the part.
Weldment Weldment
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1419

=

Y
406
Weld symbols have been
developed that specify de-
sired welds precisely.

Weldment

1420 |

See lllustration 756 in the Collets (External)
category for the assembly drawing of this
part. B is a thread relief. The three G sur-
faces are ground. Reliefs C, E, and F reduce
friction and/or the cost of machining. H is an
internal thread relief. D is a grinding relief.

s

y "\
| &LLZl
/] \

1% Relief A reduces friction. Relief B provides
clearance for the gear teeth.

Relief

1422

\ Direction
of rool

When the shoulder and the
shaft are to be ground, the re-
lief should include both sur-
faces as shown.

Providing rounded reliefs for
ground and machined surfaces
will relieve stress concentra-
tion.

1424

Occasionally a depth of
only a few thousandths or | /32
of an inch is specified for the
relief. If a relief is not included,
cutting tool edges may be-
come rounded, creating a fil-
let. This does not mean, how-
ever, that all such corners are
relieved.

1425

>

Rounding the bottom of the
relief will relieve stress concen-
tration. It is unnecessary to re-
lieve the bottom of the mating
groove because chamfer A
has already been provided.

internal threads are relieved
as shown,

I
I I
I

A shaft may be screwed
tightly onto a part if a shoulder
similar to shoulder A of the il-
lustration is provided. The
rounded relief relieves stress
concentration.

Relief

\

&

15%r 3

Reducing the customary 45°
angle chamfer allows a shaft
and. a hole to engage more
smoothly.

Thread Chamfer

Relief Relief Relief Relief
1426 1427 | 1428 1429 —cHFR.
an  E T ) { ;
/ SHIE. ' / '. 4
=t A |

4

/.

Bolts or studs that are fre-
quently screwed into a hole
will engage more smoothly if
the tapped hole is chamfered.

Thread Chamfer

1430 |-

Using a threaded cylinder as a nut allows
the bolt to rotate. Note that the inclined
limits for the bolt are not radial.

Cylindrical Rotating Nut

_ The locking set screw should be used to
hold onlv bolts or threaded shafts to which
no torque will be applied.

1431

NN\

Thread Clamping
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f432 -  |1433 1434 e
BRASS
|[ 1| Sh?m‘der
| | or
[ |7 locking
| | |/
N 7 m =
; ké Screw Handl
: Relief andle
ag): ?;\%‘Sif ::3 7;";3:!? T;Z: 1439
cause the plug shapes itse =
to +he+’rhr:od2. i Shoucs 1438
Thread Clamping Shoulder Locking
[ 1436 1437
| LockinG : ~
) SET SCREW
| / i
¢ / .
Il ? Screw Handle
' /, 1440
7

; The adjustable and locking

A locking set screw is set screw fits in an endmilled /
frequently used to lock a slot of the shaft to control its ///J
e

dog point set screw. lengthwise movement. A flat
for the nut must be provided

| because of the cylindrical sur-
Set Screws face. {Il = ; u = I|
1441 Set Screws { —
EXPENSIVE C‘lOOrD
1442
The larger hole is less expensive to machine because
it reduces the amount of tapping. A locking set screw
- o s is frequently used to lock the set screw.
o O] s
A 1443 1444
-

Flats are cut on shafts
| and some special screws to
| tighten or adjust them.
. Measurement A should be
based on standard end 14 46

wrench sizes, that is, the

: distance across the flats of
i standard bolts and nuts. P For turning
Turning of Red 1] &y rod &\

g %1 1 '
// A long shank cap screw is not as

1 s effective as a short one.

Turning of Rod

N
Flat Turning of Rod Turning of Rod Cap Screws
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1447 l448 [1449

fid
| | 4
— Ll _ | .
Inserting the ilustrated
round key with flats through a
wall is superior to inserting a
This is a clampable key. ot pciens,
Key Key
1450 1452

An internal keyway may be terminated
by a drilled hole,

Keyway

1455

When there is not enough room for
Note the welded button and two cap screws, a tongue and groove
the clearance of the tongue may be used to prevent rotation of the
and groove. clamp.
Tongue and Groove Tongue and Groove
1453 1454
) T |
I ] ]
I’L+_ﬂ_
it
——————
b

, 1456
C Jr}:}xfn}:af end
An Adjustable Spherical Rocker Arm
Rocker Arm
i
1458
A rectangular key placed in
the keyway of A could bind at <t
the closed end of the keyway;
it could not bind in the keyway
of B, Rocker Arm
Keyways
1459
1457 '
Stronger
here
NOT Iher*e
An Adjustable Rockee Arm
Keyway Rocker Arm

1460

Trun

Car
ance {
Note 1

1466

1467
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1460~ 1469

DI
1460
|

15 Care should be taken to provide clear-
! ance to allow the trunnion to equalize.
1 Note the use of the locknut.

| Spherical Base
tad | : Spherical Base

|466 e [ . 1

! 4: Jt ] ’ Wedge A, which has a

[ | T serrated edge, clamps a

‘ L cutting tool with a ser-

J_L rated edge. Note the 90°
| angle between the two
: Spherical Base Spherical Base serrated edges.
1467 Wedge Clamping
Bzzz77 & |*
+ —
X~ ® W Allows part to
| = \ Q@ slide over handle
; > Spherical segments
Equolizer A

3 JAws

NUT Position for

tightening nut

The cylindrical ends of the rocker arm providé large areas of surface
contact as they fit in their mating cylindrical holes located in A and B ™
(see detail of the holes). When seven of the eight segments are pushed == w
together, the combined sawcut spaces will provide encugh space to |

allow the eighth segment to be inserted. Note the reliefs for the ground
holes for A and B.

Four methods of fas-
tening clevis pins are
i I shown,
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1470
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Pressure created by the spring will hold the
handle in any desired position.

Handle

1471

Flatrened end

of rod

. =<

1473

Parallel knur! replacing press fit

The illustrated parallelknurled handle elimi-
nates the scoring created by & press fit. A slid-
ing fit is specified for the remaining portions of

The recess and the
stop pin control the
.movement of the handle,

Handle

the handle.
Handle
1477 e ks
SO rin = Sliding fit (s.£)

e

1478

siw
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A detent pin and a conical hole (sometimes
called a dimple) may be used to hold a part in
any one of a number of selected positions to
which the part may be moved. In this design
there are only two positions. Frequently the
part is a handle.

Detent

SWING HOOK\

\
o

The detent allows the handle to be
held in a vertical position when a por-
tion of the fixture or a part is removed

or replaced.

Handle

1476

L\l"l"lFiE SPRING
Ball Retaining

1479
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A shaft may be held by a detent
and a v-groove in any one of a number
of desired positions to which it may

move.

Detent

1480
Peer
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Ball Retaining

X

A commercial spring plunger may serve as a
detent. The plunger and a dimple or a v-gr~ove
are used fo hold a part in place.

Detent

1482
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\—5 oring plunger

148l
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This detent ‘'may be
used as a spring-loaded
button or it may serve as
a rest for the part to be
machined.

Detent

The
Note
ter me
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The shaft and the rest pads are ground.
Note the rounded relief and the milling cut-

1485

HA NED PIN
r RDENED PIN

. /-Resf pods
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Lll

Rest pads are usual-
ly hardened and

ground and small in
cze. The reliefs be-
tween the pads pro-
vide space for chips
and dirt as the parts
are wrung cnto the

ZCLJ\MF’ POST

Hardened wear pins with flats may be
press fitted in holes in a shaft (or else-
where) fo reduce wear.

G T | 1 U]
1 T

Unsymmetrical doweling prevents parts
from being reassembled incorrectly. Dowels

are drilled and reamed only in assembly after.

the mating parts have been adjusted to func-

tion smoothly.

ter machined reliefs for the pads. pads.
Rest Pad Rest Pad Hardened Wear Pad
1487 1488
Nut - Does not — -
turns 4} CLAMP
POST |
|
| B
l T
b= —|-ﬁ_‘
Hardened } -
wear | E=——
washer
| leam
i
|
[T
| | Hardened
__Jwear pad
When the area of surface con- Hardened Wear Pad
tact is small, the resultant wear can
be considerable. Hardened sur- 1491
faces and wear washers will reduce
the wear. Pullback release
Hardened Wear Pad Hardened
/—wear buttons

(’Qgequafw
A ‘-‘- > B =

e g
] . _q,é b
When A and B are unequal,

these two parts cannot be re-
assembled incorrectly.

Dowels

Dowels

1490 . {

|3 1

I\{l

r J

The wear crested by strik:
ing surfaces can be reduce

by hardened wear buttons.

Lid

Hardened Wear Pad
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Locknut
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A set screw and a large conical hole
create an effective adjustable stop. A
set screw and a nut are also frequently
used as a stop.

This is a pinching collet. The
necessity of breaking the col-
let's seal with the squeezer of
the collet increases as the
angle of the cone becomes
smaller.

1496

Fine adjustments can be made by
using combinations of hcles and flats as
indicated. The 5§ holes and & flats pro-
vide 30 adjustment positions in the illus-
tration. Would4 or 8 holes provide 24
or 48 adjustment positions?

In other situations requiring fine ad-
justments, holes, slots, grooves, flats,
notches, or pins may be paired as holes
and flats are in this instance.

Micro Adjustment

The screw does not take the thrust of
the clamping action; the thrust is ab-
sorbed by bushing A. Note the indicated
clearances.

Thrust

1499

Poed

) A prevents furn-
] ing of bushing

A fraction of a turn of the
set screw clamps the bushing.
Note that A prevents the
bushing from turning.

Quarter-Turn Screw

Remove after grinding A

The shaft illustrated may be ground
if an additional piece of metal is pro-
vided for the lathe center and then re-
moved upon completion of the grinding
operation. This procedure also applies
to lathe work.

Lathe Center

1497

Bushing A is snug fitted into the coun-
tarbored holes of the two parts to take
the thrust of the jaw's operation. The cap
screw does not absorb the thrust nor
does it align the parts. Its sole purpose
is to fasten the two parts together.

Thrust

1501

IS

When it is necessary to machine only
a portion of a non-circular part to a cylin-
drical shape, the part may be turned on
a lathe if the lathe centers are included.

Lathe Center

&

1502

The counterbors prevents the lathe
center from becoming burred or nicked,
for a burred center would create inaccu-
racies in the machining process. The
counterbore must be large enough to
clear the lathe center.

Lathe Center
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The width of a groave is al-

L
T
=
| Bt
=l
_.'_'J::l'_

ways given first.

Lathe Center

Width— +Depth
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|506 More
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Machining

Frequently several
identical parts are ma-
chined as one and then
sawed apart. In some in-
stances a shim is added
to fill in the saw cut.

Multiple Parts

Too! must clear

Thought should be given to the space
needed for the cutting tools used in cer-
tain machining operations. In this opera-
tion the drill must clear the edge of the
hole.

Machining

1507

Millead fla f—-{; I
: i \p

In fixture design, a rack is frequently machined on a shaft. Before the
rack is cut, a flat is usually milled to increase the length of the teeth.

Machining a Rack on a Shaft

1508

& 4

DRILL

ENDMILL

A4 &

1509

1
H]

L

Opening for quick unscrew-
ing of cap screw. Set screw

keeps out dirt.

Replaceable wa7

1510

N

/77
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Assembling Hole

R
L o
&=

A drilled hole may be enlarged
into a square hole. The remaining
portions of the drilled hole may
serve as friction-reducing reliefs.
Note the circular endmilled slots
that are used for rotational ad-
justment:

Slots and Holes

Because so few duplicates are produced
in fixture work, it is necessary to use less ex-
pensive methods of machining certain types
of holes. A rectanqular hole may be and-
milled ine:pensivolyiy drilling a hole at each
corner; the holes also serve as excellent re-
liefs. Note that the larger rectangular open-
end hole has endmilled corners.

Slots and Holes

I511

Assembling ha/(»-\
- llr

< 7

A cap screw and a washer ase inserted into
a threaded hole to hold the jaw in place as
it is ground. Usually there are three jaws. All
are replaceable, enabling the chuck in which
they are used to accommodate other parts.

-

NN\

447 BN i

He

=)

The assembling hole is needed only while
shaft A is being assembled. Upon comple-
tion of the operation, the hole should be
closed to keep out dirt. Thought should be
given to how the parts of the fixture will be

assembied.
Assembling Hole
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1512 1513 1514

.Srronger when above center

CLAMP POST | !
Mosrt effecftive .

i %‘ near the end
|

| |

1 '

Vertical pull-
down por {;on

If the clamp were to break, it would break
below the hole. It would not break above the
hole since the force applied at the ends of
the clamp is directed upward. Raising the
hole above the center will strengthen the

| ;
ey Hole Location

Vertical
1iFt ——>

If the pin were put near
the shoulder, the effec-
tiveness of the portion of

I515

the shaft above it would CAM
be diminished consider- DEVELOPMENT
ably.

Hole Locati This is the cam design

most commonly used to
rotate clamp posts.

Clamp Post Rotation

SLAMP
1516 POST
l_ - -
Clamping portio |
ng ”—\ | |

T _‘:‘:‘
B4

\Uncilamping portion

CLAMP
POST

L ——

Wedge cams frequently have a clamping cam and an unclamping
cam. The latter, usually a 45° cam, retracts the clamp post. See the
Power Sources for Clamp Posts category for additional wedge cam

% ERTE PP 8 des:
esigns.
Cam Groove
Putting a cam groove used to rotate a
clamp post in the bushing instead of in the 1518 — 1519
clamp post proves to be useful when it is in- Clearance
convenient to place a set screw in the frame.

N T E Add a small
Clamp Post Rotation \\ | W Y groove or file

: ~ \ a flat,
1517 _ N : §

A small groove or a filed flat will al-
low trapped air to escape. Only one of

the diameters should be of press fit size.
Airvent
1520
NOT here
| The cam must be at the
end of the clamp post
———— when the shaft is assem-
Airvents prevent air trapped in holes from — bled and disassembled.
interfering with the movement of parts of g !
the fixture. The airvents should be placed in —-—
locations where they will not become clogged.
L4
Airvent Airvent Clamp Post Rotation
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Although sharp-edged bushings are
usually used to keep out dirt, some de-
signers prefer to specify a .005 flat.

Dust Protector

1522

1523

CLAMP

(s 1
@ |
NEG ®RENE @L_,

—~z

HOSE

Dust Protector

1524 1525

! | . |

.

of end of g hole

Dust Protector Dust Protector

|
| Welch plug closing

1528 A
[
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A
Bushing Removal Handle

NN
v
b

NV

The part is centered by
the bushing which conforms
to the spherical shape of
the part. Note that the ac-
tion of the cam tightens the
bushing against the part.

Bushing Clamp

1529

1532

during the machining operation.

Bushing Removal Handle

When it is necessary to remove a drill bushing
in order to replace it with another for an operation
that follows the drilling, such as threading, a han-
dle is added to the bushing to facilitate its re-
moval. The bushing should not be allowed to tumn

1530

Two-drill bushings with added
flats may be used to eliminate bush-
ing interference. Note the angular
cuts on the bushing to prevent the
drill from drifting.

Bushing

1531

The rotating drill bushing with in-
dexed slots is used with a pin to
eliminate drill bushing interference.

Bushing

1533

When holes are drilled
close together, drill bush-
ing interference results. It
may be eliminated by re-

lacing the, bushing with a
arger two-hole bushing. The
lower end of the two-hole
bushing should lie fairly
close to the part and con-
form reasonagiy well to its
shape.

Bushing
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‘Whenever a part is to be pinned to " Lengthwise
Drilling into the side of the end of a shaft, flats are milled on the Pinning to a Shaft Shaft Control

a shaft is not easy nor is shaft.
it accurately located un- Pinning to a Shaft 1540 154]

less special precautions

are taken. A flat is end- |]|539Q

Tilled before e drilling
-operation begins.

Pinning to a Shaft

NSNS

1538

/]

L 7 /

The most effective
clamping actionis pro-

duced when the cap .
screw is very close to Although tha shaft can rotate freely, it can move the at- Shaft Rotation Controf
the bare. tached part. A set screw in slot A of the part keeps B from ' 546

rotating.
Clamping to a Shaft Shaft Free-Wheeling

1544- 1545
/ Although the pin pre- F’mvgnfs
vents the shaft from turn- turning —s.

ing, it allows the shaft +o
be diseriqaged easily.

\
N
SPRING bt
|

BALLS
WIRE

The balls allow the shaft to rotate althdugh the
ead of the shaft femains in a stationary position,
fiemly pressed against the part being clamped.

Shaft Free-Wheeling
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Although the pin pre-
vents the shaft from turn-
ing, it allows *he shaft to
be disengaged easily.

Shaft Locking

1552

4

% |

Frequently the rotation of a
shaft must be limited to onhy
a fraction of a turn. Note how
the endmilled slot is created,

Shaft Rotation Control

1554
e

Occasionally it is necessary to
Eass'a shaft through another shaft
y means of an endmilled slot. See
llustration 496 in the Combination
Clamping category for the assem-
bly ofpwhich this illustration is a part.

Shaft Through a Shaft

e — :
— L _J; @
=

The clesrance permits
a limited portion of the
shaft to be decimal sized
and prevents the press fit
of the bearing from dam-
aging the threads.

Clearance

?_Z'/ i / v

Placing the offset set
screw in a dimple assures
that the shaft will be
tightly locked. Note the
relief which is essential
when close fitting parts
are machined.

An angular set
screw is used to lock
a shaft when it is im-
practical tc use a set
screw perpendicular
to the shaft.

Shaft Locking

Shaft Locking

ISE7

When plate steel stock is used, a
sufficient area should be machined
around the nut to allow the wrench
to be used.

Clearance

1556

\Hardened wear pod

\

Specifying two lock
nuts in this design allows
the nuts to be adjusted
to prevent the shaft from
being locked to the
frame.

Clearance

I555

The clearance limits the decimal sizing to the
bearing area. The remainder of the shaft may be
sized to & fraction of an inch. The clearance also
prevents the surface of the remaipder of the shaft
from becoming scored (roughened), which may
result from pressing the bearing onto the shaft.

Clearance

1558

When the height of the tongue is specified to
be identical to the depth of the groove, machin.
ing tolerances may prevent surfaces A from touch-
ing the mating surfaces. It is necessary to dimen-
sion to create a clearance as shown

Clearance
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Relieving the central portion of a long
shaft in a hole reduces the friction and pro-
vides a chamber for grease.

Clearance

i N T Tl 2=
L

1562

( iy
/ Slotted cleararce

LRounded ends cost more

A shoulder bolt and a nut may be used
to hold a rotating part if a few thous-
andths of an inch clearance is allowed as
shown. A regular cap screw may be sub-
stituted for the shoulder bolt if two nuts
are provided. The nuts can be adjusted
as wear ocCcurs.

Clearance for a Rotating Part

When the power source shaft remains
in a horizontal position, an oblong slot
must be provided in the clamp to re-
tract it. Note the clearances and their
size.

Clearance Checking

1561

-Rotating part

(e

Locking set screw
prevents clamping

A cap screw and a locking
set screw may be used to hold
a rotating part if they are ad-
justed to provide the clear-
ance required to allow the
part to rotate. The clearance
is not shown below the head
in this illustration. The thrust
is absorbed by diameter A of
the rotating part in the coun-
terborad hole. It is not ab-
sorbec by the diameter of the
cap screw.

Clearance for a Rotating Part

1564

003 clearonce

I \
Rotating arm

A rotating part may be held
by a rigidly clamped shoulder
bolt if a few thousandths of an
inch clearance is allowed as
shown.

Clearance for a Rotating Part

A

%

AN

B

An enlarged hole may be substituted for slot
A in post D since the clamping force is applied
via shoulders C and not via the pin, but an en-

D

N v / Clearances of moving parts can be
, LS checked by drawing the parts in their
A~ unclarnped positions. Only in the un-

Vi clamped position do the angular cuts in

links H and G appear to be neces:ary

Clearance Checking

larged hole should not be substituted for slot B
because the slot is needed to retract the clamp.

Clearance Checking
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Belleville washer springs are
used when the load on the
spring is heavy and only a small
amount of compression is re-
quired.

Slotted washer springs are
more flexible than plain Belle-
vile washer springs. They
should be used only when it is
necessary fo maintain constant
pressure.

Belleville Washer Spring

1567

The limited amount of radial
and lengthwise space necessi-
tates winding the wire "on the
flat" as shown. If the amount
of radial space were reduced

1568
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Nested springs [two ormore
inside each other) produce the
maximum amount of energy in
the mifimum amount of space.
In a two-spring system, the
outer spring absorbs two-
thirds of the workload and the
inner spring one-third. Oppo-
site wound springs are used to
prevent coils of adjacent
springs from intermeshing.

Nesting of Springs

1569

Flat springs are
made of flat stock.
They. take many
shapes and forms.

Flat Spring

further, it, would not be pos-
sible to wind a rectangular
wire spring “on edge” without
extending the lengthwise
space considerably.

Rectangular Wire Spring

1570

Springs that are not made
of round wire should be used
only when the amount of space
available does not permit the
use of round wire springs. Be-
cause square wire has a larger
cross section than round wire,
a shorter free length square
wire spring will produce results
equal to that produced by a
longer free length round wire
spring.

Square Wire Spring

1571

Use of elliptical wire springs
applies in the same way use of
rectangular wire springs does.

Elliptical Wire Spring

573

Flat Spring

This torsion spring is
designed to unwind when
it is deflected. A well-
designed torsion spring
winds when it is de-
flected.

Torsion Spring

The coils G‘F a torsion spring
should wind when the spring is
deflected. This action tends to
increase the number of coils.

1575
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Torsion Spring

1574

Snap ring springs
are made of round,
square, or rectangu-
lar stock.

Snap Ring Spring

One énd of the spring is held in the
slot, A locknut should be added to pre-
vent vibration from causing the nut to

move.

1576

Torsion Spring
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1577

This arrangement is used to prevent
an excessive amount of clamping pres-
sure.

Avoiding Excessive Spring Pressure

579 17
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When space is needed for
the spring, it can be supplied

1581

Portion removed from A =

1580 1

fl ;
Locknut ~a

A locknut keeps the controlling nut in
position,

Locknuts for a Spring

NN
}/{/’ + / //

The spring fits in an endmilled slot of
moving part B and functions against
stationary pin A in the frame.

Retracting Spring

\\

by providing an endmilled hole
in the shaft for one end of the
spring and another endmilled
hole in the base for the other
end of the spring.

Additional Space for a Spring

1582 7 4

Ay
Snap ring \4 r vent

Additional Space for a Spring

1585

Shoulder

The chamfer eliminates the sharp edge
on which the spring coils could catch,
Some designers specify that a drilled
hole be endmilled to create a shoulder
for the spring.

Additional Space for a Spring

1583

' \\\ _: - Al "'\
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The spring wll function satisfactorily
in the curved endmi'2d slot to accom-
modate rotating part B.

Refracting Spring

1584
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STOP

Note the stop, airvent, re-
lief, and chamfers.

Additional Space for a Spring
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Note the use of the locknut and the
recess in the base of the spring for the
point of ‘the screw.

Adiusting & Spring

l5!'137 ’
|
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When long springs are used,
it is advisable t6 add a guide
to the base of the spring. The
guide may be used as a stop
to limit the amount of com-
pression of the spring.

Spring Guiding Stem

I58€
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Spring Guiding Stem

SPRING
PROTECTOR

1592

Use standard
wrench size

%J’;%

| i
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| \r{ |
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Air vent

A nut for a spring should be
locked to prevent the action
and pressure of the spring
from unscrewing the nut. This
may be accomplished by pro-
viding a shoulder against which
the nut can tighten. Airvents
are necessary to relieve the
pressure of trapped air.

Nut for a Spring

Sometimes one base of a
spring is attached fo a shaft
and the other is located at
the bottom of a counter-

bored hole.
Spring Base Attached to a Shaft

1596

S\\\\\

Shoulder

Not all designers specify a
washer at the bottom of a
drilled hole for the spring. The
spring’s sidewise movement
within the bore is controlled
by the hole in the shaft and the
hole in the nut. The chamfer of
the drilled hole eliminates the
sharp edge on which the spring
could catch.

Nut for a Spring

Spring Base
Attached to a Shaft

l

Spring shields prevent chips
and dirt from interfering with
the compression of the <pring.

Spring Shield

1597 — -

1598

Some designers prefer to

on the pin. The oblong slot
for stationary pin B also con-
trols the lengthwise move- ed
ment of A and prevents A
from turning.

Spring Base Attached to a Shaft

Althcugh this
have the spring rest directly spring rests on only

I-ﬁe flats of a pin it
will not be distort-

Spring Base
Attached to » Shaft

-
1595 Y,
j‘ﬁ\\'}

1599

1601

The threads provide for the adjustment of the

amount of tension of the spring.

Extension Spring End Holder

1600

1602
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1603 Passaqewa{ys ided for air or oil “I am a great believer in Luck

~NCES pressure or for lubrication purposes in- 7
volve holes drilled in several directions. The harder I work the more of it I seem

The entrances to the holes may be to have.”  COLEMAN COX

brazed or threaded to retain a plug. or

they may be plugged by pipe plugs

1604 1605
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o/l groove
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The conventional represen-
tation of an oil groove is shown.
Note the runout at the lower Providing recess A eliminates.the
end of the oil groove. need fo align B and C.

Oil Groove Oil Groove

1609
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03 rmax. dp.
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1611-1615

1611

Oil passage fo
opposite side

This drawing is detail C of lllustration 104. The meas-
urement of pitch P of the oil groove should be slightly
less than the measurement of the distance C moves

horizontally.

Oil Grooves

1613 . e cam-

1612

This drawingis de* ", uf illustra-
tion 104, The rart functions ver.

tically

Oif entrance—
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QOil Grooves

The measurement of

Oil Grooves

pitch P of the oil grooves
should be less than the
measurement of the dis-
tance the part moves.

1614

_f_




Answers to Problems in What Is Wrong with This Design?

Illustration 1388:

The cam and the clam post with its pin could not be assembled. A vertical slot should
be provided at the left end of the endmilled groove for the retracting pin. Then the clamp
post and its pin may be lowered in the bore to engage the cam. See Ilustration 950.

Hlustration 1389:

The cam that raises the right jack post will rotate as the knurled knob is turned. This
cam needs a slot for a dog point set screw. See lllustration 916.

Hlustration 1390:

It is not possible to assemble the spring and its button in the shaft nor to drill the hole.
The hole should be drilled from the end of the shaft and shown accordingly. The button
for the spring should be longer. No airvent has been provided.

Hlustration 1391:

The hole in the shaft is not large enough to permit the cam to be inserted. The angle of
the cam is too large to provide strong clamping action.

Hlustration 1392:

The holes in A and B are not large enough to allow the dowel pins of C to rotate suf-
ficiently. to retract A and B. See lllustration 225.

INustration 1393:

The narrow portion of the Tee of the jack post is not cut high enough on the post to
allow the post to be retracted.

Illustration 1394:

The eccentric and the vertical post could not be assembled.

Illustration 1395:
The post and the equalizing trunnion could not be assembled. See lllustration 150.

-

llustration 1396:
The inclined hole could not be drilled from either end. See lllustration 1505.

Hlustration 1397:

There is no end clearance for the rotating arm.

Hlustration 1398:

The shaft could not be assembled with the trunnion. The thread relief should bt ex-
tended down to the horizontal centerline. See lllustration 93.




Internal clamp, two-position, 268 to
276
Internal collet (see Collet, internal)

Jack, 813, 878 to 900
with built-in lock, 801 to 911
double, 855, 912 to 916
equalizing, 930 to 933

double, 917 to 829

leveling, 71, 934 to 938

Jaw, chuck (sce Chuck jaws)
vise (see Vise jaw)

Keg; 837, 1447 to 1449

ll-type, 1313

Keyway, 1452, 1453, 1457

Kickback, 86, 103, 151, 155, 160, 208,
231, 268, 361

Knife clamping, 54, 460 to 463

Kncck-out part device, 59, 160, 1359,
1361, 1362

Lathe center, 1204 to 1215, 1499, 1501 to
1503

Lathe clamping, 1221 to 1224

Leak test clamping, 194, 1080, 1353

Lengthwise control of a shaft 1537 to
1541

Leveling jack (see Jack, leveling)

Lid, 1042 to 1072

Lift hook, 1346 to 1349

Limit switch, 1304 to 1311

Loading, multiple, 667 to 721, 857 to
859

Lock, collet (see Collet lock)
cone-type, 529, 668, 826
eccentric- , 45, 312, 1209
shaft (see Shaft locking)
thread (see Thread Locking)
wedge, 1204, 1282

Lock nut ( see Nut, lock)

Locking, shaft, 1545, 1549, 1550, 1552,

1553
shoulder, 1433
thread, 549, 1431, 1432

Machining, 1505 to 1511

Mandrel, 998 to 1015

Micro adjustment, 1338, 1339, 1496
Miscellaneous, 1324 to 1362

Multiple loading, 867 to 721, B57 to 859
Multiple parts, 1504

Nested springs, 906, 1568

Nut, cylindrical (see Cylindrical nut)
lock, 1216 to 1220, 1556, 1580, 1586
quick release (see Quick release nut)

0il, and air passageway, 1603
use of in clamping, 14, 214, 668, 679,
680, 683, 817, 1004, 1010, 1012,
1015, 1150
0il groove, 1606 to 1615
One-way clutch, 893
“0” ring, use of, 178, 210, 1125

Parallel transfer of power, 1344
2

Part knock-out device, 58
Parts, holding, 1196 to 1203
multiple, 1504
raising, 529 to 548
Pinning to a shaft, 1534 to 1536
Pliers, parallel, 1381
ial, 1380, 1381, 1383
Plug, expanding, 1351
welch, 1525
Plunger, 992, 995, 997, 1225 to 1252
Positioner, 417, 772, 782, 783, 1233 to
1303
Power, parallel transfer of, 1344
Power source for clamp post, 939 to
952
Pre-position fingers, 183, 773
Puller, 1374 to 1377, 1385
Pump, hydraulic pressure, 1354
Push-pull  spring-loaded link, 1340,
1341
Pusher clamp, 419 to 459

Quarter-turn screw, 1345, 1500
Quick release, 219, 248, 263, 305, 700,
1073 to 1113
bayonet-type, 1079 to 1083
cam-type, 1097 to 1107, 1127
drawbar-type, 1086 to 1093
thread-type, 1094 to 1096
Quick-release nut, 1084, 1085

Rack and pinion, 95, 96, 104, 258, 434,
453, 540, 671, 826, 827

1335, 1337

Recessing tool, 1372, 1373

Relief, 1420 to 1427

Rest pad, 1152, 1483, 1484

Rocker arm, 1454 to 1456, 1458,
1459

Rod, tuming of (see Turning of rod)

Rotation shaft, control of, 1543, 1545 to

1548
Rubber hose clamping, 5, 708

Screw, cap, 1444
half-turn, 1345
quarter-turn, 1345, 1500
set, 1438 to 1438
Serew handle, 1434, 1435, 1438,
1439
Seal remover, 1367, 1370
Shaft, pinning to a, 1534 to 1536
Shaft clamping, 3, 41, 812, 1137 1162 to
1191
clearance, 1551, 1555, 1556, 1559
with a rotating part, 1560, 1561,
1564
lengthwise control of, 1537 to 1541
Shaft free-wheeling, 1542, 1544
Shaft indexing, 988, 890, 996, 1178, 1180
Shaft locking, 1545, 1549, 1550, 1552,
1553
through a shaff, 1554
Shaft rotation, control of, 1543, 1545 to
1548
Shoulder locking, 1433

Slots and holes, 1508, 1510
Small details, 1399 to 1615
Snap ring expander, 1379, 1380
Socket joint, 1467
Special tools, 1363 to 1387
Spherical base, 1460 to 1464, 1466
Spherical cutting tool, 1384, 1386
Spinner, 1363
Spring-loaded link, 1340, 1341
Springs, adjustment for, 1335, 1586
attaching base to shaft, 1593, 1594,
1597, 1598
avoidin_ excessive pressure of, 1578
Belleville washer ( see Belleville washer
clamping )
chamfer for, 1585
extension spring end holder, 1585, 1600
to 1802, 1604, 1605
flat (see Flat springs)
guiding stem for, 1587, 1588
nested (see Nested springs)
nut for, 1592, 1596
offsetting of, 1589
providing additional space for, 1579
1582, 1584, 1585 :
retracting, 114, 186, 329, 922, 1324,
1581, 1583
shield for, 560, 1590, 1591
tarsion (see Torsion springs)
wire, elliptical, 1572
rectangular, 1567
square, 1570
Staking tool, 1366, 1378, 1382
Steady rest, 1327, 1328
Stop, adjustable (see Adjustable stop)
Strap clamp, 549 to 575
walking, 576 to 602
Stud er, 1385
Swaging tool, 1365
Switch, limit, 1304 to 1311

Table clamp, 972 to 986, 1356

Table leg, 1343

Table turning, 991

Thin part clamping, 178, 196, 210, 263,
269, 270, 272, 510, 523, T73, 792,
803, 886, 1223

Thread, adjustment of, 7, 79, 305, 535,
551, 626, 710, 749, 1334

Thread chamfer, 1429

Thread locking, 549, 1431, 1432

Thread relief, 1420, 1426, 1427

Three point clamping, 589, 1153,
1155

Thrust, 1494, 1497

Toe clamp, 356 to 393

Toggle linkage clamping, 16, 340, 401,
439 to 441, 443, 477, 639, 641, 722
to 747, 820, 850 to 854

Tongue and groove, 1450, 1451, 1558

Tool blank, 1342

Torque handwheel, 1333

Torque protector, 1335

Torsion springs, 100, 126, 220, 308,
736, 1252, 1265, 1571, 1575 to
1577

Tripper, 1329

Trunnion, 74, 125

Tumbuckle principle, use of, 65, 69, 174,
330, 53{ 624, 698, 745

Tumning of rod, 563, 1044, 1441 to 1443,
1445, 1446

Two dire

Undemea

Vacuum |
Vee blocl
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1594,

578
vasher

1600

1324,

p)

Two directional clamping, 465 to 491
Undermneath clamping, 836

Vacuum clamping, 620 to 623
Vee block, 1315 to 1319

Vise jaw, 652 to 666
Vise-type clamping, 29, 624 to 651, 861
to 863

Walking strap clamp, 576 to 602
Wear pad, hardened (see Hardened wear
pad)

Wedge cam, 38, 76, 182, 299, 419, 585,
644, 948 to 952

Wedge clamps, 603 to 619, 1465

Welch plug, 1525

Weldment, 1399 to 1419

What is wrong with design, 1388 to
1398

Wrench, 1368






