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Cylindrical nut B
when fitted into the
sockets of A actu-
ates the clamp.

The small angle of the clamp shaft rigidly clamps .
the part, the dog point sét screw preventing its
rotation, . . )
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.Th.e clamp is actuated by a rack and pinion. The .
twa jaws which were held apart by the small spring
_ " areforced toclamp by pin A. _
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The springs sllow the clamps to equalize. If & portion of
the part is a bit to the right of center, the springs will ac-

commodate the portion that is off center.

screw A is free of

pin B, but in ﬁnclamp 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-
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* 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 could move the clamps. In such instances a locking

L i . device may be added.
Note how the end of shaft A is milled to create : R .
key A, .
External Equalizing Without Lock
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A and B mave in stot F of C a5 well as in
the bore, Spring D spreads the jaws. During
the clamping operstion -the strong collet
locks the clamps. The key prevents E from
turning.
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External Pull Down

As A, which is pinned to nut B, is turned
clock-
wise it pufls D up and, by means of E, pulls F down,
Continued turning of A rotates C and pushes i

External Pull Down

Forces A downword
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Whnn C is screwed downword it pushes pin Adown,
Rocker B, pinned to A, then Iorces the clamps fo funchon
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sbrings such as gorter, torsion, extension, or compression. It is necessary to retract some clamps
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11 the unclamping opera-
¥un the dipping pin strikes the
vietback of one clamp. This
¢'amp in turn kickbacks the
sther clamp.
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STRAP CLAMP For adjusting eccentric
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Useful with com operated clomp post.
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The eccentric pin provides adjustment if a cam or other

power soufce becomes worn,
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Rack B and pinion E rotate shaft C and
eccentric F, which fits in the bore of
clamp A, In the clemping operation the
spring-losded button pushes A to clamp
position as eccentric F oulls 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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When shaft D is turned, the eccz
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8 pulis it down. i» the unclamping OP"':S
the clamp outviard as eccertric R ral

“I don’t think much of a
man who is not wiser
today than he was

yesterday.”
ABRAHAM LINCOLN
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The power is transferred through pinion D to C,
which has racks on opposite sides, one for pinion -
D and the other for A to which the clamp is af-
tached by pin E. Pinion D moves C horizontally,

-causing C in turn to move A vertically via the

mating racks. As A is moved downward, clamp B
swings in place and clemps.
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SUPPQORT

The spring holds the roller in the retracting cup
of the com until the stop pin of A strikes B, Then
the roller slips out of the cup and the cam initiates
the clamping action,
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Replgcable for different sized parts
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The clamp post is rotated by
pin thraugh 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,
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Helical gears rotate the clamp posts. A nut ans

washer stop their rotation in the clamp positior.
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The clamp may be adjusted with a wrench to accommodate parts -
with varying diameters. Note the use of two locknuts fo control the
rugness o?fhe mating spherical surfaces. The wrench opening needs
a cover to keep out dirt. .
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Endplay allows slippage be{ween 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- 7
posite-hand halices must be used to equalize the clamping — - - B o
action, = - :
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When' A is raised, the three clamping jaws B retract and : U ' ‘ /"/]L . : ' :

the three fingers are moved to the shaded paosition b . S ' : ]

springs C to hold the part anly until it is lightly clamped. = ‘

After cone D retracts the fingers, E meets F and full pres- 1 -

sure is applied to jaws B. The gngers are called pre-position |

fingers because they merely focate the part for clamping £
. and ere removed when the part is m chined,
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Tightened with a spanner wrench
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Internal Clamp

*Heavy machining might rotate the part and the springs if
they were not keyed by B. The "' ring prevents the springs
from reversing themsalves when excessive pressure is ap- -
plied in the clamping cperation.
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" The eccentric expands the splif ring which is pinned in two ™
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This design is suitable for light work on thinparts. -
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© " One thing you can give and
still keep is your word.” ...
' " ELMER G. LETTERMAN

| —0 rine




ey

212-215

213

Internal Clamp

" Internal Clamp

MPORTANT

If you would like to see Volume 11
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

" Industria] &Business Books Division

McGraw-Hill Book Company
330 West 42nd Street -

" New York, New York 10036

 INTERNAL PULL DOWN CLAMPS
Frequently an intsmal pull down damp h=cks onto an witernul shouldar or o fop surface, By

necessity the jaws (hooks) must collapse by swingin

g inward or retracting horizontally. Springs,
cams, kickbacks, cones, or links are used to move te jaws. ‘

24

=} Note the use of kickbacks to retract the hooks

i

Internal m”aown

and kickouts to,_spread Hnem
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As the table rotates counterclockwise, tripping arth C strikes belt D and rotates rocker
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
- B forces pin A in clamp F to move F, thereby unclamping the part. -

8 STATION

X . e - ‘
Multiple Loading

about a large table.

ROTARY GRINDING TABLE

Belleville washer spring
does the clamping

©TO UNCLAMP

As 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

i
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- Multiple Loading
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between L and J until they rest on equalizer D at K
face M of C and rotates about pin E. :
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A is pulled down, the
clamp position.

Internal Equalizing Pull Down
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to C by pinsFF.’l%en ?_::":‘; raised?ihfsl?av:s sl?de fhrou.:;?'n ‘affea;?::iig 4 :

7 " UNCLAMP
When A is faised, B strikes kickback D and
titts B. C is the shape of the opening. When

spring returns B to

254

216—219

216

A is the clamping stop for the two J'aws C. When B is raised, jaws C are

retracted by the kickbacks in the wal

downward by the jaws.

" Internal Pull Down

of D. The spreader pin is forced
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When D is raised, the spring retracts A
and B. Cams C spread the hooks to the
clamp position. Note the vertical pul
down portions E. :
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In designs involving. a moving nut, the nut must not be al-
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spreading
1 the jaws

“When pin Ein shaft Bis raised, it enters the car o
- ~=gf C and D_to retract them. Simulfoneo'us|y. th
== spring raises A, In the clamping operation, E-
. pulled down inta the vertical porf!on'of the ca
" grooves, spreading C and D. Continued pull dov.._..
- of shaft'B causes A fo clamp C and D. :

RETRACTED

~Z_Before the part is raised by hooks A and __| . o
~Bithey are spread by cam C. Then cam
__raises and c!amps the part, - “
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‘LKICK BACK

CLAMPED
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Internal Pull Down

‘ l'TO CLAMP
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Trave! of clamp /s nearly horizontal
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“__ explain his book 1o its readers. Reod T
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A will puit //< / Dirgction for removal

down clamp v ard inserfion of part
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Note that the part must slide over the
clamp jaw before it can be clamped.

Internal Pull Down
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Com E of C contacts D of
fingar A, forcing it ‘oulward,
while G contacts F, forcing B
outward, As C s retracted,
pressure from spring-loaded )

H on the kalf cones of A and -
Brefracts A and B. Key J keeps
A and B in line,

| | d
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The three centering prongs A center the part
* before the clamps lower prongs A and the part
to clamp position. In the uriclamping operation

- the rise of prongs A is stopped by B.
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: X ‘ 748 I / . * part is unloaded. Pin ‘A prevents the post
K \ ;’e,«-ﬁca! p;///- : f from turning,

' : on portion . , ' k. - Internal Equalizing Pull Down
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Rotates
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DEVELOPMENT
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" Internai Equaltdng Puli Down

A
v
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Internal Equalizing Puli Down

The springs swing the clamps inward during the
unclamping operation, Cones A return the clamp:
to & verlical position from which B permits ther
ta be pulled down to clamp the part.
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- internal | Equalizing Pul Down

Quick release A is removed when the unit is ur-
clcmped See Quick Release category for a var:
. ety-of this type of desngn -

CHARLES F. STEINMETZ

“===""""No man really becomes a'fool ===
 until he stops asking questions.”

SR 264-267
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"“The man who follows the crowd will
never be followed by a crowd.”
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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
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Expander A slides within expanderC. Spreaderl (seede- |
tail also) forces A [see J on detail of A} downward, thereby
spreading the three jaws B. Simultaneously, spreader L
forces C lsee K of detail C) upward to spread the three

jaws D

When spreéder L retracts to the right, pin F puils eqund.
er C down and its kickback retractsjaws D. At the same time
pin G pushes expander A upward and ifs kickback retracts

jaws B. :

Plates £ and H contain slots for Fand G and are fastened
to A and C. Note how links N are fastened to nut M and

rocker O.
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Internal Two-Position” Clamp -

269
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G tighten H to J when the unit is assembled,

B T

Internal Two-Posiﬁon Clamp

When J raises H, the three balls E push D lzupward and F downward,
txpander D spreads the three jaws C while F pulls down on the bolt
ard expander B, which spreads the three jaws A. Pins inserted in holes

.. " bymeans of the

_-. turing. -

Internal Two-Position Clamp,

As the handle is furned clockwise, nut (ex-
pander] B spreads the three jaws A, and
screw C forces expandér D down to spread
the three jows E. Springs retract both ex-
panders; garter springs retract both sets of

~jaws. Jaws A function in grooves of B.

*" Internal Two-Position CI;amp i

A jhe: nu-f- {;'}urned. Als Forcéd down and Cis pulled up T
shoulder at B. Pin D prevents the bolt from
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AS USED ON

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 to E. Pull-
ing A down also actuates the strong spring to pull down 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
& stops for jaws F. If there ware no stops and no part in place
when A is pulled down, the strong spring would very fikely throw
the jaws free of the unit. The spring preventsjaws Firam cver-

th

ciamping_

—
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Internal Two-Position Clamp

Turning the handle riises nut A, which raises collet. :
B against expander F, and lowers aut C, which forces
collat D down against expander E, thereby enabling
bath collets to apply a1 equal amount of .
Nuts A and C carnot turn because they sfide in slot
G of sxpander F. Note how expender F is held ot its .
fower end. '

~%. ——Internal Two-Position Clamp

en AN A is turned, it forces the three jaws. C -o-n..u-h;vard and ™"
____Pulls upward on B, which forces the three

: rees jaws D outward,
___?Pplyﬂg_gqual pressure on all fows. T =i !
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For holding handle in upright position
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Internal Two-Position Clamp

A forces expander B down, expanding collet C.
Expander D helps to expand callets C and E.

The two jaws, A and B, function at right angles to jaws C
and D. Expander F spreads A and B while expander E
spreads C and D. The linkage permiis equalizing of the four

jaws, which are retracted by flat springs. :

Internal Two-Position C|aﬁ1p

CAM CLAMPS -

 The types of cams commonly used to actuate clamps are eccentric, wedge, radial, and axial
as well as threads, which are a form of a cam. e o

Cam Clamp ..

Cam -Clamp
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L ! _the cam, . : i : . ] :
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:.i‘ ‘ 28l . T o 282 -
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Greater clamping force may be obtained by -
N screwing the set screw in a bit more. :

o Cam Cfa'mp._ S o

| e Z5If you are sufficiently
H| T disgusted with a present
" design to do something
.5 about it, you are on the
o - - " . T % y e W |~ T rightroad to creating an "
..... T : : —Y . 4 y % _ : ©invention,” .
s ) BT . P N R 1o HAROLD CILARKE
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A L — The bas:c prmclpfe used in the deslgn of ihe ’roggie ]mk B :
R ! ECCF—NTR’C c|arnp is also used in.the designof vise grip pliers. WhenBis — | " .ocsre
T 1 ——— r_LI in line with A and C, the clamp exerts the greatest amount
- o ’ - L o ... of pressure. Stopping B slightly beyond the straight line AC - -
[ G R R B , ~ —will prevent vibration from loosening the clamp Noie the
= B e B ol L 1 || 2 unclamp prlme marked posnhons ofihe pms o T
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{I wplfnir;pgrres;-h'{shzo‘]ggle]Im[lf i'aér:p with the one that has been ex. b S b, ‘ _ : . _ The spring forces clamp A 1o the part before cam “C ceontacts
e, GOOT- ink Clamping catégary. This f farnp neads : - tacking pinD. B pravents cam C frorn turning and from retracting be-
o stop. Note the furnbickle adjustment. - ‘ . | yond D, B also refracis A,
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_ :‘3 : Cempare *hls toggle link clam with the cne thai h . . ) %\ \ ! D
. 3;!! - been explained or see the Toggfepl_mk Cli'rlpfng aca*? : .= COLLET ' S 7 A )
‘ cory ’ ﬁ\ extends ﬂ':rouqh a hole in the part . : //// // //

. . B - . 4Er 4hp Par} 3 [Q,,d d and {O’CPS B to L o . 7 .

prvo about C, clamging tht part 2+ D, - *

* e Push ‘ i cprmg B{orces clamp A '}o the part before co?le’r squeezer C !ocks _

g [ Pusher C"’”_'P Pusher Clamp Ve - ( B he collet to clamp A -- . ) Turning the handle moves E and rocker
i ' b = e e . : arm C, which forces clamps Aand Gto
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WEIGHTED

i _ | f } )
] HanDLE -\L The weighted handle holds clamp ‘ ‘ -
- L | - posts A and B in clomp and unclamp
[ positions, . .
| —Kcyp.r-evenfs + T KNIFE CLAIViPS
- K/;of:’ turrrng o
1 .
; A knife edge should be used on only a rough surface. A round knife edge will last a long time
(~-fF= because if can be rotated when a portion becomes dull.
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i Shoulder bolt A fasiens the camo o ' ]
‘ B. The pinion is part of B. ' l' : " _-;',ijm wJ
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: N bg:-k it . T ¢ 464 *Setting A in a counterbore enablss it 1o bear
i : : the fhrust that the smaller diameter cap screw
i I - o T would have to absorb if A were to rést on the sur- B )
- -~ Pusher Clamp o ' - " face. A may be rotated when a portion of the .- :
- : 7 edge becomes dull. S N
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, 7 ‘ Clamp D moves the part o the right and clamp C moves il toward
: the rear. Rocker arm A applies pressure to cam E, which acluales D, and —-

— o 1A : ‘ ) . P lo cam B, which actustes C. £ and B fitinslodsin D and C 4 t th -

I \'AJO BERE C I EBE'\!AL CLAE‘%{%PHNG B from turning. Note how the offset springs retract ‘:lr:e clé:wg;_e"e” em . :
In fwo-directional clomping an operator applies o single force to the part in two places. This . ' _ K '
A

is frequently ochieved through the use of equalizers. The A, B, C pin designations used in the B ' HAEIN
Toggle Link Clamping category are also used for toggle linkages in this category. : : %] Be 1N ,
. , , ] 4;
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| ‘ . _ . ‘ . : . from turning
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Two Direcﬁ;:naf Clamping
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- When the handle is terred, G
pushas rocker arm-D. which pulls
down post B to actuste 'amp C.
At the same time, bolt H pu|r: on
link F, which {forces arm E o actu- S

- ——— — ——

- ate clamp A. G and nut J slide
Two Directional Clamping — N Linc?{'hw:se.'}o equalize clamps A

C. Inthe unclamﬁiﬂg eperation
the springs retract the clamps.

Clamp B ond equalizer C apply pressure to the | “o +
- partin three places. B is pinned to yoke Aand C [~ -1 P
is pinned to B. To ensure that a nermal right-hand @ ((

{urn is used to furn the handwheel in the clamping

S 7 7 operation, left-hand threads are necessary. This. -
/ . . ~ unit clamps two parts.
Soring pushes part R R g

over fo stop pod _ - : - S : - . : o
: e ‘ I | ? | | : Lo - - . ' * Two Directional Clamping ’ o S T

N ' B - Two D?recﬂonai”-a'_a'n;p‘ing . _ B : 471 . 7 )
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Two Direclional Clarmping

" Two Directional Clamping
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"~ releasing F, and then the linkage may be bent ot
. Band rofairercrir about Crorzm T Sende 2 T
- Adjustment of the foggle linkage is provided by”

- cdp screw K and nut P. D is not threaded: it acts

as'a spacer between the cop screw head and nut P~

Two Directional Clamping

1
This is an spplication of a toggle linkage. A, B, _...| -
. Cis 1he_+oggﬁa linkage and M the adjustable stop. - - | =
- Since B does not extend slightly beyond a strai E‘? _
line connacting A and C, an exira stop is neec?ed T o
$o prevent unclamping action. The exira stop is " * - I
created by cafch F hooking onte G.-The spring « .——} .17 7
holds E, of which F is a part, tightly against G. The .. 2 T
- operator pulls back on H 1o which E is welded, “- === oo




e e g e S, :
o e o, e o N T HL 3 A !

Ja ¥ L N !

479483 | :

479 480 484 485 |
5 ) 1.
. j 4 |

; - ' Commercial n

. ' ; clomp

- | D ) i

| |

; __

- —

- N

- i L

I Ct 48] - ' £ - An equalizer has been added to this

iy (:;' 7 “g ! - - commercial toggle clamp, Commercial

E = ; clamps are sometimes modified as an

! ﬁ economy measure. ‘
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B The cylinder causes two balls and four pins to actuate clamps A, =
N - C, and D. The part is forced against B as it is clamped. {
| - o .
o Equatizer A rocks about spreader B as Two Directional Clamping O
gk it adiusts 1o the part. The pinin the frame ;
Z-“i . prevents Afrom swinging out of position. ) - 487 AU !;
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& _ e o e S e T R - E1preveniing it from turning. Springloaded B refracts the .. . :
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Pin £ 15 in € end rmoves
A horizontally

T
mzo —
B \ 3 centering pins
" 120° aoart
/ D’

- "3 clemps 120° cpart , :
: _ , o : 5 Clomp B rotates about oI : 4 ——
- . - - . ‘ Dwhieh isin A and rarses L
: I Two D?recﬁonaliglirpp;ng - - . . Two Directional Clamping E T the part. t
v - - e - A : £
SN , . _ Ry / \\ o :
! - COMBINATION CLAMPING 1 B e
() DA | ® E\., 7R
- ‘ - ) ) . 1 I C 7 ';'.l.
" To reduce loading time, two or more different clamping operations may be performed simul- 1 77 4 };o\u;}\\'\\\ > =
S taneously. In some instances, equalizing must be used to avoid overclamping. All details should 3 ' | SPHERICAL / i
A be studied, not just thos tioned. Ob h ins @ : 1 "7 iy eHER :

T : P ] e mentioned, serve how pins and grocves are used to prevent por- 3 y

g - tions of the clamps from turning, and springs are used to retract the clumps. s : 1 - ]
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As soon as shoulder M is free of spring-
loaded expander H, the three centering pins
J center the part. Then clamp B pivots about
pin D to raise the part and clamp it against
S . A Before the clamping stage is reached. post
~ | € pulls pin E down out of cam croove N, -
thereby drawing A into clamp position.

& . o . _ In the unclamping operation, M raises H,
N 3 Tingers /ZO - .| 7 retracting pins J. Jaw B lowers, and pin Ein
74 aoarf fo’- R post C follows cam N of A, moviag outward -
cerniterin,
vy -

gy 7 7] /’/ i : — | o1 V- _ o NIR | (‘7-9 . ‘ _ ho’rigonf@liy 10':r.efe¢se the part. ...
R T TR R _ o 'R N V R e :

-G - Combination Clamp {Centering and Raising the Part)

— &

pins. C-to center the part before plate G raises
T —m e . ; i the thé&é arms F, \fhiﬂch._inr_r_i'prp,‘_for‘ce E 1o raise
- The p'ar_f"i's"Ea'siﬁ_on?é“;%c‘?*'.a’_:_ﬁsiis_hg‘uider A o N T e
- T R e W Al As His pulled down, spreadstE moves clamp T | ¢+ o e ' '

-Z----.. B to the right and actuates rlamp D {o rotate -

are . ) feh thetugs G .
“ " " to clamp position, The two jocks_are locked_lZf . - maren. 7

‘,"I:I.'._:;.H.;sepqroioly by Foo

- For use with parts -

L - P e . having lugs., o
R Cc}mb'in'aﬂ-;; Cf;a;p tln}émal, External, and J?ck] L o . . *""'ﬁ"iff_-l ‘_ - B — IV ‘
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CLAMP POST -
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Combination Clamp (Internal Pull Down and Pusher}
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" Roller C equalizes cam
B, which pulls dewn elamp
post Aand pin B E acty-
ales clomp F,

)

AT,
In the clamping operation, D forces 'lhe‘-g;%_,f.’
part against P. Bolt C via gimbal N (see de.
tait of M which is the same] actuales rocler
arm E, which pulls clamp post A down via
gimkal M. Note how C passes through era:
miled slo! K of post A, and how the 2aualzar
clarmo rocks about the nut af the top of A,

=1

S R

==,
I |1
1

o = Combination Clamp {lnlerna

[ Pull Do and Pusher] =+ T T
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W77

=[50 came by work”  —-"THOMAS A, EnjsoN——
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P,

When nut Fis terned, cam E forces spread-"T 7

~__.er Coutward 10 actuate the two jaws G that
- ._center the part, end bolt B is drawn down,

how pin D keeps the bolt from turning and -

e Cor%bi_t:ﬁﬁon _Clamp

ward and raises ¢
jaws lo retfract.

B

s

/s

\7///
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I/RUBBCR ~Raises expander A
R AT AL N S
IR NN
] \\\\ oad |- \\\ RN
RN xS \ R
I b ] i o .
: C 1 Centering plungers
3 CLAMPS —+ retroct when clamps
g are rersed
T

Raising 1runnion B actuates the three clamping jows to rofate in-
pringloaded expander A. allowing the centering

——re g —

\Cr_'nr’eri'ng

Combination Clamp (Certering and Internal Pyll Down)
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clamping cwasher A against the part. Note = |....

—_‘_(.'_Ce:'f‘?_e’hgia"r’a"1n§ernal'Pu][ Down) ~—= - .' o

——*I never did-anything worth ~ -
doing by accident nor did anyof my ”
- -inventions come by accident; they

C fif§ in & greove in Etokeep it from turning., - | -—eilz

Oblorysior - L1
o Hirough shart ]

o Vé;rn{gihafion,__qamp {Toe and Clamping in the Rear)
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EQUALIZING
JACKS

K
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\] 1

7
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ENTERING PLATE
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NPT o
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e b, .
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T L
g

il s
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F

The part is centered as it rosls on plate C.-As
funnion D is pulled down, the two jaws E swing
into posifion end clemp. enabling equalizing jacks
A fo level the part. Obsarve *he use of two snap

rings as siops.

Combination Clamp (Centering and E:dérn;al' Swing]

b2 502

3 CLAMPING JAWS )

"3 CENTERING__:JAWS

2!

N

1
N

‘1/7_1_'_‘__“___;,_.%,f//’
LA T

\\ V A

I 5
Springs gre power
source for centering
D

i
BN

7t LT = Combination Clamp {Cenfering a

Retrocts 3
cenfering
Jows T

- As F raises frunnien D, the three
clamping jaws A swing sutward, and
nut E sirkes .the three centering
jaws C. swinging them ouiward
also. E raises Bby means of C, com-
presting the springs. Before jaws A

“reach the c'amping positien, Eis
T Zlowered, frecing the springs te ac- -
. luale cenlering jaws C.

The space allotted fhe_springs.-i_;'m-

not adequate io accommodate one
" _spring of sufficient strength with—"[ -
the.required amount of compres-

sion, therefore two springs with 7.

- —greater combined compr
. areused,

Note the airvent

nd External Swing) 1.

_"er end of B,

essibility "
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As D is tightened, A is forced to clamp and pulls C up, which raises F and
pulls clamp B down. When unclamped, A, C, and D swing -outward, revolving

about E.

Combinatian Clamp Double Toe)
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| = H PINCHING
| s =8 \ . dottery [
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| D:I B As D s raised, it forces equalizer C 1o g
| i T_-_-—‘ ) actuate the two strap clamps, A and B. Lt
I . ’ .
’ P N : . T
! . r .J/’/ 7 . . ; v- . L : : b J—
\\ _ 1/ i —/ ) ; \ ?,\{/ A
M1 \\\ /V// o P ‘i [ \.L'H'THREADS-’/ hanote
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I 7 ‘ o \ T T
b - . S~ : - | ' ) : ‘
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?'i' Combination Clamp (Double Toe) : '
i When the kandle rolates the cam that actuates jaws A and B,
il 507 it also screws the cam onto the cellet, pulling the collet down
I against squeezer C, clemping the part.
. : ‘ o :
| —_ ~ Combinatien Clamp [External Collet and External)
{ .
i _ c C _ o
4 A N Clamp B is raised by screw 5I2 ‘
i y L Ja —_—— LA . D and forced to pivotl about . — 3 CLAMPS I80° SWING B
1 . y: 8 A - T 5 screw C. Upward procuure on '
R X e T s screw C from clemp B Torces B S |
i W//%/// 7 AA ; . + clamp A fe clamp. Note that oo : ]
M Fe _ I E=x | l —D N ST e '\\\\ the damps are perpqnd?éular T ; ; 4 . 7 e ] " - -
| | TSI T 7, eeather g N [ S S '
S R i T - : T N/, 1 | -
- = \ N, )
k| Y =) XA A _ ’
w’ . Combination Clamp [Double Tos} ) : \ - ﬁi}‘l 51 / : -
1 ' - . ; i N
| 508 509 - k\j _ TEN/RS ) j
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When G is raised, squeczer B squeezes collet 1 / =
A, which cannot rise due to shoulder H, and clamps _ / B =
. the part. As' G and B are raised, the spring pushes ! E / .
up expander F, which forces the three pins E to :
= actuale the three jaws D. Spring J prevents jaws / N B =
"D from overclamping, - o DT = % A
: e e e LTTITTIITT L _—:_ I // - - v “ B
. Combination Clamp (External Collet and Internal S
. Ie%s amasing what ordinary neenle.can — - -p—-—As Fis pulled dows in the clamping operation, expander A ex- =
. doi oy sol g_t Fhout pr 3 Peop d =} - --paids the collet; D-rotates clamp B into position and then p].lﬂs S
P “VO I:f ney _SC‘WOI_I wihout pr CCO?PCCEUO?.‘W T down, Cam C rotates D, Pi{l E Q_!JQWS-_B-*O mOVE'_Ol_'llY verhcolly I S
- notions.” - CHATLES F. KETTERING -— |- =z wifhin D. Both springs prevent overclemping.—— "~ .
g I e s o~ S _ _‘ e T R R T e e e ]
5F . Combination Clamp {Doubld Tae) S ———:‘; - Combination Clamp (Pu.{her and Jack) R * - I S - ] .- Combination Clamp (Internal Collet and Internal Pufl DO‘:‘"_"_
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| | | - - ) cy it ihabigton
- Of S | —— :
o N A S I ln the clamping operation, air enlers .

E ~ / ~ Wil e R “7‘ through the smalfer pipe, forcing piston
i { \I\ . /’_-_’\—\ o W _ ' C downward. The collet, screwed to
I I e r \\ - L . J C, is slso forced down against collet
: ( p o - \|| . """\ S A ek T i e — o — squeezer D, clamping the part af ifs
i [:) | o l b |' — : /'i/f—// S Ao oo —7 lower end es i rests on three pins. When
\ "7 . L LANIN 7 | . 17 A N / piston C moves downward, it releases

\ ‘ i N ils pressure on the prestressed dia.

Ze T l ; phragm, allowing it fo clamp the upper

DOUBLE ’ : \\\\\\ \\ . ~C
COLLET \\\\ N\ /
=S / |
- : BV portion of the part.
- T A & NEOPRENE

i 3 3 -
WCOLLET  Miiled slofsea In the unclamping operotion, oir en
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B=fore cam E Jorces B 4o clamp, spring-loaded
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seried rods, the three
part af fwo levels,

When A and B are turned in opposite directions by in-

jaws C and the three jows D clamp the
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STRAP CLANPS ,

L Strap cdlamps are clomped N re | : s : '

i P ] P ! mpe b)’ cams, nuts, screws, or drawbars, The)" may be retracted b)/ hcndr . o 1" " The groove acts as a step for both ends of the As wear occurs, the handle may be moved to Eﬂof.her of
S rotated away from the part, or completely removed to clear the part, Lo ‘rolation. - . the four threaded holes. Note the guard for the springs. e
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. .| “Whenthe handle is turned counterclockwiss, the

- cam drops into the recess and allows the clamp
1o be rotated. Note the needed stop for the
clemp position.
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Strap Clamp

This edjustable - height
cam-opsreted strap
clamp is & multi-purpose
clemp. Nete the use of
gimba! pins. The clamp’
may be roisted,
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effective handle-clamping action to turn nut A w.ﬁ:
the added edvant tage that the handle may be kept in
& convenient position. Noie the guard for the springs.
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The power source, either mechanical or hond, that clamps the strap domp also moves it into

“position and later refrocts it in a single operation. Observe the numerous designs for the walk-
ing feature of the walking strap clamps.
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' ERCEE . S The kickback roller pushes against block A fo mave .
Groove for spring ~ . the clamp inta clomping position, Upon reaching it. the
a . - Z " roller slips past block A at C, and then cam D clamps

in groove lf. which prevents the clamp from turning. In

the unclomping action the roller slips past C again,
L___,._r strikes blocf B, and retracts the clamp. The flat spring

_ /, \\ T i j pushes down the farther end of the cﬁa-mp. :
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et B . —_p e : ‘As unclamping takes place, " . -
(&, Vool Q (»O"f ‘ - / i w0 Fo having moved clamp A to o
f ‘ . In the unclemping operation, A . is o the right during the Cf{ﬂumEg z
B 1 :\ : moved to the left, and pin E in A (5ee ’ '3‘-'-*“1?1- moves a‘;"’Y ‘ "0!"" ' e -
; L T I T NH o _ detailed view) strites the left edge of Z and '1: sprng 'f ;aéfs c%{np -2
o :_—_“_J_;.—.}}:—*:Lﬂ | I : ’ "= groove F of B, forcing B {0 rotate shaft A{fo ' PP: new r;‘ a eﬂ] postiion — =
| N I R _'_J i © | © © H, which is festened fo B. H, in furn, ro- . of C. f'" D %‘{E’s e ’;"’_“'e‘ 1. - =
4 e e il ] ) tates clamp G. In the clamping opera- _ [f _ mento ‘{abr" - de fron we\-;
i ! : tion, A moves to the right, E leaves A - of D has been drawn out o o -
groove F, and D of A acls as a cam, - TO UNCLAMP . N == - P°S‘+'°"‘ el R M -
= - raising C of B; which_causes H tc actu- : - S N [ e i .- During the clamping opera- --| ~ « . .
| . ate clamp G. R . - M\F}\_\‘&\E\E\\?\}{_‘Z@ ; &L_ _tion, C leaves E aa ih?n Fol: T Z
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_As Ts rafsed in the-clamping cperation,
its rack cstates pinions D snd Dr. Pinion Di
moves F to the right and pin 8 of link G fol.

lows in the cam groove of F, thereby caus- .

5ng.p_'ln A of elamp K to mave K 4o clamp
Eosnhon. Then cam H of Fraisas J and clemps
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Spring retrocts chamnp

In the unclamping action, pin B of G moves
down fo the lower portion of the oreeve of
F-as F moves 4o the le*t. This causes oin B 1o
forc.e pin Adoretract clamp K as the dashed
position shows,
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Operates Separofely to
move Clarnp 1o lefr

N7 -

|_TO unct Amp - pEasd
e T ] —

il ) S—y—
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O

In the unclemping operation, pin A in cam
C moves to the 1e?* in the groove of clamp
B. When it reaches the straight portion of
the groove, it swings the elamp as shown. -
During the clamping action, the pin moves
along the circular portion of the groove,
leaving the clamp stzfionary. -
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‘ Walking Strap Clamp

. Pushes clomp

W.;l.k.i;;?.;—s%rs'p Clamp -

In the clamping operation, the pin in the com
pushes the clamp to the left. In the unclamping
operation, the exiension springs retract the clamp
The open, end slot in the strap clamp not only
keeps the clamp from turning, but also accom-
rmodates its horizontal movement.

7/

Retracts

Forwarc! clemp
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:: . - ‘ - i . redracts clamp B untll *he lef! ond of groove A
i : } i! || i S striles stationary pin C. Note the frequent use of
1 D. ring the unclamping ac " Ly NN a slot, one portion ¢f which is inclined and the
- ur ] - Lo .
i fion the cam of A moves arway b U other hor.nzcnfaL
] from H, and the pin-of A, o . ] . . o
- - which slides in slot Jlo{ rod F{. P - ' -
g _ retracts clamp B until pin C o P As the hendle is turned in the unclamping operation, —— - m
3 cYL. the frame stops it. Clemping L surface A meets surface C of block B, which is fastened 594 S \\ N
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K move clamp B 1o the right un- tracted by spring D ard prevenied from turning by N C i
¥ - til pin C stops it, then the cam the Tslot in which F is placed. The amount of retrac. ; TR
{ of A clamps B, tion is indicated by d. .'_m -
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.‘ Walkii- 5 Strap Clamp. 595 | L.
AL ot o ) . C ] . As E moves to the left, piston B moves away from : N . |- _ .
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As the hondle is pullzd Torvard, bar.”
rel com B forces clamp C higher on
wedqn A, clamping the part. W Vhen the
unit is unclampad, clamp C moves 1o the
left and the spring pushes the left end

" of C upward. .

Walking Strap Clamp -
| 597
g A - B\[@ - C D (E
N 3 CL_T:;}{/K z a o .
i - : Lol /« F ) As F moves ‘oward clamping
k = "'l"' \\\\ \\r D position, spring-loaded prsfo.n C
. : . = @ moves clamp A 1o he left until the -
; \\\' | @\\\f 3 J—/—/—Z/ / —-.' post slops it, then cam D of E az-
: - ] 4 & - Huates the elemp. li is retracted by
_ TRRIT ///////// 777 A L eobinpsenC
\\\\\\' {\\\\\\\\\\ \\\\\\\W\
! 1
‘ . © TEE SLOT _ E
' - Woalking S-}rap Clamp ’
. F moves fo the right and cam G aweay f-om P =
its c|amp:ng force during the unclamping ac. /8%
tion, Pin A in F then sirikes the B end o? the {:;.‘,;’

and retracting clamp C,

As F moves to the left in the clamping op-
eration, A moves awa {rom 8, end the spring .
pushes clamp C to the left until pin Din C B
strikes the left end of fhn slod in frame E. =
Then cam G clamps clamp C. e

o e POWER SOURCE—/ B
J e Walking Strap Clamp

KICKBACK

The spring moves clemp A 1o the' lofi as B moves
o the left untit ot C sirites stationary pin D. Then
= the wedgeé cam of B clemps A. The Victback of

B relracts ihe clamp

B _ _V_‘v’aﬂ.mg Strap Clamp

600 - 604

ECCENTRIC

~Welking Strep Clamp
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Walking Sirap Clamp

“The ladder of life is full of
splinters, but they always prick
the hardest when we're gliding
down.”  WILLIAM L. BRUWNELL g

. Walking S’rr.ap Clamp _

endmilled groove, compressing the sprirg _

603

Wedge Clamp " Vledge Clamp
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VACUUM CLAMPING

light mochining. E -

Vacuum camping is usually limited to thin, flexible parts and odd-shaped parls suitable for
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Yacuum Clamp -
[ ;7 I’l
Yacuum Clamp o o o

'
H
{

s

K

VISE TYPE CLANPS

Vise-type clamps are actuoted by cams (including “wedgetype), racks, gears, thread, rocker

arms, or toggle linkages. They may be designed fo locale the part or to equalize it relative to
other clamping. . :

624

Some designers prefer that one clamping jaw be a plate
and the other a v-block. The two threads in a centering vise
must vary s to the number of threads per inch to permit
each jaw 1o move in properly for centering regardless of the
_ size of the diameter of the part, Observe the different di-
rections of a, the differerce between the radii.

s
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Vise Type Clomp ...

_ % (P17CH) B

. a :
| = - = =.
(SIN®=SINE = Sroireqy =832

©=564"
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" The ratio of the threads is 1.400
to 1,030 although the movement of
the jaws is 1.414 to 1.000, becsuse
the degree of accuracy provided is
fficient 1o center rough castings

Two vee blocks give poor
clomping of out of round
_rough castings or forgings.
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and forgings.
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Vice Type Clamp 7
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Vise Type C]amp

Turning and locking the LH. nut allows the clamp
in which it is located to be adjusted, thereby mak-
ing it pOssnb?e for the c[amps 1o center the part.
See Shaft Clamping category for more examples
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Vise Type Clamp

C pushes jaw A and pulls jaw B
to clamp position. E retracts jaw A.
Both jaws and screw D may move
horuonia”y t equaliz. abouf the
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Vise Type Clamp

631-633
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: Wl 7op view
| ofC
e
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\SEAL

" Rock

As C is moved forward, the racks of A and B
maesh with those of C and move
clamp position. The 7° angle of 4
strong clamping action.

jaws A and B to
e racks creates

//ﬁéi

ﬂ TO CLAMP

NS

Vise Type Clamp

Cyhindricol pin A fiis in reamed slot in C. Slot inC

/s needed for assembling.
EQ UI_\!_._I ZER

2

V'sc Type Clamp

As links D- and E approach the hornzonfal ihe apphed force is qm’re :
. strong. When a part is o bit undersized, center pins Fand G-will move = 7|
_.sbove the horizontal, 4'e1|r~vung fhe c]ampmg‘ unless there-is s stop, Thisis -~ - [
a +ogg!e hni: clamp.

<) Vise Type Clamp
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| The basic principle used in the design of the vise grip pliers is olso used in the design of the : :
i toggle link clemp. Either a rigid or an odjustable stop must be provided in the design of the ; :
b toggle link clamp to prevent it from unclamping. Some toggle clamps have a builtin spring

| - to ovoid on excessive amount of damping pressure. 7 S '
i - Throughout this group, the damp link pin of the clamp is lubeled A, the hinge or elbow pin is
! - lobeled B {the one to which the power is applied either directly or through additional linkages), N -

~ond the stationary pin. is lobeled C, T o S -

| The_maximum amount of clamping pressure is created when pin B is on the line connecting Lo i

% pins A and C._ltis a common practice to allow pin-B o go slightly beyond thestraight line | ( —
connecting A and C before stopping it to prevent vibration from creating an unwanted un- — W%

J clemping action. - /
i (‘ : o The spring holds the handle up
|(' AR < when the fixfure is unclamped.

\;
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| ! ! K{) : - ; : . Toggle Link Clamp (B beyond C, A)
. V////////_////////////////7/f Vs s
' . : - . 726 3
: . Ferce applied o pin B brings pin A of clamp 3in line with ' : -
1 o . - B and C 10 creste the maximum amount of clamping pres- TORSION SPRING __Q_______
| sure. Note that 8 is beyond A and not between A and C as oty .+ A 1'_ .
| . ' . itisin some of the cther toggle link designs. Movement of B~ . : ) o4 ' d T
.. - - beyend a line connecting A and C initiales an unclamping AT T b B - 1 -
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The hollow drawbar accemmodates a long part.
Cem C spreads the three rocter arms 8 that actuate

the three jaws A 1o move horizonielly.
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ng-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
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This design can be used when the }
" enougho clear the pa L
- 7 TChuck Jaws —

aws cic} not retract far

{UCK JAWS
Gh J -! i
i
These jaws for a commercial three-jaw chuck
are designed to hold an iregular-shaped pert.
Chuck Jaws SR
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When the three jaws of a chuck cannot
be refracted for enough to clear the part,
this design cen be utilized. The refraction
of jaw A permits supplzmentary jaw B to

‘be moved far enough fo the lafi to dis-
engage the keyway of B from tongue C
of Ain order that B may be rofated up-’

These jaws for a commercial thr
an irrsguler-shaped part.,

Chuck

ee-jaw chuck are designed 1o hold

Jaws

ward, thersby clearing the part for re-
meval. Only one of the three chuck jaws
requires 2 supplementary jaw.

Chuck Jaws

prestressed jews can be dished,

"A limits the exient fo which the diaphragm actuating the

When Bis pulled down, the diaphragm is disted
downward, collepsing the siv prestresced jaws £,
. The pin prevenis B from turring. The extent 1o
which the diaphragm can be dished is limited by C

~ DIAPHRAGM CLANPING ] S N

S

L _ : 801
\ A diaphragm chuck is based on the principle that a thin plate may be forced to become - : : -
| 1 dish-shoped. The plote (called o diophragm) is round. Its outer rim, which is thicker thon the The cam causes the diephragm to d"‘h,.e’"-d_*f;
. ' . - . spread the nine prestressed jews. The cyfindrzsl
| dnophrogm, is qufened to the bo_dy. . . . Lo L portion of the shaft is the com. !
Force applied fo the center of the plate causes it to take the shape of a dish. The part is - 1 C i
| & then inserfed between the jaws and the force actuoting the diaphrogm is removed, allowing @ ] |-
1 the now prestressed jows tfo clamp the part firmly. Reapplication of force to the diophrogm -
: unclomps the jaws, freeing the part. : ) -
1 798 i E
) : DIAPHRAGM - - - - |
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TR TR U (1 . T
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1 e : = SNE = S S o N :
1 : o oA R 1, \\\ \ -+ :The eccentric couses the diaphragm to dish R :?5 , \ e R
: - _ Y P .//' v ... downward and to actuale the jaws 1o clamp the A1 ] 17 . il \\ - y
x ' cls 2 ﬁ 1% ] ; - part on the bore of the diaphragm et A. B controls e = PN : L
} o F T C 11 /, -~ the exlent to which the diaphragm can be dished, -0t T - : ! ]
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8Q2 . Insiructions on the drawing give the ol \

lowing directions on how 1o presiress the
collet,

Espand callet A 010 on the dismeter.
Solder the dlats of the collet and grind taper
1o {it expander B with diaphragm C deflected
019. Defleci diaphragm C by inserting serew
at D, then grind collel A 1o size, and concen-
tric, and square with surfacas X, Y, Z. E limits

the cxient 1o which the diaphroam can be
dished. Pes

Turning screw D moves B and raises
C. which dishes diaphregm A upward,
clampirg the part internally. This chuek
is designed for the part that must be
rotated during the mazhining process,

Turn by wrernch 'i ) (&
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1 , il L : ‘ When force i spplied to C. the eight pins B force Ato
: - T Holes # 3PS Mo raise the cenfer of the diaphragm, fheregy spreading the - .
77777 oles for remov- : : cight prestressed jaws. RS ‘
TO CLAMP . .
/ £ .
: - & &y fingers —<\ _ : S . . Disphragm =
| o ‘When B raises the disphragm, the jaws are ac- J@ | "‘ﬂ 808 S _ .
1 tueted to clamp the bore of the part an the pe- ) N ‘ - A . cema R
: . - _ripgeré of the 1f}i\ia;::l:r‘r;agin'ﬂ at ? Jh_e four ‘rubger - - | For two : s -
i . o - pads dampen he vibration o the ikin part, - ] S TR lengths of T
i.;: n L-_ S e o Diaphragm - — - s o i ) ; e parts . - L
:1'%_; 3 | - Al ' ///i, ; Z Z// R
1E:: . j V.The aréWbar {ofces the diaphéaéh tq dish . _f TO UNCLAMP _'_‘V_'. 1 e .
'13: = = do“_"'flwé_fd. thereby clamping the part on the - - i L —| - i I o o :
i 1A . ;-,E?Flp_ber)’ of the borg of the diaphragm at A. S e - L ‘ _ ‘ o DRAW ‘ \! & S AN
i1 - ‘ el [ R ; B el DT ST BAR _ \ B
i | /// /1 FasA | T _ e B R C T TTEY o JPins A unclamp the prestressed jaws. When the - - \\ N -
o // A 2 ,//f"/// A-1- LI X te ST e " longer of the two parts the chuck accommodates - == o
o B 1| : ' e | T R is pasitioned for machining, B is replaced with an- 1 / . o - STINI
i ' ST 5 — - R - — - s R oiﬁer part tha! guides the three pins and allows: S e
ET‘T o R I-JJ :i-bpx.wax\ﬂ T T - o 1 R S ﬂ.‘e longer parl fo pass through to C. _ N s the drawbar ool the-diasphragm 1o 15& left, the d;a_-:
— T T Dianh g _ : ) . we A - . : 1 phragm actuaies the e'ght jews to clomp the part.
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tet with one suitable for a different part,

(;_-};‘:- ‘ EET ~spring-loaded collet A, thereby uaclamping it. This design s e - /
= DR!VE7 can sccommodate o succession of different parts because e : o : /
N . the heragonal socket facilitates the replacement of the col- - B :
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AUTOMATIC CLAMPIN . :
An automatic clamp is held in clomping position by mechanical means when the clamping ] E.ﬁ:"_ﬁ' L£eD% ;
. 4 e — - N h ! o 0 ;
power source fails. The provision of an alternate source of power. avoids the continued ma- T?.‘é:éu‘*-; %';,E ?
chining of a part that is no longer cdemped ond the resuliont domage. v g3l $Eroesd . i
“ Strong springs, toggle linkages, cone locks, wrench- d oil iap} l N N\ £8regELS !
| - \ ges, , pressured oil, prestressed diaphragm clamps, N Jh " BPEReRG= ;
3 ' . . [ o @ !
i small angle wedge cams, or spring-oaded collets or chucks are the mechonical means of holding § NE -S.E\E!T. o 53(:; e '
] ; . A . . 4 z QUL > :
i , outomatic clamps. Frequently stops ore added to prevent damage to the fixture in the event no g i N & 3 E BT 8 53 .
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Rem C rolales pinion A, which causes rack F o actuate
the fwo clamp posts. After the part is clamped, the slip-

page of A occurs, causing cone B 1o lock.

Shppoge of A
created by
helical rock
aridd perieon of
A couses cone

8B Yo lock,
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Ram clamp B roteles pinion A and cam D, forcing E down
as rocker erm F draws down clamp pests G and H, During
the unclemping cperation, cem D raises E and, in turn, clamp
posts G end H. The unclemping rem s spring-floaded to pre-
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A cam ac’ru{:fes . the un- ‘ P R SR y 7 . In 1]1{3 clamping operation, the move.
clamping action in this drsign, : ] ‘ o y ment of cam B away from A allows the
’ ) : 4. : collet’s springs Jo clamp the collet, Cam

C octuates-clamp D. In the unclamping
operation, B uncfamlps the collet, and C
&

Boll B prevents dsmage to the
clamps if there is no part in mon], RN
the fixture during the clamping ) ’ .
oEera’rEon. Adjusting spring A 7 ) % : < ez o= ! moves away from clemp D.
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Unclamps collet

Lcom operated 4 : r- S
L ]

fo unclomp

\
Spoce for ' —/‘f
clecring of A

L

Astomatic Clamp |External Swing)

1833 : : 834

Automatic Clamp {Internal Collet and Pusher]
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In mony instances a part requires support {or jacking up) after it is clamped to prevent its
being distorted or vibrated during the machining process which would couse inoccuracies in -
the machined part. Often a jock is designed 1o function as a spring-loaded button while the
part is being looded and as a jock ofter the part is clomped. Some jacks have force other
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Jacks (Double Equalizing)
When jocks support a part in two or more places, which happens frequently, the jocks must be
equolized because the, surfuce or surfaces they support ore unfinished.
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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. S

Jack (Equalizing)

| ' 7 = 7 B - CLAMP POST l L
A leveling jock functions os an equalizer. It is not used to jack up a part. T - l ‘ . I

TR

EPMEREERLIGEE

(F8

TS

-

_ 1
N 1

| = N N ==

THR RO SESVNEE

/7 e | Jea e | e T

e B 2 LA —Essseisessn [/, SN\ 2754 L b EEee e I e

| . é - ---/////// 77 //,_ S "';_\ \\4_’!' ; 4 ] I
} s ,_—.‘.'."‘IZHar.avfened_weofblafe__'_l ' w& \%\\\ |

i : : i
TR R T LR T

!

NN

/N

A . . B . P
et

e it A
e T e T A

| -—--Inthis pull down clamp post,'cam A must be designed 1o it the ° i

bere in which it slides, Because the roller reduces friction, continued -

ke SO ST

e Lo feree must be applied to A e

=
i
=
L
I
w

;

) “-Place cams A cn other side-of
D i 2P T pull dowrr on shafl,

3o

i_ - - . 1 . 7 i Powe-r“-So;._lrce- for Clamp Post : _ ==+ Power Source for Clamp Post ™ B
- T R e . f :
i




i o s T R e ) .
| [N N i b, o ki L e
i Tl .
1 ¢
| 943 —-946
| . i
L (o4 S Rh ;
; -/ :
‘ [ _ | i
' i
a8 [ 1
i | ;
1 - AF L _ {
' “‘/J .v-. *‘
i A ‘
1 oy . [ p— : :" g
| 1 . . _ | =
” ¢ ] . it RACK & '
| TO YnCLAMP! () ~ _ fp===l | PINION :
‘ For hommer , ;i ) T — =il "}j / : )
I oction i T . R | ! _ — :
. |4 - . $
‘ | HEL; ’II I ‘ - | _l}_ Q \ -
il ! - ] — — 11
il : . A= 3 . :
‘ { j: - i The power scurce operates verfi | ¢
] I \ cally with its rack irensferring iis |1
2 = ' ¢ ini dto ashalt |
s _ power to a pinion and to a sha !
! ” - : \L thal has ancther pinicn on it. The '
A 1\ i a3 s ' : ' il -?,&?KN& larger pinion moves a cam horizen- | 7
1 i 7 ‘ ‘ e talfy, See Welking Strep Clamps |
nne < POWER SOURCEY i cetegory for an application of this | =
. . - gewqgn,
| I l:_u - Power Source for Clamp Post °
— | | T~ .
| AR, 945
RS st s B ‘ )
SENRHBINNNN e ¢
b V7 i i
B | -
“—Clamping resge L N
fer A ong 8 °
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—spring tha! actuates via the pinion either a
clamp pest that has'a rack on it or a wedge
cam, iflustraled elsewhece in this category. .
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some other means of coatrolling the spring. L oction fo break seal Y| DIRECTION | :
To assemble or disessermble the spring, insert ' . C ;
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through the groove of the clamp post as they ore assembled

~ when they are in their bores. A spring is used 1o raise the clamp
post. - :
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Power Scurce for Clamp Post
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Power Source for Clemp Post
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|- e lerctamp post
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As shalt G is rotated clockwise {from top view - - T I -
“viewpeint}, two fugs of G that fit in mating re- R ACME 130 &
cesses of C and H (ses Section BB) cause H and . CT 7 . i

. Cowhichis fastened to M, 1o rotate, As Crofates, ™| = | =

o A AoveLX L
.- its acme threads raise ring D and the twn clamp ™ - £ weee =

“posts A, Key F, which is fastesed to C (see Sec-

I

s
T

b ~tion AA), moves in the groove of E, pulling down - = -+ - OB : S . e s In this design of aclamppost ~ | 7 -

! - spring-loaded intemal ¢lamp post B. o T B g e - thatisraised 1o a.;{uaf_gclam?-_f___ B =
gl . . - . RN - - - . o e o . T e . . i - o
H: . : _ e = . S L clion, the post turnsony -,

- J— e e S S ‘ . ~ A and B should heve endmilled grooves and set l:l?ez a'Cém swings the clamp. P
i . R Retore by T e . T e - . sctews _fo prevent them from turning. aHached fo the post.- -+ | i i
L —rack and pinion - — T — M ‘ T T T L

I ) ) T . Power Source_ {or_‘ Cfamp Post - - T C ‘ ) 'PO_W‘-"' SO_U"?-e {O'.' Clamp Post

Power Source for C!arﬁp Post 'f.\’
a
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py L P retrocts clemp post i
’ ] L.
The 7° angle-is the clamping angle and the 452 - . iy 1 — :
angle the sutracting angle for the clamp post. t
- Hede the rohranting pin and its greove. The see- ’
! . amp cam I':onr‘_d area A of the post fis in area B during re-
- . DEVELBPMENT 2X SIZE Hraedion.
. . CLAMPE POST
] . o . rg'am oprrated
‘ : LAMP POST, or unclomping - -
i : “This Ts & pull down clomp pest. A s e ] oS —- : ) I b
| ff_s‘.on?d 1o the frame, C and D are the | i RN // yd :/‘ |
' . clarnping cam surfaces, ma : N4 ; A ; '
! I Y B e
X LI | : } - A *;lS trong Sprirg + -
- | Lo
i . SR | : : AN pE e . -
| . f — \ — T~ I
R — I T |
- : _\//é////////// —V /1
HANDL . e
‘ . o = 1 1 | 5 ’- & g . | ////////,
: . joE - *
I i Power Source for Clamp Post ‘ _ !
| . L ?51 .
| é \ ' i
UNCLAMPED _ i T
T -Power Source for Clamp Post
: : ‘ ‘ i
048 o - o —— ,, ;
o — . — ’ Space A allows the camand the clamp
- \ II: - /\ - - post to be asserbled when they are in
I \J their bores.
g ' ' The T-s'ot design of the camis - TO RAISE UACK : -
: [ used to.retract the post. it I3 OR TO CLamP . ) ) ‘
. L
e || Rt R ¥ .
— 0 o B .
HISEI "\1 _;,__-——Pr‘":_;____ Ij_lhl_l‘!_'
\o B - R, Iy
[ ek e s e e -
TO RAISE JACK - 1]
" OR 7O CLAMP !__l i
- _ A 4—-\ _Power Source for Clamp Post 3 s 7 T . - =+ - Power Source for Clamp Post o
o949 — J : : ] 752 —
. = Lo 1 —- | T - : b pcLanip ST
. LT e s —— —— . . - R
—_ LTI e - - Py T P : FT T POST P -
e p— . - - —] - Lt This i a pull down clamp post, Nole that surface TR‘-’”"’C'JW‘? cam -
[Zlm_ensnons d and di must : , - == - . Aenthe clamping cam 1 farger than the surface - = o -
o -meie if the post is fo fit in the C oo R ©on the retracting cam. To design a clamp post 1hat- T ——
= refracting portion of the cam .~ <% o o - . raiwes, merely slope the camin the alternsle direc- ' o
groove. . T - N T | .._dion and put surface A en top. | i m i o
EE b o raise ack - : e TR ’T’/ﬂ ==
i ‘CR TO CLAMP A g e o £ -V .
i LI T S N } R Tl R
- . - - “|roccame e T
= R .. , ' : = 10
o e E B ' _:. o =
_ = ] | | I R
b m —
X 5 L T |
- i c! : = . = Power Saurce for Clamp Post : S ) LT -
] - . i . . ) . . B ) . L -
| - VPower Source for Clamp Post ROV : - E g




_ __ 954-955 .
L.I ) ] - - . o ‘ ’ | . 954
|

- INDEXING o

i In the simpler indexing operations, the table is usually turned by hand or by o separate hondle. ™

. H slides indeperdently of shaft G. Index plate

turned and the indexing performed in one o

When the operations become more involved and a number of positions are indaxed, the toble is

peration. Table clamping is normally a separate oper-
-ation, performed as needed, :

FPolracts
pf’unger —-\\

E. ratchet D, and a rolatfing table are fostened 1o
shalt &, Whan 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 B,

As handle F is turned clockwise, the cam leaves
pin B, thereby allowing plunger A fo 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, shafi G, and a rotafing able
(not shown). The point of catch C should not be ..
in the corner of the ratchet when the plunger is
in the socket.

Tee— 4 B}
e
; D @
1' ) The ha~dle is pulled out and meved courter
! 70 enpage next clockwite uniit Hs pin engages the nexd nolck of
To roisis 4obin retchet oteh ratchet E, whick is holted to index plate C. Simul-
onF nfex nlots tansously, cam B, which is welded to F of the han-
T rmove dle, strikes pin D end disengages the plunger. S
- index plate As the handle is rotated clockwise, the cam frees -
B} N _ . - : the plunger, allowing it to ride on the periphery of
7777 7O re/ease inTex ! f 3-..__,_5 C untilit dreps into socket 2, Ratchet E is part of
ond glurger ! T shaft G to which index C and a rotating table are
ST ‘J“'"""--‘_________}' attached.
Pin for refrecting
/ Reiel i Faldo the plunger -
\} - * - ,/"—\\
: AN h ‘ '
. SR e :
Flunger A i‘r . & /
- B ———— -’
refroctedy WS S 0 S 0 955 B dAL
’ T g - B smoves Ffreely of Cand £ / /’
, o g — G\ - STOP HITS A — 7_'0 move .
I, k - . D —E—‘ - 5 index plafe
T - | 0 L8 , ) log . -
. : B S SN 7o engoge next
T=Fa o1 — rarchel nofch
: N LA | o s & 7 T ESNA 3 5
I s > NN | b , :
[ . e D O’nd I { / 4 \ \ LN _ .
L N ' i u i refrocts A 1 e '/ , e S ‘ :
- Tl e - B r ~ plunger _ 1 z - 1— — N
E i : E . s oy — i
; . I - L — - . . - . F::{B . : \ S - —
i e - ) . R oo [ P . . 4 R B
: B hf_'i?‘nd? G lro*lafes freely about shaft F of the tzble to . e e AN\ :
B : ) - which index plate A and ratchet D are fastened. VWhen han. . T ) - T :
i - _.__dle G is moved counlerclochwise, cam B, which is alached : S T "‘k::!.:_'m; :
. lo it, refracts plunger C, and caich € drops into the next - R - R —-{“—F’I——Eb— — ') “
| : ra*c[a_cippich. as shown in the ilkisiration, -~ o TN e . Lot]  Npt =L\
I;_ ST LT " Ashondlo G is moved clockwise, i rotates raichet D, index s T 3 e ¥
I B L "“_‘;_Plﬂ_*c_A.rand the rotating fable. Cam B releases Flunger C,. ... . . L o -
i ; ““allowing it to ride on the periphery of A until it Sropsinto — e .
- socket 2. C ST e e -
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When handle G s turned clockwise, cam g2a0s plunser & gt -

E striles roller D of plunger C, retracting it,
and spring-loaded ratchet cateh F engages
the next ratchet notch, The handle is then re-
versed, rotating table A until the now re-
leased plunger C drops info the next index
sochel of B, lndev plate B and the ratchet are
Tastenad to table A, Handie G rolates freely

about shaft H,

irfn soelat 2 oLy
When handle B s turned caynter,

Cl'_wfiw;:n, ihe catch m.n-v(.. ”_J‘_r
'P"O*f‘D.f‘md”‘f-cnmrdp- e
or A. ﬂ”c'.'.’ia-r 7
riphery of T

I

1 ;C/f.’az"{:‘n.‘_"g J

] - — )

i .

' 956 ' .

i - - e ,

1 ¥ Handle B aned its e am e
rendent of indne plagn 00
- . - ) beth refate showl the o, '”
:.: r.M’,\sf !nof 5}"r.‘w,r§‘-_ A, .l‘,.-‘r]"
d . moved clochw e ...‘,’ g

. A p!ur,g.
1 I;"jf-? fide on the rr
urti o oy Fr R,
shalt and the rotating fable 1no:
o) o eapang, e oo
sheuld be madn far & small C[“,
aren farthe calch when the IL-"“_G:r-
BN place. ac shown in tha Jfﬂw;':.;
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1
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! . _ Pushing d 1 . e
| : g ’ 7 ~— ' plate é]?}n;w?urhhenhedd'e‘ ‘:hCh s pined fo plate C, raises
i Index .. o engagas o P%-:.rr; As the handle i pushed sideways
e : ) v hgja b“Oh_AEr o[. ‘he plunger's slots. The two sorinysr
j; 957 ’ - . o 7 ) — : T US ing plate C down firm[y_ Rring:
| o Z
C H
: - L o :
| s oo
. S 7o disengoae :
: ; . Cam A, which is welded 0 handle C, ro- olun erg - £ .
! tates freely about index plate B which also 47 ‘ - A
1 es irgely abou p 7 OrF - __ I .
I serves as the raichet. Whenhandle Cis moved _ : s oo Nelred £
! counierclockwise, |i?h’r spring-loaded catch . : ] - : - &ndexing
i - D refracts from socket 1, and cam A strikes “~Com retrocts . ) ——— :
b pin F of plunger E, thereby disengaging the plunger ’ ' )
1 plunger, Then D dreps into secket 2. e -
1 As handle C is rotated clockwise, cam A STOP
! movas away from pin F, allowing plunger E
i to ride on the periphery of index plate B until "~
! : © it engagss socket 7. B and the relating fable .- o . -
| “... lnot shown} move simultancously; both are T - o
i =" {asiened to shaft G. Arotales freely about 8. - Bl e —
I R 777,
‘l - — N / y
B _ : 14171 ] 4K -
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~ As Al pushed down, plunger B
is retracied, allowing D 1o rotale
inder plate C o the next indnen
posilion,

3 B LN T

7 A v 7 o /A
‘ vl =7 % | , 7
! f /] _ ' ' ' -
iy \\\ fa ~— A pressure 135 used 1o It heavy / / ,
S\ Y J IR = /f indexing fixtures for easior furn- =S
BHE ] | ,-_FLLI ng. Lif? /s cbout fwo thousondihs, L
- AR - _E :
' =i 2 f
‘ i PR . I il
. . PR ety s
ol Tmro L S
i, s
i Z Al s 777
: < S £ — /// / //////
i [\; Lol M M
?] ' “\“f Ilndez l
B 1
a-: 970 |
[ :
il M @
| || i
. | | s
jilt ¢ | |
! I
gl | ! i
“ i Grooves for- - :
l‘ Tocking key LOCKING :
|3' - — ‘ o KEY :
“ l!n this f};r?e-p;siﬁ?ré inclelx.Jf the 23?}?[&-0;%& ) i - _I —_ ﬁ__.. o ' C——  When the ofening of A i cen |
i plunger rofeles ihe incex plate end the pari. ‘ tered abont the head of D, indeirg !
|‘| ‘ - : ‘ A - chuck jaw C is moved to the right
I Index = — Index : ) I by the spring. With its grocves fron
I‘ . q - _[ [- I - }" W of the ‘acling key of B, Ccanbero-
:1 968 . - s 4 ’ b tsted to ancther indexing prési"’-ﬂ :
! . ‘ T R a ing pl E fits in the inde g
j‘} . As the handle, which is attached to A, is turned clockwise 1.7 Z?é::\?ef. u;(ii?rng 'Cs I?o ”1,; lefr o
il 11 {from the left side view positicn], cam L strikes pin & and L lows A 16 be movad horizontaliy fo
I - retracts plunger H. Then catch C, pinned to A, drops into

reichet notch 2. Reversing the direction of the handle ro-

- tates, via raichet D, £ and index plate J until plunger H

drops into the next index socket. Knob K causes expander F
to spread the collet.

Index

lock the haad of D, thereby holdine
C in locked pesition.

971
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This fixture drills three holes,— ¢ ;
Only when it is not necessary. . ;
=-tolocete the holes accurately - ! =~
should detent Abe used, . (24 - T { . P I

|
|
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FHand's Mrec tates shaft Hand s three
arconincs, J. K, and L. Each eccentric
i a-tuates o link [sec detail of HI, Iinks C
- nnd O mevinghall clamp A, and bink E
= meing ha'l clamp B Ohserve in the
y Ioft wide view how B clamps the toble.
b Poltt e, ke viedio adiust the amount
of clampi=a prossure,
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i Ecoentrwe for £

- J[™~Ecceniric - ! ]
- i for C (’ T § ;
A 1 ;
.';: l [ / ] ;'
‘ N M “Teble is ~ | :
i \ - rotaled by insscting ' (D
I | , . . . . s Roteting iobl :
i L7 | Ny _ : o pin in o hote | Rotating toble |
! —— )
hY
i o : YT;"- CBLE_ . - hY I
Al LT 3 /; s }// ya %/7/—’/ yry ya .‘(‘/’/1 e /Z
i \/ I ///// 2, o /ﬂ// v //A{/ -'/:.;f///x' LA A
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~‘ SR A P W e \?_‘\(* F? i m;!‘ ‘ ‘\gr‘ 6! :D\. y
. — T SO ETET YN |
'J A4 ~:.-,:‘>\\ N[ [ - ///:’ e RN ‘ ' :
it Nt 7 ’L 'y ~ N L. -
i R - 1 u‘ - : SRR -
ol s Yals / 4 f r : -
%.? 7 s /. c % ; oy ’ s :
I:' - " e : / YT Iy 7 ‘ . . _/ !
! . X AN <L ‘ = ¥ i P - r . | Adjustable stop— :
!Ei Gfi'f‘ R R NIRE \‘ ' : Lo (- : :
i N ¥ RITAEN - | :
i I - i = ol I T : ] . ' SPLIT ’
i L5, 1 ) Frant - _ o T LOCKING L
i:' - RING
!'| Table Clamp .
‘. 73 7 SECTION 88
i - : —| i
| : . S H 'i
!| 7 . 975 1
i H . . 1
fil - ; . When the handle is turned clockwise, plunger ! :
\! -- L . i : G is ratsed by eccentric pin K. Al the same fime [ —
8 When the aif pressure raises C, cone - - - s  ecceniric H of sheft F {orces pin J to squeeze :
o F {orces the balls inward, drawing down™ ' g - - conical split ring C, which forces D fo pull shaft . :
[ bolt A and firmly clamping the 1able. - . A\_.___ BRRS " E down, firmly clamping the table. The eccentric B
F " During the unclamping acfion, the air B} - N “.split ring provides tighter clsmping action-than a % f
. pressure raises B and lowers C. B raises - R . : . - W . concentric split ring. The.rotation of F is limited [ % ==
| . Aand the fable. Ch%roove Easround Cal- . e Sing , s cE - ; e 1 | o | . by the set screw and groove of Section BB. o~ - PR
i lows air {6 enter through several holes, SO -1 - . ) ok 2 . T T L T ; :
- - ow 8 lr_ > n °rn w,;,‘_w - e / 8 ond table . P i , ] — T N N N\ o ) o Table Clamp__"." o ] oy T
i L o - iy ] L . == S T i - R E N e . | : : - p=tll . . 5 EN :
e -7 a e —L/j_p.r:.f(.‘b/@ clermo T X T R ECCENTRIC L s Tl
: - - I B e - —

' O . e T " An ecceniric pulls down the adjustable arm '}h_a.f locks the table. =
ST . ——Tabla Clamp™ ™ ' o S ORI . Teble Clamp ' T
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, As the handle is turned clochwise, catch A disenganes plunnger D acy ©
! . @80 | unclemps the two table clamps, B and C, frecing the Table 1o B raiaicd
g _ by hand. Clearence E is provided to reduce friction. .
3 ) Table Clamp P

— : v

. (“3‘ o Screw A clemps conical splif ring B, forcing it fo meve F dewnaad i
k. T “‘IEFEby firmly clan_'nping table base €. PinD prevenis Rirom turping, rfande
i ¥ J retracts spring.loaded H, i‘-
1 “f
i l:'
1 .

H bl
[ ] :
’: ; A LR ;

‘ I - =1 . i
- , ~* Table Clamp ‘ : o ARy "
j| K ' ¢

. | 978 N | | ) ENG N2 |
I In the clamping cperation / * ‘ A - J
[ the handle is turned counter- v =~ ery smolf Vi =i
b clockwise away from c;P""!"“- al- £ Clearance A  POTATING P
& lawing spring-loaded plunger : B . o ‘ 7 JaBLE #
b J1to engage H. Boli B draws E : ‘ - Teble Clamp ST :
4 and F fogether; forcing cone : , ]
%l G to c:'ra?v H down &nd firmly 98l : ' 982 ROTATNG TABLE
1 holdit. . . L . o N :
- " Inthe unclamping cperation o i o P Y \"‘\.._E._\x,\\&\\\‘- y % &
" the handle strives A, causing : { ; R ‘ ) . \ﬁ-\-—\_\:\_.;.
| C, which is keyed by a pin to. AL R WY ;
pinion D, to rotate. Pinion Dre- ' Sl L | savs :
i . tracts plunger J. M is rotated : . - ; _/// AL i
by hand, ; ’/ Patadge 7 :
f ' : 5
A - i ;
‘ —G _ I 4 il
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’ Table Eis indered by C, which is operated man==-
| uefyl Handle A clamps the table. The bolt of Ais™ _
i ferced against conical-chaped split ring B, which, _.
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As the power source shaft is furned counterclockwise,
cams D of A force rollers C ta lack A 1o free-floating gear
B that furns the pinions of the two index plates,E and F-Re.
versin%/\ will cause rollers C to roll away from the wedge

a}:e?s etween D and B, thereby unlocking B from A and *he
shaft,

NS

Plunger A ls shown in t's rodens ted pesition, F'ffw"d:';q
B with & bk sshing —zves i possitda do indax the fable
with greator aceuracy.
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Rotating the handle counterclockwise
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As the power source shaft is furned counterclockwise,
cams D of A force rollers C 4o lock A fo free-floating gear

B that furns the

pinions of the two index plates, Eand F Re.

versin%A will cause rollers C 1o roll away from the wedge

a%:e?is etween D and B, thereby unlocking B from A and *he
shaft,
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 Thisis a Belleville washer clamp fora |
 two-diameter borg. e .
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Helice! groove B of drawbar C causes the two inserled ha splines A 1o lock
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Whan A moves to the right and B is pulled to the laft, 1he
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There are three Types of bushmg plotes. The first is @ top porhon of a drlll jig *vhich raises oned 1o
lowers if; the second is rotated out of position in order to clear the part; and the third is clomped

B dlrecﬂy to fhe pan‘

5. A positions the drilling in relation e the groove.
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The hole is centered between two
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Turning the handle moves cam B awey
from A, ellowing the plate to be swung
by the handle.
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A Spring-loaded }"
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In this one f)in and -
cam design, clockwise ' .
clemping is preferred. - : : - Groove permits

- engogernent of
HELIX ANGLE Quick Releass
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. N _
\ 1 \\\ ' low A to be placed over the shafs. The angle
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As the handle is pushed. pin B ofﬁDws!ides elong groove C of nut E and then
turns into the catch. Turning nut E cinches the clamp. Conversely, releasing E
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. 'The lid contains equalizer E, which is pinned 1o the lid a+A

. and B. E, in turn, contains equalizer D, which is pinned to £
2 by C:To obtain equal pressure on each of the three buttons, *

... F G, and H, the centerlines of the three pins, A, B, and C,
- . should infersect at center J of the triangle fermed by the .
. 'thres buttons, with J equidistant from F, G, and H. -

CYLINDER

Equalizer ) ‘ ME . ‘ .. 3 PINS
l 148 ' . : lZ_Q“ APART —

PRSI WrT) WL

.'.A,thq.u'aﬁzér i L.‘ ok Ce e ;

center of the triangle.created
-+ the three flat buttons, F, G, and
explained ir}.}lllqsi;aﬁo_n 1153

| o
R

SSTH

. Lt
PRI RECTIES




' R TN
B - vl aiar,

U

! e " .Shaft Clamp ~° el T
s nien (Quick ‘clamp'?ni; a shaft in any posifion, unclamping -
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&1 ]- } o Shaft Clamp .77 ~ B ) — - .
' . = b (Quick clamping a shaft in any position, unclamping. R L R S
] _ $71. 1 . = iendremoving and replacing it. The clamping cams are - 165

1

N e e e e — Y
9]

"' o | 116211667 T B
il I‘ . '. T L - R T T T AT S S T S e P L Lo - " e i,'
h'} i ’ ,57 - ) " ’ ) T e B \ ‘;' Z : SHAFT GLAMPI-I\QG . - - e & ;_;' _____
1= ! - | . Shoft damping may incude clamping_a ‘shaft in only one position; clamping a shaft in any’ - %
i ] “= | . position as it rotates or moves lengthwise; ‘cdlamping a'shaft in dny. position when it is permif- - %
f | -1 . -ted to move lengthwise b‘b\"’:hbf_"r'otcrfé; 'G'nd:'i_ﬁaexjﬁé'f'c shaft in any position when it is per- €
;! l | ...-mitled to rotate hif not 'haoye'léngtﬁ\..vise, Shaft clamping may olso be designed to- facilitate’ ;
3 i * the replacement of & removable shaft. . NOLTHE N SR B {
“ P P S Dl S E
|- B = — e — -
b | ) . . A T . ; : I A
: ‘. ‘ The sizable emount of clearance provided in A for pin B controls the: extent ) (7 L 163 . Offset allows spoce fo(_spr/ng' e
! to which A is ollowed to rock, - T e B > B — _ h V 3
1 i n By a— : [ s
| C ANNNNN gy M) 1// W £
: Equalizer o == = Paia — £
: . - N L
o N prr et \ £
| < ] 10 == INSSANN
- i e _ F—-o I} -2 ] ;
‘3 | . t Vo =17 e ran 3
‘ Hourgless hole A allows full — :
D. _rocfcs sbout B and has an equﬂ!;zfﬁon ol C. ) — .
equalizer A of each end. Equali- :
zer A rocks about C, shoulder E [im- Equalizer i
b ‘ iting the exent to whichit is allowed — g r—- :
i ! A to rock. : - . N o
\ o L AT e
‘\‘ . 1 D . - ] - /\ —_ - - -.:
! / o e N | Pt _ 777/
| 4 BUTTONS - o ' / \ \\ : : SR ‘L"

NCI777)

RRNE

PrEEE Lot S TRFRYENWIY T 2 ) e W e S bt A,
|
!
[

AN D £ | I "7 prevented from turning when The shaft is removed.} -
T Equalizer - ’

O

N ~ s
Bor stock __ - |

LT Pty b bt ol SR "".r' .

———

i
'

: mieial oz Shath Clamp - -
C K : - L ) - {Quick clamping a shat in any position, -Unclamping’ ‘ i 3 ohart Gl o
I [ ) S R . . i and rgﬂjoy'mg and _repfac?ng' it The clamping cams are ‘—‘(QU;_CI: c|ampir_1_g"_a'_5_heﬂ in any p05|ho

a _ N P T — revented from turning when the shaft is rémoved, ] and removing and replacing it. .. -
1_*: * The oblang tapered holes in A aflow the equalizer to rock .

= “*inen additional rection. oo mmme e [T
_ ‘i__ T T Equatier L T et :
i = - e E——— ‘: Aokt .
L_“ ' et | Quick clamping a shaft in‘any posi "
b f -~ I L I S = #:tidn unclamping tand “removing and -
- T T»;o pair of rounded buttons perpendicular to each other ey - ‘_:[gg_[}q%n? |f.-,T{116‘_c|a_m;L|ng 1cam_ Ls ﬁr?.

i - are located on opposite sides of an intermediate washer A R ; 77T V“'@Jj - nted-irom_turning-when ine shaft is. 7
i - ~tocreate an equfli}:z)er. T - L ///M//L removed;} i+ R

I _— _ —' A - - "‘f‘-‘;” ‘ - - o emmme——— S . - Ce

1 l ) Eéu;ﬂmr -
: 3 ) .
i




|

b

[N

[

(1173

. ¢ .
AR AV o ) EAR e ¥

ooy

o e B3 ATl 203 S ot AL T aoA NS G A g e Lo g

e e e D e —————

11671174

010 to.015 |
prrching )

4
“SOFT PLASTIC
or Ol

i - I
Z Allows air fo escape
as plastic fitls cavity

Shaft Clamp

tQuick clemping o shaft in any posi.
fion, unclemping #, and removing and
replecing it. The clomping cems ere pre-
. veafed {from furaing when the shaft is
removed.)
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Shaft Clamp o

(Quick clamping a shaft in any posi..
tien, unclamping it, and removing and
replacing it. The clomging cams are pre-

venled feom turning when the shaft is
removed.]
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Shaft Clamp .
1Quick clamping a shaft in sny posi-
tion, unclamping if, end removing and
replacing it. The clamping cams are pre-
vented {rom turning when the shalt is
removed.} ,
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Shaft Clamp
(Quick clamping o shaft in any

- position; removal of the shaft is not
included.)

Shaft Clamp

{Quick clamping a shoft in any
position: removel of the shaft is not
included.) .
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- Shaft Clamp

(Locking that Provides
Lengthwise Adjustment but
No Rotation)

Lengthwise Adjustment but
No Rotation)

Shaft Clamp
{(Locking that Provides
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{Shaft 1nd§xing)
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A may be réadly urclamped and removed. This
design illusirates cre.position shaft clamping.
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{Locking that Provides
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_ No Rotation)
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Insérfing the key of A in the slot locks the shaft :
“i' at either end-of ils rotational movement.
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il Ratchets are used 1o rotate shafts, to allow Bockin:é upofa Ecr;die cfesigned %-o rotate only o frac- ' :

i tion of a furn, and to cllow slippage of a handle to prevent overloading. Frequently rotchets are pro-

1 vided with a catch to prevent them from reversing. See Miscelloneous and Indexing categories for*
g - odditional examples. :

mVee blocks may be stationary or movable. When they are spring-loaded, they will retract outo-
matically. In other instances they may be retracted by the clomping screw.
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The c-washers illustrated are variations of the commercial type.
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Hote in the upper left-hand drawing that gear
C i keyed to gear E.-Gear D, which rotates in the
spaze belween C and E, is spring-loaded, as Sec-

in cne direction end gear D in the opposite direc-
tion, eliminating any play between mating gear
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! Py : 7 - - 7] ROLLERS  rollers, and, via the three bolts C, unit B, T i D T
! g ///‘ : // T ' - Using the cam fo raise the part out.of its - 71 I S e e S R
l e . positioning hole facilitates the removal of the I Al o R BN -
1 —_— T - - ‘ e . - part from the hole, — - - . ) o R e . [__ R
i ” Floating &nd ) - ~ Part Knock-Out Device o Part Knock-Ovt Device ' : 3 _ y : ‘ ' Spinner _ o ' .-
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tole of same shape
- . A prevents furn-
- } g of 8.

C rests on top of the assembly as A is low-
ered. Continued lowering of A cousesits cam
{ the four jaws. .

E to spread the upper end o
F which !
Slot D in A and pin B contrel
of A. What would happen if
omitied?

Crimping Tool

crimp the thin parf about other parfs.

the movement "

B and D were °°

F, which is cap screwed ‘o C.

The handle rotates aJ:inion that urns ‘gear

As the handle

. 1
is turned clochwise, screw 8 and espander E,

- when C is rotated by gear F.

—.—which js attached 1o B, sre raised, iherc-b_y
* ——spreading the four jaws D to swage the thin
.metel. Since jaws D are pinned to housing €.,
the jaws move around the thin metal part

" "Note the curved jaw conlact surface F. It

park

produces a smooth swaged surface on *f_’_,’f‘,:','

1367 ;

UNCLAMP
POSITION

HANDLE

TO HOOK
THE SEAL

In the unclamped pesition, spreader A couses jaws B o re-
- tract, ellowing the seal to be placed sbout F uniil the hous-

ing rests against shoulder C. When the handle is turned 1o -

hook the seal as indicated, com H forces spreader A io
spread jaws B to hook the seal as shown in the drawing on
ine 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 1o press against G and to pull A
down further. Shoulder D of A presses against E of F and
—— Tlorces F downward, thereby causing jaws B, which are at-

tached 1o 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 {o remove the seal, 777 T :

o . O Se;.lf.Remoy{nél;fobl

=
ken |1
| :
I
| 1 L
kel || 1
- i1 —
' I |
N OO ey e P

1
-
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ECCENTRIC

Fo—

HOOKED
POSITION

THE SEAL

S

TO REMOVE
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] Tock weld
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Fe or ;f_;';;h tening -/

N

[

discovered himself years ago—since which time

he has been working, toiling, and strivinig to make

" himsclf-worthy of being discovered.” ... _ -
: ’ © T T JAMES WHITCOMRB RILEY...

AN

N
/]

i 11

discovered, you can put it down as a fact that he o

- -
Ly i ]

v |-‘__,,
— [ £serraTiONs™ |

This is a -\-féry;
for a round part,”

|

strong claimping collet type of wrench

' V_(rench
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=: | | | ! | H L r\vs/ 'J/ -4_&___ ==

; . : Moving tool J 1o the lefi allows baring toel B fo finish bere the hole. When H il \\

o : sirles the part. boring 100l B has e'eady completed its opsration. Cerfinued 4 /

| " \% movement of J to the left cavsas rocker arm C, which is pinned 5 J by D, 1o G /"\\\\

- BARTER SPRING move pin E of C. E slides upward fcward the left slong the inclined groove of . —- :

3 JAWS 120° APART

F &5 pin G stops the movement of . This movemant of pn Ein the slot actu- TO MACHINE
stes chamfer fool A, ‘ . S
The pressure of spring N on F ard its pin G keeps X, 1, and M fogether, The'
srap ring limils the movement of K, L, and M 1o the left when chamfar too! A is
retracted. - ‘ . '

i}

AN

/

4

)
N\

After the removing 1ce! has been inserted into
the part and D has been brought o rest on a
shoulder of the part, shaft A is forced down,

*_spreading the three jews G which engage the oil

“seal. Then as A is pushed down shill further, it
forces down B and jaws G, which are pinnad to
B, enabling the jaws 1o remove the ol seal.

Chamfer and Boring Tool
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B O AL B WS O LI U R

PIREES
| /BNy et scrom £ ite CAdoudes | 0
j % L A : - - oet screw E limits the movement of A; shoulders .
_ ¢ 3P 8 Rollers C and F]:-‘l:ml}f the movement of D. Determine why 5 ) -
.‘! ? E end the shoulders are recessary. . T As boring bar D moves relative o C.

£ . cam E of D moves the fecessing tool out-
. ward to machine the groove.

1

M

Oil Seal Removing Tool

Dordaenid

:: . _ 1 .
|| sNF | f-
3 ; I B . _ !
ki }R . - As the screw is turned clockwise, evpender C. E o -

: : 7" forces the collet to erpand the spring, thereby g : : ' o —

3 7 f ... forcing the six rollers agsinst the bore of the part. -y 1) —ﬁ_ t

3 A1 + _ - Asthe tool is rotated, ths rallers burnish the sur- S - AEHES ff}:ﬁ;’

: \ | ] . face. The square spring is coiled without any space Lo : ﬂUI] =l 1 .

. betweenifs coils, - ’ ' P-_‘J’J:! 1 'ny‘E] '
_ / \ . : ) b3 Ty -.D
Z % \\ l - — = ] ' —E .

: . . N . . R D 7

- 7 Y, Space for roller . T , o B I P | | —== :

i~ Vi (E\Ii ,f//// crd knob of A - R : 3 I |1’r ], N .

j kR - / —_— e . .‘ i I K i}

1T . 4 | 7 //’ Some men give up their : . - ; _A_\:f; N Z ,

/% N ) - designs when they have almost ; ' . S _ I _/— ol v iy T

| F N .__-reached the goal; while others, on . — e e Lt T Semi-finish | — - “Finish

1 i e . . . T . LT - - LmmTmp T o . e mm———— L . ) —

: % ) >X - s i the contrary, obtain a victory by 7 ‘ e TETERSLLL i R e . G -
b o ! T “C "8 Rollers ‘ . b exerting, ut the last moment, .- 7 i ! : B R — st R e et T

{ A P Lﬁ'xp'ander Collot i T . Tmore vigorous efforts than - .. L e U eI el e T RS

| 1 [ — o ) - —_— B TR - T : o o 7 o _ . . e T - : I o “ T v

‘ é LTsguare wire spring S **'""—:f—~——_b_¢f ore.” mu_n{lf,‘? e - _ T -1 e - L - e o
;‘ R i e e LT e R o - e 0T . T S Fiecessing and Boring Tool - i

! N Bu'rnish?ng Tool e ST b S : . o Pl - - §

| ; o _ - o - N




o o e N o h - ;
i UL = Tl e B . i : B
} - = 1375-1377 /
11373 [137s 1376
f B _ j-g ) Turn fo remove part
i B R B | - Turnto spreads_/;ws
L I I '
b
! ) A INE ) ,
: ! - .
i Sl ' A~ g
| i | , —31; Draven'90° out
' L[4 of posttion
! e
’ Al A m
I | - ,
| l . 1 i C .
1‘ | ~ ) - ‘ »
: Xl e stop ‘ '
"‘ ' : :g/ f | P . 7 -~ :/‘_Wir‘e
| g : y i — v . / | sering
X [ ¥
| ‘ , 17
k| 17 AN s,
' ‘ 3 N A 3 / —3 hooks
i N } 1 \’ ; N Saticaory % ) == - —
.\‘ \ / R
‘: \';_E')_ - ™ . : .
1 Y % - N N
1 E g / .. After the three hoots D have been tripped by F, they
| - hook ento the part fo be removed. The three jews fit
! R N R in grooves A and are pinnad to it. A snap ring [round
! wirg} spring is used instead of a garfer spring, With &
) of E résting on he part, nut B is turned clockwiss, rais-
- ing A and the three hools along with the part 1o be re-
moved. A set screw keeps Afrom rotating. The krurled
I NN - 17 £ A I I A , _ surface of E enables E 4o be held a5 B is furned.
- i ) . . “f- : . .
- J| & LK N L --Bis screwad fightly to D. Collet Fis clemped (-\ : Puller
o 3 to D by spacer Cvig 8 and sheulder £ While B is
— Ay | KN K| held by hand, A'is screwed dowr, spreading col- ' 1377 — -
N A ' let F and causing is jaws to grip the bushing. Con. ’ v I ﬂ
N N tinued turning of A presses A against the bottom - ' .
{ fthe oarl. Tarc ot E e oo e bushi
) \ N l L of the pari, forcing c?!.,:‘ F tc pull up the bushing, , } [ - l
N Y- ﬂ N * Poller {Bushing} - ) : T
Lz ol el i B
- J~ //7: H ~ [ ;'
= When A is moved foward the part, K, which is - :
attached to A, and cams F and L of K move the T X
two recessing tools 1o cutting position. Screws J ‘ ol
sprn]ead_y.-edges G and H o bind the recessing . - <
tools in the: as, Spri ids in the refrac- . ' ' iy
. {;::)?\SOTK :nrdgjr[?eo:eée?g;:?%c%l‘: d};ip:nB inehr:u;;anz o When A is turned, spreader E spreads the eight jaws F, al- s el Z ‘ 3 -
- E functions in groove C of A: it .prevenfs K from e lowing them to hook the underside of the part fo be removed. @ o ) '
. rolating,” _ s - ] N " " The eight jaws fit in slots in G which is serewed fo B. Shoul- T | | ’
S o der A of housing H rests on the unit from which the partisto |- - 1 -0
— - - .. be removed. Turning handle C raises B, G, jows F, and the .. - -
S o = e ) Rt L —7 -part. Note the use of dowels fo prevent B and Efrom turning:- : _
=== | ==t - “Dissafisfaction with existing -~ e o T CPller oL T T . ‘1
g - designs coupled with — - - N — — ] e R .
o delermination to-improve them - S— e — - S o D -
- " has produced many inventions.” s b S paTr]l:3 ?dlumhfe puller is designed to remove two sizes of * PEEN - i
= S : C. WALTER LOHR=" - T st B Co e e
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y & — 1 oliers reas NI s ;
‘ ; The parallel pliers require two stationary pins gnd fwo pins that slide in parallel !
i slofs to maintain the parsllelism of the jaws. : s 5
| - _— Parallel Pliers 3
| - - :
.o~ ' 1383 - i
M~ = = — e - g 1§ T ] -
- E - e L i
AL e o - : _ — I T T ;
pe . :
f AN 2
. 3 fy \ z
: // o
. | L
L . L
i‘ !
i s i f\\ |
- N8 T
tq_l' AR il R 5 This steking tool inter-
i = —TF r = nally exfrudes two small
. . NN Sy 1 2 - holes to hold one thin part :
C T ' \\ /] X:\Ef{ﬂr: T - -*1-_ o inside another. -
3 / ‘; AN . ! RN oh o . :
. . t’ é Va ;‘_:/‘ . & X
[ 2 w—w—f ~ _ Staking Tool :
o/ _ \ ' 2 ¢
fe £ - . ’
il T = o, R C . i
i 235 fxy Whea Fis moved ta the left, rocker arm E, which holds the
' £t - * cutting tool, rotetes about G as followerJ slides along cam .
groove H of F. K controls the movement of F, which is re- oo

cessed to allow space for E.

i1
&
O S —

ge stake a thin' pa

Three cams force three stakin
Sfakingl Tool

iparallel-ed

—
% - . 1
N N Rswae .-_-_—_..-] : L _

g pai-r of pliers has been
pand a snap ring as it is

------ . B i :
= — (] I R

\ -

| s R

tered to ex
- assembled.

- An expandin
Cal

internal Spherical Cutting Toof L T —_— :
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| . SHALL DETAILS FOR BEGINNERS

~ The numerous small details included in this category are intended for the inexpericnced de-
- signer. Study of the many odditional details explained in the preceding cotegories is also
recommended. S S N

~;
|
e # £ i e ¢ i LA e T P =k s

\Shou/der—\ ,

_ rc:‘_-\r . , { I . _4 . GOOD ‘ L
7 / l S0 ! 3 POOR ’ GOOoD BETTER
_ ) % , / P - The design at the exireme left is satisfactory but should -
‘ ////// X4 'r /” \\\:\ % 7 / ‘ I A be used with caution, The poor designis nof satisfactory and
B B 3 N ‘f/ /’ ! ; .
/

7 A _ | . should nof be used for & moving shaft. . l -~
e e 1- ] 7. o ) ) Weldment
- ‘ :
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What is Wreng with this Design?

) \ 1401 a0z

{ l& ARNS J/ 7 S = 7
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N Eccenltric r-—- . | '-I
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| . What is Wrong with this Design? — I ‘I_.._IV :

' ) l STRONG  ~ | Contact surfaces should be machined regard-
b 1396 . ) ‘ _ ' less of the material specified. Althaugh pla%eksio:}:
L - i . " b e |- appears to be sinooth, i too should be meachined,
- - o WEAKEST STRONGER  STRONGEST LA The contro! over the location of the welded com- ;

-1 : Weldment S Weldment ' ponents is vsually limited, o y

! . 1403 ) :’Zb!j ” |404 Sy Wefdm_eni

The

| 405 o -
| practice of _=J. . -' T fj

— : 5 | q _ lapping il [ - T1 o e T _7-— S
’ . - . 'Z - L *twoweldment - R B U R T o
- SR o . —J—= 8 . g members T — o
1 o - . ’ - 7 ‘ Lo ] A 7; : _ \ should be ) e - -
L L - - IR R dwith | T ‘@ ﬂ; PE O
o 3 ' - li;zeg - , A = e vsed with | e /] S
: i "y ' S B ST e, - — -t Sleeve~A has been added | . coution, "~ ) ] "'—) R |1 % s =
3 R - : Ll . I to incredss the stability of the el o ! B S

.| teper-pinnedbase of the shaft, |77 i -_-_ wl—fAK- _W_—— STRONG™ .-

T i Weldment |7 Weldment
[‘49-6 5 - Pr— ..

i The;ve_ld—l;'lihe weak d-e-s-igﬁ must be ground or | -
_filed smooth to profect the hands. of the operator,~t” | = g-=.

- —e L - E— — T e “Weldment __ T Tm s
— oo . . 77 Because a weld is harder than the ma- e T L =

A .. T Heriol being welded, it is not possible fo- 1407 B
- [ S . ] e T T —- o ‘ N " oblain & smooth-overall machined. sur- - SR & N H"_— o
i - th:l is Wrong with this Design? T e s T bt e - L e L i face'if & portion of the surface hasbeen -] = - _9 1
‘ - . v e wlonT ] Whatis WTO"Q with this Design? — i AT " welded—Recessed welding eliminates - | Wt
. : o= S =N | N this problem. In the dlustration, recessed T P )
[ e T L - T - welding is provided for the' tubing.... - |+ =~ == T e - -

ST e T . 'A:_"': A Safisfactory Clovis Weldment
T Weldment - T T T _ o Weldment . —
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A Sa¥isfactory Clevis Weldment
Weldment

The large V created by
the chamfer provides o
- much stronger weld, The
sharp point of the poor -
evemple would burn,

A Setiddactory Ci';:-vis Weldment
Weldment

POOR

- Weldment

141]

Hoe ATT'-':_;‘_::rrcw Y welds are not satisfac-
i e e larger V welds created by the
flets 24 the cylinder ere much stronger.

1412

N\
T

The chamfers increass the size of the
Vs, creating a stronger weld,

Vr'u!dm&ﬂf

1413

Marcow Vs produce weak welds, -+ |

Weldment

‘
| : . .
i Veldment

:

|

|

‘

1414

;
welds are completed. Chamfler
A permits a continuous weld in
the cacner, ’

| Weldment
|

— PertBiswelded after the other

1415 f 1416

f1set
—— Y4
-~
L~ i
Offset ] EG}
' - |
_ 1]
Offset ’
Y

Ofiset welds are less expen-
sive than flush V welds, which in.
volve the cost of chamfering.

Weldmeni‘

The sharp peirts of D, E, and F burn and
create weak welds. Culoffs A and C provide
stronger welds. B permits a condinuous

- in the corner.

weld ~

" Weldment

and money. Nofe the

. To_machine this part from stock of diameter A would be
time consuming, Welding the two components saves time
use of the shoulder for alignment.

1417 eI
B e N
i R o
fsﬁo&;ef i

| 5, B ; ¥
WRZNN

be used for the-larger plece and will re-

Weldment

machine the part.

-~ Weldmant

Specifying » Weldment in fhis design -
will permit a less expensive material o=~

duce the amoiint_of time reqired to- i Tan

L il

1419—1431

419

‘_r{v;_\

. CNC)
Weld symbols have been
develeped that specify de.
sired welds preciseﬁ(. :

Weldment

See Mustration 756 in the Collets (Externsl)
category for the assembly drawing of this
part, B is a thread ralief. The three & sur-
{aces are ground, Reliefs C, E, and F reduce
{riction and/or the cost cf machining. His an
interna! thread relief. D is & grinding reliel,

1421

A\ ” |
\ -

\rzr)

" Refief. A reduces friction. Relief B provides
clearance Tor the gear testh,

Relief’

1422

‘\ Direciion
of tool .

When the shoulder and the
shaft are to be ground, the re-
lief should include both sur-
faces as shown, . - .

Providing rounded refiefs for
ground end machined surfaces
will relieve stress concentra-
tion. o

1425

Occasionally & depth of -
only a few thousandths or 1/32
of aninch is specified for ihe
rehef, !f arelief is notincludad,
cutting tool edges may be-
come rounded, creating & fil-
let. This does not mean, bow-.
ever, that all such corners are

ST

- Rounding the botom of the
relief will reliave stress concen-
iration. It is unnecessary to re-
lieve the bot'om of the mating
groove because chamfer A
hes already Eeen provided.

| -

U nternal threads are relieved
“ds shown, IR

~Refief . T}

A shaft may be ‘screwed
tightly onto a part if a shoulder
similar Yo shoulder A of the il-
lustration is provided. The
rounded refief relieves stress:
concentration.

Relief

smoothly,

. Reducing the customary 45°
angle chamfer allows 2 shaft
and a hole to engage more

- Thread Chamfer - b

Relief — ‘Relief re|_i_eved. Relief ~ Relief .
1426 1427 1428 1429 /-CHFF\'.
ZH 1 S T W,
/ Jlil—a : a ! J}
| Ay

AN

4

Bolts or studs that are fre-
quently screwed inlo a hole
will engage more smoothly if
the Yapped hole is chamfered. -

Thread Chamfer -

~ 7 Using a threaded cylinder as a nut.ollows
~the balt to rotate. Note that the inclined
~ . limits for the bolt are not radial, "

no torque will be -applied.

T-}_i;.lo-c]dr.\ set screwﬂshogld bé used'}o
held only bolts or threaded shafts to which

- T!wre'adﬁCrlamping o
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i Shoulder : ¥ ) o i J:riil:l_ —

T I i )

| - locking A } } s ' |

! R r+ 4.y t . iy 1 p——_——— @ e AW . . |

] I regr T 7
i L 1 [ . . tnserting the ilustraied

| )] e ) . | ,_,_l IOD\F“ : round key with flats through a a o

i R 1 ~ ' - T wall Ts superior 1o inserting a

] . Relref - I =Y Serew Handle | This is & clampable be set screw,

i Abrass plug will not dam.- vi P o P ¥- Key

i _ age fhi scrlcw i:‘ holds b?{-_ ‘L Screw Handla I439 o !

| ] cavse the plug shapes iise Shoulder - ’ —_—

i% - to the thraads, — 1438 1451 | 1452

3 .. Thread Clamping Shaulder Locking -7 ' ‘J

1436 _ 1437 | | }

1. LockING [ m L

'i i | eET e | B¥ I =/

.1 '7"";. ] ! ‘

. : v / I A

: | i .

1 \/ i / ] . I Aninternalkeyway may be ferminated

| N i by a driled hole,

! - - T Yy a gritei hole, . h

! Arar— / o e ‘ When there is not encugh reom for ‘ Keyway

= / Screw Handle Screw Handle : tcie the weldad button and iwo cop screws, a tongue and groove

! / / {1440 . fhe(-:l cleerance of the tongue may be used to prevent ratation of the 1455 ‘

;5 - 3 ' : L &nd groove, clamp. - - '
/// . // ' // ? ?/ // ' Tengue and Groove Tongue and Groove .@%___4@ —_— I”
I8 - A N ¥ . 1

| B G ; 41 145 . 1454 P, Sl e
| YA, A/ 3 - Nedhe T

| - ol

| ~ | o 4 [/ | ® Lidg

; A > The -edjustable and locking ‘ / / / ! - A f I T ) —-

| A lecking set screw is set screw fits in an endmilled / / —/ 2 . T I I _J@ T J_ l -
: frequenily used to lock a slot of the shaft to control its — i / / | ) L 'ler f ~/=w o -

E dog point set screw. lengthwise movement. A flat i ! / / | - . i! i ! .

5 for the nut must be provided ' ! /! I! Y l P - || i \{.) : -

because of the cylindrical sur- i 7 - f — Nl i i Rocker Arm

. Set Screws _ face S— L - . { , 3 14

3 Y s - - L - 56

4 : 144, B ~ | SG* SCFEWS EXPENS|VE GOUL b — - ﬁd I - b /' ol . fend

i . ‘ - ey Mo - yhndricar en

- 14 | | | & e .

} {-;:,' | /\ 42 L The largzr hole is less expensive fo machine because '_“‘ B hu——i L : :

. it reduces the ameunt of tapping. A locking set screw - f' - An Adjustable Spherical Rocker Arm A /-

| o R - ¥ frequently used to lock the set screw. - : B Rocker Arm - . L_/\ - /\_)
1T E —.Er 'Sq Set Screws h o ' 1458 !

: | ] - T b : T .

b - ! in . 1443 1444 A rectengular key placedin [ -

| T ] 1 T {l | H N : R _the lu[aywegv of A co;id bind at

8 7 1 P e s S L the closed end of the keyway:

1 i b=l l l |4:.__?1 l/ ? it could not bind in the keyway

| AN o/ 71 P :
1 vy i = e :
b "Flats are cut on shafts B _ / / | b e - ’
i , i : 1457 -

] and some special screws to s 2 / / /f! / AR It

tighten or adjust them. Turning oFRed . A | / AT 2 D - i
| — "] — Measurement A should be / / -

i . basedhon st é'i'i!;da rd er}:‘d 1446 . - ) é T A : /J' !

- — wrench sizes, that is, the ~ L : 3 A

il = _. distance across the flats of s @ I - - \: I \\ \\\f = \\ =

i‘ sfanda_rd bolts and nuts. oo N N 'furn.r'ng':: e L L J\V —:\\ ] '1\ -

| ” Jerring of Rod T ? - g :\\ \\Q , L

i! ) T,— L Fr:_::;:,\" L . _z/ll ! :7” o .‘_':“;'—-h:“;i _ . 7 POOR o G’OO?W - ) NOTV\_h"ere ':""—f' """"" =

= 11 / R " Along shenk cop screw is not as - I e i o o = “An 'Ad'qs*ab!é,—?ocker Arm =

‘ e ng °p 1 AArm o iy

- o N N I R I - hef{EC‘i.l_Ye as & shor! one. e R I S P ST g

Turninrg“o-f_ Red ™~ Flaf — Turning of Red - R Turn?ng of Rod Cap Screws - e Keyway - _ . : E{ocker Arm e .l )
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Cars should be taken fo provide clear-
ance o aliow the irunnion to equalize.
2 use of the locknut,

Spherical Base -
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Sphetical Base

1466 —
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Spherical Base

-

c~
~d

/E guolizer
3 .JAwWs i

ALB T BfM

Spher?ca]. Base

=
2

|

T=t=]
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. &llow the eighth se
__.. . boles for A and B.

Wedgs A, which has a
serraied =dge, clamps a
cutling foel with-a ser-
rated edga. Note the 90°
angle bstween the two
serrated edges.

Wedge Cla mpi.n.;;

Pressure created by the spring will hold the —~
handle in any desired position.

Porallel knurl replocing press frt

The recess and the

. stop pin control the

_movament of the handle,
Handle

The illusireted paratlelknurled handle elimi-
nates the scoring created by a press fit, A slid-
ing fit is specifiad for the remaining portions of

SWING HOOK-\

S/.f'dfng it (S.E)

476 ..

LNIRE SPRING

Ball Retaining

1
Sphericol segmenis

4
3

-

ﬁ I / ’
1 X
; - Cyl end

, The eylindrical ends of the rocker arm provide large arees of surface
__ cGnlact as they fit in their mating eylindrical holes located in A and B
- {sze detail of the holes). When seven of the eight segments are pushed
together, the combined sawcut spaces will provide encugh space to
gment to be inserted. Note the reliefs for the ground

. Socket Joints

1468

The detent allows the handle to be
held in a verfical position when & por-
tion of the fixture or a part is removed

“or replaced. '

Allows port? o
‘ shde over hondle

Fightening nut

4

1481

5
s

\TC" wosher

TII7I 70

b held by a detent”
and a v-groove in any one of a number

A detent pin and a conical hole [someatimes T
__ called s dimple} may be used to hold a partin
~~any cne.of-a-number of selected positions to ==
s which the part may be-moved. In:this design =7
th y-two- positions. Frequently .the

. portis.ahandl

leee

Four methods of fas-
- dening clevis pins are
shown,

A commercial §pring plunger may serve o5 a
detent. The plunger and &'dimple or a v
are.used 1o hold s parfin |

. machined.

- NSpring planger T |

Ball Retaining

o This_defentf-may-be -.]..
~+*ysed as o springloaded |
= butten or it may serve as_ - S—_—
“arest for thepartfobe - | 777!

< - Detent
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‘T ) | | Locknuts - h ) fj_' o
| 24 | BEIL

. - T % ' 172 A
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S 7Z I AN LN |
i . A set screw and a large conical hole
‘ : - Adjustable Stop -— creale an effeclive ad]m?sioble' slop. A
o 1495 - ' set screw and a nut are also frequently

le Stop

_Rest pads are usual-
ly hardened end
ground a nd:small in
size. T he reliefs he-

twoen the pads pro- Z(CL'AMPPOST . | é | 7
/,
/)

] o " used as a sfop. -
. r~=] AF:J]usiab
E-_""  1496

—— I i

The screw does not 1ake the thrust of

' - the clamping action; the thrust is ab-
vide space for chips . _ P : ! st
i Th aft ard ke rest pads sre ground. and dirt as the parts Hardened wear FI”S with flats may be . i f 7 sclhrbed by bushing A.Note ?hmn:}'xcaff_{d
Lnte oz reunded relief and the milling cut- are wrung onto the press fitted in holes in a shaft lor else- ; clearances. ‘
Car rastead relels far the pads. : pads. whare) to reduce wear, ! S
for et . ' : AR, '
I Rest Pad ’ Rest Pad ‘ Hardened Wear Pad : - 7 X N
! : i z
- 1487 . 488
Mut o g s DoRs Ot _i- . . .
. T/ :, Fine adjustments can be made by
turns —‘[ | urr ‘ C;gsr\%ﬂ_P ; using combinations of 1oles and flats as
oy N | | | indicaled. The S holes and & {lats pro-
i . Bl [ ' 7 : | vide 30 adjustment positions in the illus-
1 4| 1N y \\ I T—"?_D—]'I' - | tration. Would4 or 8 holes provide 24
\! Rest Pad / ! |INZP P Bl | LA | or 48 ad{gsimenf positicns?
i /\l 18 el et ! i In other situations requiring fine ad-- -
o /;! J[ washer - — l _jusiments, holes, slots, grooves, flats, .
| . At o notches, or pins may be paired as holes
K — 7\, ! . | and flats are in this instance.”
Eh ; lﬂf L : — Micro Adjustment
X1 IS 1 B
i N U ) i mdoned i © Thisis & pinching collet. The - | [499 - it
; neor pod P necessity of breaking the col- Q - ) T
‘ let's seal with the squeezer of ' e e s ol e LT
. - ‘ St o > * the “collet incroasés Tas the S al;”h'“ :‘"5 5"‘;9:'“9‘3’ inte the ’30“‘"' -
C - ) Fon . - angle’ of the cone becomes - m7 terbored holes of tne two pards 1o fare -
et e | HedoedWonted T | gt ([T ey (] RESSASeSRG
b S derable. Hardenad so - . Collet = — €%, screw does not absorb the thrust ror -
{e e sd ¢ L M red 1491 _ : - LT ) T doss it align the parts, lts sele purpese
thomaar, 2 e TR pultbock relecse | 1 1500 N "oyl | s fo fasten the fwo ports fogether. |
. : - X : _ @ o TTTT _: VREmOVE-Of?'eF gr'-lf',']dl‘hg—/ ) L. . ~-_Thru5'|' ) o s o
Herdened Wear Pad ‘ : Rordened e [] SRR [ - ST e S ' ok
~wear butions | _ } . _-- The shaft illustraied may be ground 1502 e e s
N L / S [ . - k | -==H an odditional piece of metal is pro-— T e . QR
1490 ] - : ) S . E p ‘ LR
. : 1 . > . R QUARTER TURN |  vided for the lathe center and then re- - - [ - e :
rYnequoly %/ ' : TUTA . sCREwW - moved upon completion of the grinding - | = =
AR 3 s e | T poced s eples |
_ " L : ing of bushing: ot L : S . z
1& é "—é." o ...z Lathe Center .-
S L2 . :
__i;:':/ B n
y N T T i A
S e @.&:_‘_ @ ~p - e = grchunterbore_prevents the lathe i
: —- T == _é S I P N T = center from becaming burred or nicked, =3
] Une‘f""mefr?ca!-do' f'néip;reven!s . arts ' EREE . 1 A : fora burred center would createinaccs = |- = i
Ly el N F— e s} o teedE e —— PSS YPEE - o St e -e
o g resssemtied ko Dbnely | T T e R ‘ __ o [ et R o M i racies in themechinng process. The' |y
jare drif'ed and reamed only in assembly after - When A and B are unequal, -The wear created by strik- - | — 1= et ra;_rqun e Im"l;o'h"] N I Whe vl is necessary fo machine °'?!Y : counferbp@-r_qu_sg__be lorge enough to--
jihe ma"~g parts have been adjsled to func- | “these fwo perls cannot be re- - ing surfaccsan be reduced L 'Ziﬁ.-f?.'."';:’ clemps the bus '"hg- = s porlionof anon-circular par'r_i_q};’_c_J[a_q-‘_,% ar the lathe center. T
Lion 5’:’L"?Hy o S L assembled incorrecﬂy. i by hardened wear butlons. T e - c-e‘z t afA -pteven*-s '-:1 e: . ‘.drlcal s]:nape. H-'E;Parf may be turned on : S - -
! R S T SV T e - . L B - .bﬂqg_—_ffpm-*urmng. wemem| e lathe i 1118Jgi_h_e_g_:en1ers areincluded.” . - = .
— o Y] : LTI = R e LR I Y T e T ol
Dowels ) . Hardened Wear Pad , et Quarter-Turn Secrew -Lathe Cenler - R [ " Lathe Cenfer :
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i 1512-1520. SR B
; : | 1512 - I .
i (1503 504 : T - Stronger when above conter 1513 . 15 14 - CLAMP POST ,
iR Y A | _ - v ‘ A - Most effective : . _ :
i ;*a-f’é"’chff: P ‘ I | near the end (7 7 2> C —
| o | 3@’ N ! ,/ : T Vertical pull-
. ) | : / ‘”""_'-'7 : down portion
| . //_iiiy%jji s N
| ) . AR ——
4 If the clarmp were fo break, it would break - “ ] T .
| below the hole, 1t would not break abovethe ~NOT 1 L____
X hole since the Torce applied at the ends of here
o the clamp is direcied upward. Raising the Roiates
i - » {
1 The width of & groove s al- ) tﬁ,l?n above the center will strengthen the | clamp
§ ways given first, P Hole Location Vortical
—- ertica
Lathe Cenier _ o _ a ) 1515 If the pin were put near 1 ——
1505 ! N - 5 /\/— the shoulder, the effec- {—|[--
! More L o B © Yool musteleor, - ] T - ‘ @' tiveness of the portion of o
| REXpersive ) -F H ] : e T the shaft above it would T CAM
|saT ] Sty sovers! : b bl | S oeve P
e [ e - )T° chined as cne and then Theught should be givan to the space e A ably. -
' ™ v i sawed aparl. In some in- aeeded for the cutting faols Lsed in cer- : P RIEE o - . This is the com design
‘ ‘ e I - stances a shim is addad f_ain machn’n?ng eperalions. In this opera- i | Hole Location most commonly used to
A \ i I to filtin the saw cut. ;1‘0;:!1?*.3 drilt must clear the adae of the ! \\ 1 rotate clamp posts.
A ) ole. o
‘ n e N A\ Clamp Post Rotation
Machiring ) - . Multiple Parts Machining

f1so7 " 1508 | ]

‘ I516 -
Millag! flat— '

8

\ .
’ b IJ‘ . r
f !'\“':POD - ,__' ‘@' - | _—{\{\f\. Clernping porhon‘—\
] - - ST U | | | ‘rffl : :
i | -ENDMILL DRILL — ] 4
5 : CLAMP ! ! ‘ :
! POST A i :

|
=
-

In fixture desion, a rack is Irequently machised on a shaft. Belore the

'3 , AN
: cackis cut, a flatis usvally mifled 1o increase the length of the teeth. L ) ; - ]\\\\ Y L Y
1 Machining a Rack on a Shaft _@L @ : N | } . Gnclarmping porfon ... S T
‘ 1509 510" o ‘ S - - —HE“:-——-_-- } [ [ | --Wedge cams frequently have a clamping cam and an uriclam'pli_ng
: . . ! cam. The latter, usually a 459 cam, retracts the clamp post. See the

Because so few duplicates are produced

¥ | . Coening for quick Unscrem -
i .7 of cap screw, Sef screw

D e ' == | " Power Seurces for Clemp-Posts cetegory for-additionél wedge cam

in fixture work, it s necessory to use less ex .-designs, —

' k2ems oul dird pensive methads of machining certain types _ . e o . Cam Groove . —
f R e frt. of holes. A rectenguler hole may be end- P Putfing a cam groove used to roteie. s . e ) e I -
\ milled inexpensively by drilling & hele at each Lo clamp post in the bushing insiead of in the - 518.. . ) 519 L _
[ corner; the holes alto terve as excellent re. A P ctamp post proves to be useful when it is in- e ’ ; "/C/earance - -
T Yefs. Note shat the lerger rectangular cpen- convenient to place a sef screw in the frame. - - U N T P . ] e
end hole has endmilled corners. ' — . ' N xx—/ﬁldd agsmall - .
. o e om0 Clamp Post Rotation .. 277 e - \ : \ grooveorfite - | =
. o Slots and Holes . e = I \ - \ o flot, . - ,, =
Il 1511 Assembdling hofe P |5!7 T T e N\\Q \ T -
i . :J-L- \ : L e NOT herey S i
: - : P // s o = A smell groove or.a filed {lat will al-
- Adrilled hole mey be enlarged o AL = low trapped air to escaperOnly one of _
J— info a square hole, The remaining L — _ the'diameters should be of press fit size. ™
| -- porfions of the drilled hole may : j T e e T
| . serve as {riction-reducing reliefs. t :J - _ — T Alrvent
; Note the circular endmillad slots £ p B
1 that are used for istational ad- - i = -
! ustment, ~ NOT héres : _
! = - Slotsand Heles - - ﬁ _The'cam must be at the™_
' T - - i . ndof.3he clamp post—
| - - = e -1+ when the_shaft is.assem-
: . cen T e T T The assembling hole is neaded only while ™" Watly prevent air trapped in holes from - bled d,_ﬂd_,dﬁ?ﬁﬂ{‘b!?d
\ e T A cap screw and a washer aré inserted info - " shaft A is being auemblad. Upon comple—— - J—— = inter{ering with™the ‘movement of parls of i R P
; = : "—a.threaded hole g hold the jaw in place as tion of the -cprration, the hole sheuld ke, | - =the-fixture, The airvents should be placed in N ==y
- it is ground. Usually thero are three jevis, Al closed fo keap cut dirt. Thought sheuld be R o[ tocetions wherethey willnot become clogged, 11| T T
Tl are replacesbla; erabling the chuek tn which-- |-+ - ‘given fo how the parts of the Tixture will b .- - I R A R o e S LT /
Co == dheyare used fo accemmodale other'parts, assembled, - S R - 3 M e T
—_ Assembling Holg - ST - B T hecomblina Hola - T b E - o - Airvent

. “Assembling Hole I - R
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: Alihough sharp-edged bushings ere 11 Sy
% usually used to keep out dirt, some de- ‘ - :%-4
i signers prefer to spacify o 005 flat. . GOOD 47
| T : . , . B . T
_— Dust Pretector i >
| ' )
1524 525 /2 S 7
] S § ' ; E ] : o
N A /// [ — D
‘ I | ) - g Whenever a part is to be pinned t B _L_ \—h .
(t | I i Drilling info the side of the end .P P o . engthwise
L ! T Volch plug closing _‘; sheft is nef easy nor is sh‘:f‘frf1 of & shat, flats are milled on the Pinning to a Shaft Shaft Centrol
. of ety of o hole ;es(:ccs;raéizl]y 'pocaiec*i‘ un- - - Pinning 1o a Shaff 1540 I154] -
| e recaufions
8 L are feken, Aflat isend-  |1539
i ] e taren, is end-
I i Dust Prolecior | Dust Protecior’ unThbe icr:; :hiiniirnigrzys m=”edrbef<i;e the driiling
|| 1ne DUSNI [ i cperatisn begins, .
© 115728 to the spherical shape of P qins > gy
j - the part. Note that the ac- Pinsing 4 -
— 3 : tion of the cam tightens the nring Toe Shaft ] %I A
| 7 ‘ bushing aguinst the part. . _ {538 7
I Bushing Clamp Two-drill bushings with added o _:__—_ . ;
- flals may be used to eliminate bush: ) Lengthwise Shaft Confrol
i ) ing interference. Note the anc;-.sll?r . ~ 1543
! Bushing R ! Hand! cuts on the bushing fo prevent the o 3]
h ushing Remava Fena drill from grifting. o ; ’ -[L { —! -
11529 Bushing ; 4 B ' 17 i .
| 11831 - o T L ‘
i . Lengthwise Shaft Cénfrol
1
T W pim prevenis T 1542
I turnimg of bushing e 4 / / -
_ : -~ The most effective - ) - :}.@__1/ -
[ 1 . . . .
I clamping action is pro- . - W/A L
7 - duced_ when the cap e _ L ST P
4 / L . :E;EL‘-'O:_-‘;.VEW doseto _ “}':"/Ll’rhough the shaft can rotete freely, it can move the at- = | “Sheft Rotation Control | ~ —xz
Al | e | eched pork Asetscrewinslot Aof thepart eops Bfrom [ [50— — e
- ] 1 | - . . ‘ S s 3077 I
1532 | Clemping to o Shaft Shoft Free:Wheeling oo "7 | T
. _The rotating drill bushing with in- : 7;;4&7, . : _ 1545 LT T e
i e dexed slots is used with a pin to N ComEmee : T L e N =
. eliminate drill bushing interference. , . . Alihough the pin pre- -~ Prevends A T : S
} - Bushing N |-+ 7 When holes ":f |dg”e}1d - - : )’e“'}f}*hl? Shci;frogi ;urn-k. L turning —a. 2 e T it
T - close 1ogether, Anfl.bush- i ing, it allows the shaft to- <=t : :
— ) — 11833 . - : ’ ing in‘.er?e:nnro' resulfs. It " bec_i ngaged easily. .. e
}-A S 33 - e . may be eliminaled b\‘, re- .«l o [ o BRI
- - e T TR e L i ’ 7 s i r!ecirig"rhc- bushing w:_iha‘ ;A
| i-. _When it is.necessary to remove & drill bushing—--| - — “¥4- / -1 largertworhola buzhing. The -
= in order to replace it with another for an operation _— T =l lower end of the 1_wo-519|e —|- S -
. —tkat follows the drilling, such as thresding, a han-- 47~ . - L bushing should fie faily -~ } —— - - o
I dle is added to the Bushing to faciliiele its re- s T SRP . .close 1o the EdL.Laﬂd con- et e L2 — “90°turn. |
i rﬂo?él."ﬂw histing should not be sllewed to furn e AT <. form reasone l"_r"""'en_ _*‘3 its “The balls allow the shaft {0 1o gig"alihough the T~ S
I during the machiring operation. = =" = | | —~ | - shape. T e i_\_eac'i of the shaft remains in a stationary position T —
| —- JRUNUS — . . . e mmm .o . . . O o - ST N S o
. Bushing Removal Hendle = —— Biishing Removal-Handle ™ | .. o Bushing R B n:‘r’\y preSSEci -ag.alr?sfr ”‘,‘?P"’f being clamped.. Fot e
- - . - Tl Shaft Free-Wheefing ™ — ' BT e
| & bt B ) - ' 2  Shaft Ratation Control =~ |
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Rotating port
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: P.r_'li.cvin?l the central portion of a long
- sheft in o hole reduces the friction and .pro-
vides a chamber for grease,

Although the pin pre- =
vents the <haft from furn--- 1553 -
ing, it allows the shaft to-. -
be disengaged sasily,

= Shaft Locking
Vi

Clearance

A shoulder bolt and o nut may be used

1562

. T e

Y - - to hold rotating part if a few thous-. —s )
. Shaft Rotafion Contral — l ’ o A e EL"S rsi:;?;i’,!(og:fugs Locking sef screw
!' _ 1aft Rotation Coeniro o I . . & N = stituted for The shoulder bolt i fwo nuts T prevents clomping
| — . - [155] An‘angular set : . v o ——are provided. The nuts can be adjusied
| . N P screwis vied folock ‘\ [ ‘ as wedrocours, , i
: Freguerdly the rotation of a . —U"' - Placing the offset set a shaft vhen it is im- ; : A - Co ‘ A cep screw ond a lacking
\ :haft mutt be mited fo only _ - ~ : screw in o dimple assures practicaliouse o set | ™ \ 3 Clearance for a Rotating Part set screw may be used 16 hold
(" zfrection of o furn. Nede how A \ N that the shaft will be screw perpendicular : : A N g o arotaling part if they are ad-
7 the endmiled slot s crealed. % |\ N tightly locked. Note the to the shaft. 1 Clearance ‘ _ . justed to provide the clzar
‘ , : i I“ relief which is essential / ance required to allow the
‘ ' when close fitting parts y . L\ . \ ‘ ST part to rolate, The clearance
i Sheft Rotation Control | IF] . are machined, - Shafi Locking ‘ AT PAT— _ When the power source shaft remains is not shown below the head
i - 1 ) : - ‘\E T na horigo'r!fall pesition, an oblong slot. in this illustration, The thrust
, ‘ ‘ T : ‘ Shaft Locking = IR R RA 7 == e e B _ ;""U5+ be Pr?‘”dﬁd in the clamp fo re- is sbsorbed by diameter A of
; o : = L i T ract it. Note the clearances and thejr the rolating r}arf in the coun-
- ' size. . H
: I555 _ T Y A - Slotted clearonce : IZiEi:.‘ZfSy ];P?eea'gm:ier:o;i e
f - I o ) . } the
The «clearerce permits Rounded ends cosf mbre cap screw,
& limited portion of the _ o0 .. ‘ :
3 shaft to be decimal sivad TR AT - Clearance Checking - y .
i 3 Clearance for a Rotating Part
‘ and prevents the press fit - i
1 of the bearing from dam- - _ / A ' : 1563 - 1564 )
| aging the threads. & AN '
| ' - P C
| Clearance : 1 - o — o

003 C'/earanfe/ —- - o

1556

The clesrence Imits the decimal sizing to the
besring area. The remaindsr of the shaft mey be
- sized 1o ¢ fraction of an inch, The clearence slso
|- J o Horgened wear pod |- - prevents the surface of the remainder of the -bfi -

.ciration 496 in the Combination

' from becoming scored (roughéned), which may
Clarpirg calegory for the assem- | 558

I

!

result from pressing he bearing onts the shaft.
. - : 1 b ) -
Fa- Ce e 7 .
| By ef whichihis lusteation s & pert. //// :
b 7 o : é Z . - ,

— -4
. Sheft Through a Shaft LT

([ Occationally it is necessary to -
i T T pass e shaft through ancther shaft

Sy means cf en endmilled slot, See Clearance

Arotating part may be hald | .
by a rigidly ‘clamped shoulder [ ---
S 71" boltif a fewthousandths of an— :
el T - inch cledrance is allowed as

: > _shown, e
e 3 ' _ = }‘:—2‘ : = --Clearance for a Roief?ri;-l’érf
— T i | :
: \ ‘-'\\-\ et I - N
’ 7 ‘\\\\\ = 3 L _ -— ) _—
! - o TV | T Specifying fwe lock . |- When the height of the tongue is specified fo-
i R — e nuts in thisdesign allows - - [~ be identical 1o the depth of the grocve, machin- -
] e When plate sieel stock isused, a the nuts 1o be adjusted .. “ing tolerances may prevent sufaces A from louch- :
} sufficient ares should be machined . toprevent the shaft from  ~{ - ing the mating surfaces. i is necessary to dimen-; —
I eround the nut 10 allow the-wrench ~7| .. being locked to the sioni fo creale a clesrance_as shown. . T St :
| — tobe used. e T woSrame, T T | L T — -~ Cl o FT e T o N ey e
~— | 10 De usec B T fuit - R . L mmm e T Cearances;o{_movmg-pm-_}_s___sp_n be T Anenlorged. hole may be substitated for slot ™
-~ Clearaics” o7 ] i | Clearance ol — " Clearance. L .:_____':_:checl;eudr_}_)yr__d_,ra.“‘amg Ahe_partsTin their - . Ain post D since-the" clémiping force is -applied .~ { - .
] — .z unclamped positions. Only in~the un. = |- via shoulders-C and not via the pin, but an en-TUf o
B P _ qampq::f position do “lhe angular cits in—- - larged hole. should -not be substituled for slat B
| ---fuﬁl;s :Hzg_g‘c‘i_.G. sppeat o be necessary, - ——because the slotisneeded to reiract the clamp, = _ 7 -
[ ST e e e e e e S ST S e ki L — - Cléarance Checling e Cemele “Clearance Checking "~ -
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| ~ e 157777587
15661576 Gne 1771587

ii ~ L ; — ~ -
| S o 1577 1578 | 15 TT

. _ s <
‘- o = . ' "} - :@}\_'\\ SN RN -
1 - v LH. H ' ' 7 e /7*\T\ A
(777 / 7 T ’)i?,?// {.{} o BRI NN, | //ajl , n[\\ ‘ i
3 w e / 7 ; '\\_,,’ I : : - ' ' B é/\ A I /

3 = / ) 4 //% ‘%ILI / _ This arrangement is used to preveni WA VAR VY 4
i / | ) / wiv )L Py an excessive amount of clamping pres- }\ | N Q«] -

| 7 =/ NSO o , .

; — / J:/ S— Avoiding Excessive Spring Pressure When space is needed for

i / = : == the spn_rZ?. it can be supplied

: s / L / Nested springs [two or more '58, - :oy roviding an endmilled hole

! ya Q/ | inside each other) produce the g g ) L i ) in the shaft for one end of_ the

; 1':3/ maximum amount of energy in o -——- ,’1,’,' Portion removed from A- — spring and another endmilled

3 [~ 4 the minimum amount of space. - Flat springs are 100 lflﬂé’ﬂ' _ TR hole in th base for the other N
i — In & twospring system, the made of flaf stock, | ‘ i : b \_\_‘_ ;\_c - end of the spring. ) -

: o - L . “gute'r spring ahsorbs two. They tske many . - ( el e Additional Space for & Spring

i 0w . — thirds of the workload and the shepes and forms, : Torsion Spring g

Bresilla wlw_«,l-er springs are : . inrer spring one-third, Oppo- . . o TR 1582

i ,PSE.d when dre load on the The limited emount of radial site wound springs are used to Flat Spring ¢ Y580 _ ‘ . e . |-

A R heavy and on}ya;mall and lengthwisé space necessi- prevent coils of adiacent o ’// r : J ; A : ___L I r/

. - feant of comprassion s re- tates winding the wire "onthe |  springs from infermeshing. 1573 . @% 1 \ \\\\\\ ~— <

: guired. " {lat” a5 shown, If the amount Nesting of Sorings d / - \ I o : % % "C/

1 Sluited waster springs are of redial space were reduced : d pring . , . ; o ] \ )| < :

} e Pavible than plain Belle- further, it would not ke pos- : S ' ‘N4 | \// ! /

i wMe iasher springs. They sible 1o wind & rectangular T : ' . N ] ’A / : N /

‘l should e viad enty when it is wire spring "on edge” without ~ s '\ \ / // g LS TN /

: ~ecezzamy tomas'alaincobstant extend: ndg %:;e‘: lengihwise PR \ N AT 4 \\l ? > [\\ /

i reteurs, : siderably. - P N hIR W,

1 prese - . space considerably ' l . ‘ . § \ The spring fits in an endmilled slof of - Ao ]

‘ .B.r.{$!tzvr||e Washer Spring - Rectangular Wire Spring Flat Spring N ’ ; _ \;{K 7 \\ g:ﬁ:r?anﬁgn i iiniefl;:‘::iz'ns against Snop ring \A‘f}' vent
L1570 I 1574 . o 7‘\ =1\ ! Q‘ ' : R ‘ Additional Space for a Spring .
] ) _ | - Retracfing Sprin -

i’ / i | / o83 i 1584

i I - i - | ] A - .

] . f 7“4

72777

1575

‘! i LOCA-’?UT\ \ ’
j . _ 7 /—'—'——'\ ;
‘ Use of elliptical wire springs : \\/ / \ ) ;
! applies in the same way use of _ / Lo /| |1
} rec‘.angular wire springs does.l 7 1 1 L A locknuof Leeps the controlling nut in / | /I\ o A : : .
i Ellipfical Wire Spring - . j/,, 1A / \ //_ - __:' :
" = WA 17 WAV,

|

b,
ey

AN+

@@I" | | ; £m¥jlw‘.l§§§§§§§ﬁ§§,gv<£¥5/

‘ " This torsion spring is - . . A . e | B
| his for spring is Snep ring springs _Note the stop, airvent, re- ™" i
i f:‘!e‘:'.lgned .o,,unwmd when A are mgde of round. L m,.,ﬁ,,,‘,,, _ M,___qnd chamfers_ . . T
! it 'is deflected. A well- cauare. or rectanay. - ) . . e e == 7 .
designed lorsion spring e iq tock gV . The spring will-function sefisfactorily Additional Space for a Spring__°
winds when i s de. — ar stock, _ in the curved endmilled slot to accom- — — — -
fecied - Snap Ring Spring modate rofefing port B. . |1587 R '
Torsion Spring 11576 B ~--Refracting Spﬂng ST S e ) O Sy

octgut

11586

7

i - Springs thot.are nof made - . The coils of & torsion sprin — i ———o el e e e T
'| of rzung wire should be tsed - should wind when the sprg[;g |gs 7 _ ” - b \\\\1[ l}\X\\\\ _ -
! only when the amount of space _. dellected. This action tends to_ _ _ . V=) o |7 ey s
| svaitshle does not permii the increase.the number of coils. / '''' ¥ }:Wf I S T T - /] g )
B | —_— Y e 2 T - ‘ "
i -——Cause squatewire has a larger 1 T o e e T T e T wes the spring. ¢ dcateh. T =A AT e P _
E _cross sc?c'ﬁo—ﬁ"fhan roiih—d'\w-.'igre, R ~ -l Torsion Spring —— — - Some ';des_-gnc:rs ‘specify that 3 drilled - b %T.—_‘ " “Whei long springs are used, -~ -
! 3 shorter free. length square™ T T S —- ?DIG be endmilled fo create 9-§h?”]d-¢r-";n: - | ol _' S it is advisable to add a guide ™™
[ wire spring wi"pr'odquce results - - N R ' LT e S - ter 1_he spring. ... : : et T T [ o the base of the spring.The -+ :
l- eqeel-to. that produced by & - | EETTIT T - One end of the spring is lield in'the R i ki S : “ Note the use of the locknut and the T guide may be used as a stop___ | e

lomger free-length round wire o 5[0*-7\:-!-05!‘,”“' should be added topre- = [ i T " recess in the base of the $pring for the-..- to fimit the amount of com——=3|==7
Y “tpring, .. T T SrireeTe o ventreibration frem causing the addo. . S e = T - | —point éftheserew. n 0 T T e ~.pressignof the spring. S

Tt T ____— — e Thmove, T s TR e TN - Additional Space for.a Spring” S _ " Adiusting a Sprin v een - Sprt uidi tem ™~ T ' oo
— -Square Wire Spring -—— e e . R Torsion Spring N il P pring s | g & spring . vz - Spring @ c’(-ng Stem . Lok B

e ‘ L e o S I




[ . . i T TR _ . o
e ——— T T i . — - - TP P - ot e x
i e .. s e - o
- TITm—e— :
- o - - e S . PO Lo N
i T — -
[

T ?2’ - | T | T 1603~1610 . |
e e T / - 1588-1602 o 1603 - T

v Passageways rovided for oir or oil e ] L B
1591 .l - ] prossure o for lubricaticn purposes in- | .. Tam a great belicver in Lu.f'k.
i H | : Ea volve holes drilled in several directions. - The harder I'worl: the more of it I secm
_ Ir_\:q; 1 |" - B . : B The enirences to the holes may be

to havé”.  CoLEMAN coX '

¢!

brazed or threaded 1o retain a plug, or

T
o
. &

they may be plugged by pipe plugs.
AR : - fleos 1605
_ 2

o

.

= I - | |
1
|
TN
" SPRING J,\/ 0 -
PROTECTOR I ! 1

) -- / ! 7
/. ' / \ L U / / | 715
i P . : I . . wlk] ) I: : j 3 SHJELD / g —I ot “‘A- // . : . |
i Spring Guiding Stem Offsetting a Spring . ///l li | L -1 - = —_ % i/
R ' 4 Y : vil7 7 | 7 e
(1592 1593 S i ] - |- |7 7 B R B o
;. —— Use standard L : - Spring Shield // l I\_ 7 _ . REE N N .
: wrench size T : - -] | Oil and Air Passagewa Extension Spring End Holder | Extension Spring End Holder
: . } / - . l I 1594 - //// %// (" Y pring knd rolaer pring
L | < ’( T b N /A ;- ‘ ) 1606 - , 1607 . . 1608 R
| o n v _ o
a /! >l
}} ) vi ' S;ri.-; shictds prevent cH_ps ‘ : ) [N
| 1 ¥ and d'rt frem inferfering with — : ‘ l e e~ —] I J
1 ‘ the compressian of the ¢pring. k/, = ; -
| Spring Shiald 1~ ' #
N Sornetimes one base of a . : i — /
| spring’is attached to a shaft {595 , \(%‘ | T /J
i ' and the other is located at | | | X l i \‘ | P
i A rut for a'spring should be the boflom of & coun'er- / | | ' : /
’ !;:;n;-d 1 preve?f %I::e ac.’on bored bole, : Serina B - ! ; ~ l /
] 27 rressure of the sprin . | pring Base =
if L feo runscrew[r-g the nut. This Spring Base Aﬂ_ached to a Shaft AHached to a Shaft _ Mus? ‘,',?;-e,.secfx __/
} 27 be accomgplished by pro- | ‘ : o o/l groove 7,
v'<'ag ashoulder against which 597 T |598 g ! - — /
| the nul can tghten. Airvents . o ! /
| &' necessary 1o relieve the g A N T _/ﬁ
£ressure of Yrapped air. . (DY : b o
I — - The c{onver!\iionaf represen- - —— ! e -
Nut for a Spri . (A ' : - Jond s T _ tationof anoil groove is shown. I —
. ut tor a pr.mg | /// | ll \\ . : E’d‘-‘”-‘ on Spring E"‘% Holder_ - e 7,,N°fe 1t|‘:e runcui af the lower . o : ) ~ Providing recess A eliminates the
| |§96 u | — Al A / - \ 1599 : ) end of the oil groave, y e - | R ?e_ef; to align B and C. o
e S o S . _ : } . o -
1 R i . o Ol Groove e C e e N - Ol Groov S
s Ry \\ NRRN M S il Groove R il Groove L
AN L N - - o : )
NN n; i — 1609 R LT T e e
?/J\\_ l \ ) 1A . \ r&\— - - - r:_ ] -
A |- I I (i e R R
Z B0 . S -
/) /: ’ A T 103 How. o
i J ' ---Some designers prefer to - Although this
! AJ'/:_ , / have the spring rest directly spring rests on only
N \\\\L—”—\gq%\ s===[  on the pin. The chlong slot the flafs of a pin it o .
— y\_ﬁ\\ NN 2 ] for stetionary pin B alsocon- — |- will "not _be distort- | -
| " Shoulder - — trols the lengthwisé move- s S
1 i | .. ment of A and prevents A :
I - —from turning; —eeen oo Spring Bage™ | _ = B
.. Mot all designers specify"a | Spring Base Affached o a Shaft | AHached to a Shaft
~-wesher at the botfomTof.a. - — i —— -
. _Criled hole for the spring. The — || 40 T T P |
——spring’s _sidewise . movement= | - T : : “entrance T
~-within-the bore is controlled [~ ¢ - Vi
—by the Kole in the'shaft end the:- | == [T W
" Thels in the nut. The chamier of . e L L
the drilled hole efiminatesthe - | : P S T " .
~—sharp edge on which the spring . Ml R o ______.l’____-.t'
cotd o R = e e
: Cc_d__caf_c_h. .. o |-~ ~The.threads provide forthe adjusiment ofthe — .
e T . |7 8mount of tension of the spring. s T A B .
7=z Nut for a Spring 'l*';:,,_,,_ R Extension Spr?n;End__ljolder ©____ .~=|=Extension Spring End Holder  J 1 - IR Pt . o ] S -
T - - T - T S T S S O S
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This drawing is detail C of Mustration 104. The meas-

wrement of pitch P of the oil groove should be slightly

less 1F.c'j the measurement of the dislance C moves
horizontally,
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- The messurement of
pitch P of the 3il grooves
should be less then the
- measurement of the dis.
tance the part moves.
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Hlustration 1388:
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T ey |
. e
B e

Ol Gréova

ST “The inclined hole could not be drilled from either end. See Hlustration 1505.

Answers to Problems in What Is Wrong with This Designf

The com and the clamp post with its pin could not be assembled. A-vertical slot should
be provided af the left end of the endmilled groove for the retrocling pin. Then the clemp
post and its pin moy be lowered in the bore 1o engage the cam. See lllustration 950,

l”usf_r_czfion 1 389:

The com thst raises the right jock post will rolate os the knurled knob is furned. This
com needs o slot for a dog point set screw. See Mlustration 916,

llustiation 1390:
It is not possible to assemble the spring and its button in the shaft nor to dritl the hole.
The hole should be drilled from the end of the shaft and shown cccordingly. The bution
for the spring should be longer. No airvent has been provided.
Mustration 1391:

" The hole in the shaft is not large enough to permit the cam to be inserted. The ongle of
the cam is ton Targe to provide stre.y clomping action.

IHusiration 1392; .
" The holes in A and B are not |-a—rge enough fo allow the dowel pins of C to rotate suf-
ficiently to retract' A and B. See Illustration 225. o
Hlustration 1393:_

The narrow portion of the Tee of the izck post is not cut high encugh on the past.io -
_allow the post to be retracted. o S T

Mustration 1394:

The eccentric and the vertical post could not be ossembled.

Musiration 1395:

77 . The post and the equalizing Irunnion could not be assembled. See lHlustration 150,

Illusiraﬁpn' 1396——

_ llustration 1397: e o =

.77 There is no end clearance for the rotating arm, - -

fustration 1398, . T

" Theshaftcoold nst bé assembled with the trunnion. The thread
'-:-j‘---_i_tan_ded,,dowmn'ifﬁf!he horizontal centerline. See Mlustralion 93,




- A pesdive d."...'.pir.g prossure, 16,

Sstable-hieight, 1326
Jayonet Jdamping (see Quick rclease,

|l . 825, 1566

| Solty 1358

“’:oﬁn? 1201, 1371, 1372
Seeac], £ -Ner, 1330, 1331

. lhrnikins ton], 1369
tshing, 1327, 1530, 1331
bu<hing ~lamp, 1357, 1526

i Husking mover, 1336
I Pushing rlate, removable, 1017 ta 1033,

d;unping)
combination, 492 Lo 528
knife, 54, 460 10 463
lathe, 1221 10 1224
leuk test, 194, 1080, 1353
in the rear, 394 10 401
rubber hose, 5, 708

toggle link {sce Toggle link clamping)
two.directional, 463 to 491
underneath, 836
- wvacuum, 620 {o 623 . )
Clamping pressure, avoiding excessive,
16, 1578
Clearance, 1551, 1555 to 1565
Clevis design, 1407 to 1409, 1469
Clatch, onc-way, 993

External collet (sce Coilet, external)

Fire hose, 708

" Flat springs, 735, 1568, 1573, 1574

Floating cam, 166 to 173
Floating end, 1360

- Gimbal, 236, 485, 8§31, 1156

Half-turn screw, 1345 .
Hamimer action, 166, 825, 945, 1192 to
1185 '
Handle, 1325, 1335, 1405, 1468, 1470 to
1475, 1477
bushing {sce Bushing removal handle)

Loading, muitiple, 667 (o 721, 837 to
559 o
Lack, callet {see Collet lock)
cone-type, 529, 663, 526
cecentrie-type, 45, 312, 1209
shaft {see Shalt locking}
thread (see Thread Locking)

1553 ’
shoulder, 1433
thread, 349, 1431, 1432

Machining, 150510 1511

Mandrel, 998 10 1015

Micro adjustment, 1338, 1339, 1496
Miseellaneous, 1324 1o 1362

Ruck and pinion, 95, 96, 104, 238, 434,
453, 510, 671, 526, 827

Rack design, 1307

Ratsing the part, 529 1o 548 -

Ratchet, 914, 954 10 957, 1312 to 1314,
1335; 1337

Recessing tool, 1372, 1373

1439
Rod, turning of (see Tuming of rod)
Rotation shaft, control of, 1543, 1545 to

1548
Rubber hose clamping, 5, 708

Screw, eap, 1444
half-turn, 1345

2 é, Pl

E. . ) / ; , - - / /
1 ) Int ||.:-.|I clamp, two.penition, 268 to Part knock-out (Tr:\'icc, 59 Slat<and holes, 1508, 1510

o 296 : Parts, holding, 1196 10 1203 Small details, 1309 to 1615
1 - Internal callet {soe Collet, internal ) Tnltiple, 1504 - Snap ring expander, 1379, 1380

] : raiving, 529 1o 548 Sm-Er't joint, 1467
$ Pinning 1o a slinft, 1534 16 1530 Spm;in] tools, 1363 to 1387
i Jack, 13, 878 to 900 Pliers, parallel, 1381 - Spherical base, 1460 ta 1464, 1466 -
i _ with built-in lock, 001 to 911 special, 1380, 1381, 1383 Spherieal cutting 1ool, 13584, 1348
) ) d(m]r]f;, 855,912 10 918 Plug, expanding, 1351 Spinner, 1363

' cquzlizing, 930 to 933 welch, 1525 Spring-loaded link, 1340, 1341

deuhle, 917 to 029, Phinger, 92, 9405, 997, 1925 1 1259 Springs, adjustment for, 1335, 1558

f; INDEX ?’-w-ifngi\?l,.‘JB-! lo 938 Tuositinner, 417, 772, 782, 783, 1233 io allaching base to shaft, 1593, 1504,
% Jaw, chuck {see Chuck jaws) 1303 15497, 1598
1 vise (see Vise jaw) Power, paralicl transfer of, 1344 m'oidins.{ excessive préssure of, 1578
- ) Power source for clamp post, 939 to Belleville washier {see Belleville washer
| Key, 837, 1447 to 1449 P 953' fi 183,773 1 Cf! n”}pingl)SSS
AR —_ ey, 837, 1. ¥ re-position fingers, LT chamfer for, 158
! . o ca ?Jﬂ]]'t}']’)(!, 1313 Puller, 1374 10 1377, 1385 extension spring end holder, 1593, 1600
t " Refererses in this index are to illustration Clamp{s), bushing, 1357, 1526 - Dust (dirt) protecter, 902, 1144, 1521 to Keyway, 1452, 1453, 1457 Pump, hydraulic pressure, 1354 to 1602,1604, 1605
A _ cam, 297 16 328 | i) 1525 Kicl;?égck, 86, 3103, 151, 155, 160, 208,  Push-pull  springloaded  Jink, 1340, flat !(W Fhat sFringS) - Iiss
- o external {see External clainp 31, 268, 361 1341 . guiding stem for, 1387, 158
! internal (see Tnternal clamp) . - Kuife clunping, 54, 460 10 463 Pasher clamp, 419 1o 459 nested (see Nested springs)

: O pusher, 419 ta 459 Equalizer, 141, 446, 828, 927, 1114 to Kneck-out part device, 59, 160, 1339, : nut for, 1542, 1598

G strap (see Strap clamp) 1161, 1214 N 1361, 1362 offsetting of, 1589

? Adjustst ke ight base, 1328 ;32,1[;,(97}10 935)6, ]35% Equalizing jack {sce Juck, equaliving) artort . _ . providing additional space for, 1579
b Wjueat s wap, 1180, 1492, 1493, 1495, toe, 356 1o 393 Expander, 1357 | Quiriertim sere, 10 s 1352, 1564, 1585

i Laes - walking steap, 576 to 602 smap ring, 1379, 1380 Lathe center, 1204 1o 1215, 1499, 1501 1o Quick release, 219, 243,263, 305, 700, retracting, 114, 186, 329, 922, 1324,
et s table Yog, 1343 : wadge, 603 o 619, 1465 E‘P“"‘“"% plug, 1351 1503 1073 1o 1113 1551, 1583 :

. '\f‘xj'll"“ .'.t ‘ micro ('W"er Micro adjustment) Clamp bolt, 1358 External clamp, 3 to 15, 5.317 . Lathe clam ving, 1221 to 1224 ]7.‘!)‘“:!“!-')'1"(‘,( ]_.fh!) o 1983 - shirld for, 560, 1590, 1591

F o 50, 75, 95, 118, 217, 343, Clamp post, equalizing of, 163, 849 cqualizing, with floating cam, 166 to Tk st uming, 154, 1050, 1353 e e 1097 lo 1107, 1127 tarsion [see Torsion springs)

| de1. 963, 423, 313, 799, 1205, 1312 power source for, §39 to 952 1]73 a6 045 Lengthwive contral of a shaft, 1337 to ;'}“"_‘-,‘-',f"_‘yl“‘]'“lq”g“f “1'019‘(’3-‘)3 wire, lliptieal, 1572

Vir symcn o rena 1613 ratation of, 132, 1514, 1513, 1520 with lInck, 36 to . 1541 : .’.”'""" Fpe, e 1o 1036 rectangular, 1567

L e, 0, 1517, 1518, 1520 Clamp post stop, 1332 Quick e ;}'J(l]hw”gék, 19,1035 }«f';"--}frr]'n;)i-’ﬂkl Syve Jurk, leveling) Quick-selease wot, 1084, 1085 Staki e 2510 578, 1852

; i-h R 24 ¢ Clamping, havonet {sce Quick release, pulldown, 46 to Ld, 104210 oraring foal, 1508, 1373,

i ;‘fjé; :orlf 1508, 1511 "'é’él‘-i,ez.tz-pa . ~ equalizing, 65 to 84, 516 Lift hork, 1346 10 1349 Steady rest, 11527, 1328

'. V . ”phm};_’ £0) :’0 877 Nelleville washer (sce Beleville washer swing, 85 10 165, §14, 526 10 832 Limit switeh, 1309 15 1311

Stap, adjustable {see Adjustabile stop)
Strap clamp, 349t 575 ™
walking, 576 to 602
Stud puller, 1385
Swaging lool, 1365
Swiich, Iimit, 1304 10 1311

. ; Relicf, 1420 10 1427
. bz etetype) shaft (see Shaft clamping) Free-wheeling, shaft, 1542, 1544 wedge, 1204, 1282 Rgs]tcpnddllsg 1483, 1434 - -
Setlevithr washier clamping, 8, 31, 78, 190, thin part (see Thin part clamping) . Lo('k.nut {sce Nut, lock) Rocker ’m'm ' 14.'7£ o 1456 1458 Tahle clamp, 972 to 986, 1356
‘ anz, 514, 670, 672, 673, 732, 773, three point, 589, 1153, 1155 Locking, shaft, 1545, 1549, 1530, 1552 ’ s ’ )

Table leg, 1343

Table turning, 991

Thin part clamping, 178, 196, 210, 263,
269, 270, 272, 510, 523, 773, 792,
§03, 856, 1223

Thread, adjustment of, 7, 79, 305, 533
531, 626, 710, 749, 1334

Thread chamfer, 1429

" Thread lacking, 549, 1431, 1432

Thread relief, 1420, 1426, 1427

'!‘ 1035 Collet, external, 675, 677, 748 to 758, Hardened wear pad, 827, 864, 1073, 1483 Multiple landing, 667 to 721, 857 10 859 quarter-turn, 1345, 1500 Three point clamping, 559, 1133,
rotatinz, 107, 110, 1016, 1034, 1036 §10, 811, 1408 S to 1488, 1481 Multiple parts, 1504 B, 1 c be
twiod) internal, 678, 760 to 770, 838, 840 o Holder, 1355

fushing paller, 1374 10 1377

1532, 1533

‘am, fleating, 166 to 173

A ~wedge (see Wedge cam)
{:am clamip, 277 10 328
am greave, 1516

entering, 329 to 355, 874, 875
hamnfer, (hread, 1429

mshing  removal handle, 1528, 1529,

i (See clio Power sonree for clamppost)

§43, 1004, 1017
Collet Tock, 36, 37, 40, 43, 44, 449, 450,
902 o
"Combination clamping, 492 to 528

- Cone lock {see Lock, cone-type)

“Crimping tonl, 1364, 1383 |
C-washer, 569, 573, 1212, 1320 to 1323
Cylindrical nut, 49, 158, 580, 1352, 1430

___ Design, what i'?\rvrong with, 1388 to 1398
" Delent, 794, 1110,71232, 1234, 1262,

Halding the part, 1196 to 1203
Hole location, 1312, 1513
Holes, assembling, 1509, 1511

and slots, 1308, 1510
Honing tool, 1358

© Hook, lift, 1346 to 1349 -

Hydraulic precsure pump, 1354

Index pin, 989

Indc\.mg, 953 to 997 -

of a shaft, 958, 990, 696, 1178, 1180

Nested springs, 906, 1568

Nut, cylindrical (sec Cylindrical nut)
fock, 1216 to 1220, 1556, 1580, 1556
quick release (see Quick release nut)

Oil, and air passagueway, 1603 .

'L use of in climping, 14, 214, 668, 679,

" Oil groove, 1606 to 1815

650, 683, 817, 1004, 1010, 1012,
1015, 1150 . .- -

- Parallebtzanser of puwer, 1344

Sercw handle, 1434, 1435, 1438,
1439

- Seal remaver, 1367, 1370

Shaft, pinning to a, 1534 to 1535
Shalt cl]nmping, 3, 41, 812, 1137, 1162 to
1191
clearance, 1551, 1555, 1556, 1559 °
with a rotating part, 1560, 1361,
1564
lengthwise control of, 1537 to 1541
Shaft free-wheeling, 1542, 1544
Shaft indexing, 988, 990, 996, 1178, 1180
Shaft Jocking, 1545, 1549, 1550, 1352,

Shovlder neking, 1433

Thrust, 1404, 1497 -

Toe clamp, 356 to 393

Toggle linkage clinping, 16, 340, 01,
139 to 411, 443, 477, 639, 641, 722
to 747, 820, 850 ta §54

Tongue and groove, 1450, 1451, 1558

Tool blank, 1342

Torque handwheel, 1333

Torque protector, 1335

Torsion springs, 100, 126, 220, 308,
736, 1252, 1265,71571, 1573 to
1577

Tripper, 1329

. 79, : 7 213, 8512, 833, i One-way clutch, 993 . 1553 Trunnion, 74, 125
! amfer o 1333, 1478, 1479, 14581, 1482 Internal clamp, 174 to 213, 812, ne-way clutch, runnion, 74, .
P :.»}::Tk(rrfol]é }.;%31 845 1o 847 "Diaphragm, 798 to §03 e 534, 837 e ,,ﬁ "0" sing, use of, 178, 210, 1125 throngh a shaft, 1554 ' Tumbuckle principle, use of, 65, 69, 174,
{ ;"}itibk'ja\\'s 703 tC,J 707, 970 Double jack {see Juck, double} . i I"f‘“ down, 214 to 240, 835 : T : Shaft rotation, control of, 1543, 1545 to 330, 537, 624, 648, 745
I8 i?]“'“P(*)-":"'t'-""“'it'a 800 to 877 Dowdd, 603, 1335, 1439, 1490 ——" - - 7 equalizing, 241 to 267 1548 Toming of rod, 563, 1044, 1441 1e 1443,

1415, 1446 L
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o direc tirgal (].‘m-;l\ing_ 465 tn 491

_‘lu]-_-mr-lth clamping, 838
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Bl coum < Lunping, 620 to 623

i -c block, 1315 to 1319 P
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Vise jaw, 152 Lo 66
Viwelype clnping, 29, 624 to 651, 861
1o KG3 .

Walking strap (]nm[]), 576 1o 602
Wear pad, hardene

pad)

(see Hardened wear

Wedge eam, 38, 76, 182, 219, 419, 585,
644, 8 1o 452

Wedge of imps, 603 to 619, 1465

\'\'1-]rITl [ﬂngl 1525

Weldinent, 1399 1o 1419 :

What is wiong with design, 1388 to
1398

Wrench, 1368
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