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PATENT NOTICE

The machines and attachments illus-
trated and described in this booklet
are manufactured under and protected
by issued and pending United States
and [Foreign Patents.

[ ] [ ®

The design and specifications of these
machines are subject to chunge without
notice.

A SUGGESTION

To assure this booklet being available
when it is needed, we suggest that it be
placed in the tool crib and issued by
tool check only.
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Cincinnati No. 2 Universal High Speed Dial Type Milling Machine
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Cincinnati No. 3 Vertical High Speed Dial

Type Milling Machine
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CINCINNATI DIAL TYPE MILLING MACHINES
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SERIAL NUMBER

The serial number will be found stamped
in two places: Horizontal Machines, on
the face of the column near the spindle,
and front of the table near the right hand
end. Vertical Machines, top of the
scraped bearing for the knee and (ront
of the table near the right hand end
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MACHINE SPECIFICATIONS
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MACHINE SPECIFICATIONS

(Model ER)

MEDIUM SPEED AND HIGH
SPEED DIAL TYPE MILLERS

No. 2 No. 3 No. 4

Table

Working surface. ..
Size over all. . .
T-slots. . ...... R
Distance between T-slots.. ... ...

Swing of table (Universal only)

Range
Longitudinal fravel. .......x-veceresnsvnnonsainsios
o ai ive
Cscas tiavel Irlnu} and Universal ..................
YVOrGIeRl - oav it isev el bingsiinsnnenugsn
PIAI v s wroidbs vwbgs va 85 0% 92085 o nes 053
Vertical travel { Universal D S e
Vertieal ..o viviivnnvonciconananns

Horizontal Machines Only
Max. distance, center of spindle to top of table (Plain)

Min. distance, center of spindle to top of table (Plain). ..
Max. distance, center of spindle to top of table (Univ.) ..
Min. distance, center of spindle to top of table (Univ.). .

Full width between column and braces . ...
Center of spindle to bottom of overarm

Vertical Machines Only

Max. distance, end of spindle to top of table .. ..
Throat distance, center of spindle to column. .

Standard Spindle End, No. 50

Taper hole . ...

Net Weights, Pounds (Approximate)

[Plain o ot s S S
Medium Spce(liUniversal

Vertical

JPlain ..................................
High Speed{Universal...............................

| Vertical

524x1214 | 62L5x1514 | 7816x1614
528x1214 | 6214x1514 | 7814x1614
Three-{} | Three-1} | Three-1}

| 2% | 34 34
: 455 ik s { 49°
I |
28 | THj D
10 | [oR< 14
2| 16 16
19 | 20 20
18 | 19 19
13 | 16 16
L
E
L 19% | 205 20 /4
‘ 0 | 0 0
| 188 19 7 19 %
' 0 0 0
| 0y | 334 3814
SRR 7 S S %%
|
; T
et e 22
[ 0 (W e
J |
5¢ diam. | 59 diam | 5% diam
e [0 22 g s
1 taper 31 taper ‘ 3| taper
2 per foot 2 per foot 2 per foot
!
6,250 8,380 | 9,050
6,600 9,000 10,000
7,050 | 9,200 | 9,850
6,350 . 8,480 | 9,150
6,700 | 9,100 | 10,100
7,100 I 9,300 | 9,950

FPublication No. M-875-8
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TABLE OF DIMENSIONS

TABLE OF DIMENSIONS—PLAIN MACHINES

Size of Machirlxe

No. 2

t No. 3 No. 4

A . 304 3 3314 ) 3814
=i o ols 73% 7%%

/ Min- 9% 1032 i 1144
T Max. | 19% 235 257%
I A %% 12 S

E 1615 1834 2%
L 120 334 k2
B 2 50y 59 59,
e 4014 55 A 55
v il L) -4 2034 L 200 S
M 207% % 3055
__N = 4 41—"5 -l-'fﬁ-o'
P 414 L 6

Rl 7% 8% | . B4

S{Min. 0 0 | o

7 | Max. 19% 207% | 20%

— [ Min. 2275 23 2714
\Max. |  508% 5734 0934
{x\/lin. 2054 23Y 7Yy

"\ Max. 4914 573 ' 0934
V 6412 7055 7012
W iz 2015 2915
x 3015 3215 3215

AA 5215 6215 7814

B ; 25% 3 31

DD 2% 34 31

EE 0 7Y% L
— _FF. 1214 1514 1614

GG s 15 R

HH g% 2 L s %

JJ 4 1 K 1

Z 114 155 15

T it 1734 3074
MM 19+ 175% 197 _

NN 50+% ’ 3734 l 0934

PP 99 1% 11515 13915

RR 99% 1114 11974

jo
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TABLE OF

DIMENSIONS

P

TABLE OF DIMENSIONS—UNIVERSAL MACHINES

Size of Machine
No. 2 No. 3 No. 4
A 304 3315 3814
B el 734 T 78k
—C{ Min. 9145 1145 NIE
“{Max. 9% A e P
Y S ) IR S el e
E 1615 g IBBIeN R et
T, ke L 327% 338 | 183
w14 - R 5014 59 T e
[ 46014 B0 1 95 . e
2 AN 19 5 2034 203
S R e 2715 2%
N e o T Ag | A
G s ate. | 0 B B )
R X 7% | 8% | 8%
- S{N_lin. o 0 M T AR
) ~_I\L|Elx. 18135 _ 19%? : |9_‘1_1—9‘___
T { Min. | 229% T 23 e i
| Max. s _ ST 6934
[ Min. 2014 23y » 7Y
\Max. |7 38y 7R
B ol | T om0t
Y 2715 2015 2%
e B 1015 3215 e
_AA I RN 7 M
= e T L | AL
___ Db 1 24 SPh Ly U S o
EE 0 7% 8
~FF_ e 1514 P TR
GG e 1% .
i o ST i A .
JJ A i g I el £ |
T 138 13
LL 2134 | 2714 , 304%
— MM | 19% ; 1775 = 108
NN 0% T 693
PP 091l 1 11515 . 13915
RO 997% I L T
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TABLE OF DIMENSIONS

TABLE OF DIMENSIONS—VERTICAL MACHINES

Size of Machine

No. 2 No. 3 No. 4
A 14 18 18
{ Min. 0 0 0
*Max 1831 224 224%
IMI!’I T:% 10'1’;-:‘ [l% ol A
| Max. 2144 2714 e
3 335 3834 38%6
J 5014 59 9
K 4014 55 500 T
i 19 2034 2034
M 267% 30+% 305
- [ Min. 22+% 2744 7Y
| Max. 505 5734 6034
{ Min. 2054 234 274
Max 49l 5734 6934
Y 781 8534 8534
Y 274 2915 2915
X 3015 T 3215 3214
AA 521 6215 7814
e 2% 314 314
DD 25 31y 31
EE 0 714 8
FF 1214 1514 1614
GG it 1% Te
HH x % pa
J) % 2 ! l
KK B 133 13
LIt 24+% 31+% 324
MM 1748 1615 153
NN 5055 5734 6934
PP 994t ‘ 115145 13015
RR 0834 | 11134 11134

*Note—Maximum dimension “B" is with hecad in extreme up position and
knee in extreme down position.

Publication No, M-875-6



CINCINNATI DIAL TYPE MILLING MACHINES
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STANDARD EQUIPMENT
Supplied with the Machine

Plain Machines:

Arbor Supports: No. 2 Millers—one Style "B" with 214" adjustable arbor bushing
and provided with lug for brace—one Style "A" with adjustable arbor bushing
for pilot end arbors. Nos. 3 and 4 Millers—one Style "B with 214" adjustable
arbor bushing without lug for brace—one style "B" with 214" adjustable arbor
bushing and provided with lug for brace.

Adjustable Arbor Tightening Rod.

Arbor Support Bushing Adapter M-01 (includes adjustable bushing, nut, washer,
and screw) for Style “A " arbors and for Nos. 3 and 4 Machines only.

Wrenches.
Coolant Pump (Gear Driven).
Overarm Brace.

Universal Machines:

Arbor Supports: No. 2 Millers—one Style "B™" with 214" adjustable arbor bushing
and provided with lug for bracc—onc Style “A™ with adjustable arbor bushing
for pilot end arbors. Nos. 3 and 4 Millers—one Style "B with 214" adjustable
arbor bushing without lug for brace—one Style "B with 214" adjustable arbor
bushing and provided with lug for brace.

Adjustable Arbor Tightening Rod.

Arbor Support Bushing Adapter M-01 (includes adjustable bushing, nut, washer
and screw) for Style “A™ arbors and for Nos. 3 and 4 Machines only.

Standard Universal Dividing Head Equipment, including tailstock with 2-point
adjustable center; steady rest; one plate for indexing through 40 to | reduction—
all numbers up to and including 60, all even numbers and those divisible by 5 up
to 120, and many beyond; one plate for direct indexing, one center for headstock ;
and provision for connecting head to enclosed driving mechanism segment. Sizes
(nominal swing): 10” for No. 2 Machine, 12" for No. 3 Machine; 14" for No. 4
Machine

Enclosed Driving Mechanism Segment, including change gears for spiral milling,
leads range from 214" to 100" (only) for Standard Universal Dividing Heads

Wrenches.
Coolant Pump (Gear Driven).
Overarm Brace.

Vertical Machines:

Adjustable Arbor Tightening Rod.
Wrenches.

Coolant Pump (Gear Driven).




INSTALLATION INSTRUCTIONS }
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INSTALLATION INSTRUCTIONS

Complete erecting instructions are listed on a separate sheet, entitled
“"General Installation Instructions”, packed with the machine. They are
repeated briefly in this booklet for your information.

Assembling the Table to the Machine. If the machine table has been
removed for convenience in shipping, it may be replaced in the [ollowing
manner:

1. Wash the bearings on the saddle and table perfectly clean. Cover the
saddle with a liberal supply of oil.

2. Insert the table locking shoes in the front of the saddle and follow up
with the two hexagon head set screws.

3. Insert table from the left side of the machine, as you stand in front of
the machine.

4. Insert the table gib between the saddle and the table and adjust the gib
screw so that the table will have no side play. It is safe to adjust the
gib tightly so that four men cannot pull the table, and then back off
the gib slightly until four men can pull it easily.

5. Insert the lead screw from the right of the machine, and turn the screw
into the nut until the apron on the lead screw is tight against the table.
Be sure the dowel pins in the apron match with the pin holes in the end
of the table. Insert and tighten the four screws. (See Fig. 26, page 40)

6. Attach the left hand apron to the {ront end of the table. Adjust the

adjusting nut on the lead screw to take up the end play in the lead screw.
Tighten the hexagon head lock screw in the adjusting nut.

7. Place the clutch, dial, collar and spring, ball crank and screw in the end
of the lead screw to keep the ball crank in place.

Note: The bored hole in the saddle paralleling the lead screw is pro-
vided for the drive shaft for the circular milling attachment. This
drive shaft is supplied as regular equipment with the power feed Circular
Milling Attachment only.

Lifting the Machine. The machine may be lifted by a crane with a
rope or cable sling around the overarm. If a wire cable is used, be sure to
protect the dovetail bearings with wood blocks. Tighten the overarm
clamping bolts before lifting.

Foundation. Special foundations for CINCINNATI Dial Type Milling
Machines are not required. Any substantial floor, wood or concrete, fairly
flat, and sufficiently heavy to withstand the weight of the machine, will be
satisfactory. See specifications page 9, for weights and dimensions.

= {17
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CINCINNATI DIAL TYPE MILLING MACHINES
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Figure 4
Bolting the Machine to a Concrete Floor

Bolting the Machine to the Floor. When preparing for this operation,
notice that center distances of bolt holes, given on the data sheet accompany-
ing the machine, are approximated. If the floor is concrete, drill the bolt
holes about 6" in diameter. Insert the hold-down bolt through a 113"
pipe, as illustrated in Fig. 4, and fill the pipe with dry sand. Lower the
machine on two | ” thick boards, and engage the nuts on two or three threads
of the bolts. Fill the holes around the pipe with quick drying cement, thin
enough to flow easily. When cement is dry, remove boards, level machine
and tighten hold-down nuts.

Leveling. After the machine has been moved to its proper location, it
must be carefully leveled. Use an accurate micrometer level for the opera-
tion. A carpenter’s level or the bulb in a machinist's combination square is
not good enough. Drive steel wedges under the corners of the base until
the table is level in both directions. Then drive additional wedges under
the base to evenly distribute the weight of the machine, and recheck for
level. It is necessary, of course, that the machine table and leveling instru-

ment be absolutely clean and free of burrs to obtain the most accurate
results.

The sliding head of a vertical miller is balanced by counterweights inside the
machine column. These weights are held in position during shipment by
means of two screws, one on each side of the column, and identified by

instru'ction tags tied to them. Remove the screws and plug the holes with
the pipe plugs provided for that purpose.

e ,--_[ 18 ]:_: —————




: STARTING THE MACHINE
k“]’f —————— — }@

STARTING THE MACHINE FOR THE FIRST TIME

After the machine has been properly installed, wash off the slushing oil and
dirt accumulated in transit with naphtha or a similar solvent of grease.
Then fill all oiling stations with the grade of lubricant specified (See page 21.)

Before assembling the V-belts or chain to the motor, turn it over by hand a
few times to be sure that it rotates freely, and that no foreign materials
have fallen into the motor during shipment or while being unpacked.

Start the motor only, and immediately notice the direction of rotation of
the driving pulley at the rear of the machine. To start the motor with the
hinged belt guard cover open, the safety switch, Fig. 32, page 45, must be
held in contact by hand while the regular starting button is pushed. The
motor must rotate clockwise, as indicated by the brass plate (Fig. 5) attached
to the pulley. Lever "C", Fig. 15, page 30, should be in its disengaged
position when the machine is received. The spindle will not rotate until
this lever is moved to either its "Right™ or "Left” engaged position. Run
the machine for a hall hour or so to insure a protective film of o1l over all
bearings, and apply oil frequently during this period. Do not fill the reser-
voirs while the machine i1s running.

Note in particular the saddle-table oil-shot
lubrication system, station 7, Fig. 7. The oil PULLEY MUST Rup
level in this reservoir must be above the low
limit at all times. If the oil 1s completely ex-
hausted, air will get into the system, and it will
be necessary to operate the pump several times

Figure 5
Main Driv_le_tfuiley Must
5 o € ” X : I Rotate in is Direction
Pull the plpngu out Lb(, full length of its stroke Vicved From Retr of
and allow it to return itself. Do not push. Machine

to expel the air.

Filling the Column Oil Reservoir. When necessary to fill the column
oil reservoir, or add an appreciable amount, the best procedure is to remove
the small rectangular cover attached to the “feed box™ casting on the right
hand side of the machine. (This is the rapid traverse clutch adjustment
cover, page 39.) Oil may then be pumped or poured into the column
rapidly. 1 poured from a container without a spout, a sheet metal chute
can readily be fabricated to fit the opening. While one man is pouring or
pumping the oil into the reservoir, another man should watch the oil level
in the elbow, No. 10, on the left hand side of the machine. As soon as the
oil reaches the bottom of the threads in the elbow, it is at the proper work-

ing level. Use oil specified in the table, page 21.

————J 9 |—77uor o
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_ LUBRICATING INSTRUCTIONS AND SPECIFICATIONS — All Styles of Dial Type Millers

Station Y
) . e pecifications
When to Oil Number | Parts Lubricated : Lubricating Instructions ! of Lubricant
| s
v Aiped ) edium machine
Once a Day { .2.3. 4.5, Flat shdmg bearings and lead ! Qil with bench oiler mineral oil.
| 11, 12, 13 | screw bearings ; | Viscosity 190 to 210
‘ seconds Saybolt
\ | at 100° F
+ ‘ P-43
15 ) Apply one shot of grease with grease gun. L\}/Jedxu;?;)spongc
Orice .a Week 16 S;?md_lc and bevel gear bearings | Do not apply too much grease to stations %0%" et grgasc.
17 (Verticals only) 15 and 10, or bearings may overheat. Lubri- S lﬁm S(S)dp Iasc?\’
) cate other stations (14, 17 and 18) liberally MO s SUPENA o
18 | g { Al 18] ifiwerall; Grease, Standard Qil
Co of Indiana)
e (ccds continuously. Keep level above
6 Arbor bearing collar | low limit on gage
When level recedes | Auwtomatic Lubrication. V4 pint required / ) 5‘5'
to low limit on gage X Keep reservoir filled to line on gage. Pull -l
7 Saddle parts and knee bearings | plunger out full length of stroke, allow it to |
of the saddle return itself Do this six times twice daily. | Same as
Do not push plunger Specification
When level recedes 8 KK l Keep knee reservoir filled to line on gage. P=31 above
to low limit on gage nee parts IKeep column filled to bottom of threads of | Also see note.
_— filler elbow. Drain and refill with clean oil
after first month of operation. Thereafter
; . All parts in column (except | drain and refill, while machine is stopped,
Twice a Year 10 motor), including gear shifter | about twice a year, depending on operating
bracket and feed box conditions. Automatic Lubrication. Quan-
s tities listed below
Replace pipe plug in vertical screw base nut | P-50° Heavy, non=corro-
Sl ¢ with grease fitting.  Fill oil well with grease | JiG ll':.','s‘ir' Vischsity
I'wice a \.ear 9 Vertical screw gun. Once a day, run knee to bottom of | 950 to 1050 seconds Say-
Sce Note stroke to assure coating of oil on vertical | boltat 100¢ B, * (Such
¢ i as Sun Qil Co. E. P.
screw.  (Oil pot is in base) 'I'nli\lc Way Lubricant S,
A E.90.)
Depends on make y Front bearing is accessible when door on | Depends upon type
of motor and type Motor bearings rear of column is opened  Rear bearing is | of motor. Cup grease
] : J : L p grease
ol bg:anng con- accessible when louver on right hand side | for anti-friction and
_struction 7 SIS ! of column 1s removed E - oil for sleeve bearings
Quantities required Column | Knee *Note: [f power vertical feed i d N Ik hine i |
s Pt e pes = Note: rer vertical feed is used con- Note: Il the machine is operating continuously at the
Rg; ; 3:3 42 'l Ilg:‘ifg:‘\::: :;//4 ﬁg:: %:‘f '::{: tinuously, raise knee o top of stroke higher range of speeds, use a lighter oil (about 150 seconds
a2 o ()Junls Ii/l :uls once a day and apply specified lubricant vis ) in Station 10. If operated continuously at the lower
Noo' 3 and 4 Verticnl [ Z'/f; Sols to vertical screw with brush. range of speeds, use a heavier oil (about 273 seconds vis.)
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CINCINNATI DIAL TYPE MILLING MACHINE

e : .

REAR CONTROL FRONT CONTROL
POWER RAPID — F - HAND CcROSS — N —
TRAVERSE LEVER FEED HANDWHEEL
FEED DIAL — _ STARTING FRONT CONTROL
e B A LEVER POWER VERTICAL-\]
FEED LEVER
SPEED DIAL —C
FRONT CONTROL
POWER GCROSS - K 7
REAR CONTROL FEED LEVER ‘
SPEED-FEED —
CHANGE LEVER I
1
i :
|
//
FRONT CONTROL
|_-HAND VERTICAL
FEED CRANK
- FRONT CONTROL
TABLE HAND _ ' —~R - Power TaBLE
FEED CRANK FEED LEVER
REAR CONTROL FRONT CONTROL
POWER TABLE -G - (O - sPEED-FEED
FEED LEVER CHAKGE LEVER
REAR CONTROL | L REAR CONTROL
HAND CROSS - (- - POWER CROSS
FEED CRANK FEED LEVER
REAR CONTROL REAR CONTROL
o ARV
3 PO%ER VERTICAL =T — ~H - HanD VERTICAL
FEED LEVER FEED

Figure 8
Front View of Plain Dial Type Milling Machine
Showing Operating Levers
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OPERATING INSTRUCTIONS

OPERATING INSTRUCTIONS

(Refer to Figures 8, 9 and 10 for these Instructions)

Starting the Machine. Place the cross, vertical, and table feed levers
("K', "M and "R", respectively) in their neutral or stop positions. (FFig.
10). Start the motor. Note—The hinged belt guard cover at the rear of
the machine must be closed and latched before the push-button will start
the motor. Push up starting lever “A™ to start the rotation of the spindle.
An automatic spindle brake is thrown into engagement when lever “A" is
pulled down to stop the spindle.

Changing Spindle Speeds. Start the motor. With starting lever “A™ in
the stop position and the spindle stauonary move speed- feed control lever
“O" to "SPEED". Note that dial "C" is now rotating When the speed
desired, shown on dlal "C", registers with the arrow, release the control lever.
Now pause a second or two and then push up starting lever "A™. The
spindle will rotate at the speed indicated by the dial and arrow. The short
pause mentioned previously gives the gears time to fully engage, and
thereby prevents clashing of the teeth

SPINDLE SPEEDS (r. p. m.)—HIGH SPEED MACHINES
Nos. 182/ 2(J|75[3"[3‘)[ 47| 59 74[ 921 I-l N“ 178/2202701333 1414515035 7‘?{) L)/()’17()0 1500

Nos 38&4/1 ﬂ|27|’7l34 410 511 63 7\| 07 122115211881230.280613571445 550 075/840 l(H’ﬂ]]ﬂ()

SPINDLE SPEEDS (r. p. m. |~MEDIUM SPEED MACHINES
Nos Tand 2 | | 20] 26] 32| 40[ 47) 60 | 74 | 92 | TIG] 41| 179 222] 262 331] 414 500
; ' 3 |7

27

33| 40; 51 | 03 | 78 | 00] 123 1>|J |.~.7l 223] 281/ 350/ 450

Nos. 3 and 4 | 18] 22

When working from the rear of the machine, the speed and feed index dials
are controlled by lever "D"". Note that control levers "D and O™ are
provided with safety pins to prevent them from being moved accidentally.
On long run jobs, change speeds one [ull rotation of chal each day.

Hand Table Feed. Ballcrank ", Fig. 8, is for moving the table by hand
when the power feed is disengaged. When the crank is rotated one turn in a
clockwise direction the table moves to the right 14 inch. The dial is gradu-
ated into 250 equal spaces, which is equivalent to .001” movement of the
table for each space. All micrometer dials may be reset by merely pulling
them out against a light spring pressure, and rotating them to the desired

marking.

Hand Cross Feed. Hand wheel * . Fig. 8, is for moving the saddle by
hand across the top of the knee w hcn W orl\mrr from the front of the machme
while crank "G’ is for moving the saddle by hand when working from the
rear. The crank is interchangeable from "G to "H™. One clockwise turn
of the handwheel or crank moves the saddle / inch towards the column.
The dial is graduated into 250 spaces, which is equivalent to .001” move-
ment of the saddle for each space.

i [B8
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Hand Vertical Feed. Crank "L", Figs. 8 and 9, is for moving the knee
up or down when working from the front of the machine, while crank "H"
is for moving the knee when working from the rear. One clockwise turn of
either of these cranks moves the knee up |, inch. The dial is graduated

into 100 equal spaces, which is equivalent to .001” movement of the knee
for each space.

Power Table Feed Levers ‘R’ and “‘S”. Lever "R" is for engaging the
power table feeds from the front of the machine, while lever "S" is for
engaging the table feeds from the rear. They are both directional controls,
that is, the table moves in the direction in which you move the lever.

Be certain to loosen the table clamping screws, [Fig 17, page 31, before
engaging the power feed; and it 1s also advisable to tighten the saddle and
knee clamping levers if using the table feed alone

Power Cross Feed Levers *‘J"" and “K". Lever "K' s for engaging the
power cross feeds from the front of the machine, while lever ] is for
engaging the cross feed from the rear. They are both directional control
levers; that is, the saddle moves in the direction in which you move the
lever.

Loosen the saddle clamping lever, Iig. 16, page 30, belore engaging the
power cross [ced; and it is also advisable to tighten the table clamping screws
and knece clamping lever if using the cross feed alone

FRONT
GONTROL
|J —Power raPiD
TRAVERSE
LEVER

FEED
Y — SERIES
LEVER

Figure 9
Right Hand View of Knee
Lever “*Y" is on High Speed Machines Only
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OPERATING INSTRUCTIONS

@{_._- T e e = — 3@
NEUTRAL
FEED LEFT - |  FEED RIGHT
| L ——————
FEED IN| =
NEUTRAL| < |

FEED UP!; ——{

NEUTRAL| —»—(p
FEED DOWN| —pm{T%"

| RAPID
i TRAVERSE
NEUTRAL

| RAPID
- TRAVERSE
| ENGAGED

PC142

Figure 10
Engaged and Neutral Positions of Front Control Power Feed Levers

Power Vertical Feed Levers ‘M’ and *“T"". Lever "M is for engaging
the power vertical feed from the {ront of the machine, while lever " T, is
for engaging the vertical feed from the rear. They are both directional
control levers; that is, if pulled up, the knee moves up; and if pushed down,
the knee moves down.

Be certain to loosen the knee clamping lever, Fig. 16, before engaging the
power vertical feed,; and it is also advisable to tighten the table clamping
screws, [Fig. 17, and the saddle clamping lever, Fig. 16, if using this feed
alone.

Feeds. The method of changing the feed rates, described below, is similar
to the method of changing spindle speeds. If desired, any combination of
feed motions, such as cross and table, may be engaged at the same time.
The spindle must be running to obtain a feed movement. Reversing the
direction of rotation of the spindle (explained on page 30) does not affect
the direction of the feeds.

Changing Feeds. Start the motor. Starting lever “A™ and the three
feed engaging levers ("K', "M", and "R" Fig. 9) should be in their neutral
or stop positions, and the feeds SHOULD NOT be changed while any of
these levers are engaged. Move speed-feed control lever O™ to "FEED™.
Hold it in position until the feed desired, shown on dial "B", registers with
the arrow, then release the lever. The proper feed gears are now in mesh
to move the table at the feed rate indicated by the dial and arrow.
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Notice than an auxiliary feed change lever is available for obtaining high
feed rates on High Speed Machines This lever, Y™ in [Fig. 9, is located
on the right hand side of the knee. When the lever is engaged in the stop
at the left, the high series is engaged, and the feed rates are twice those
shown on the feed dial When engaged in the stop at the right, the low
series is engaged, and the feed rates correspond to those shown on the dial.

STANDARD [FEED RATES (Inches/Minute)
Medium Speed Machines (16 Feeds)
Dial "B" indicates the longitudinal and cross rates of travel. The verti-
cal rate is 8 the indicated feed.

L4

72

% ?-1{1 324 | 424

12412 “'

|

Cross Feeds

STANDARD FEED RATES (Inches Minute)
High Speed Machines (32 Feeds)
[Dial "B indicates the low feed series for the table and cross traverse.
The high feed series, which is twice the dial reading, is obtained by shift-
ing lever Y (Fig. 9) to the left. The vertical rate of traverse is .8 the
indicated feed with lever "Y"

in the position shown, and 1.6 when it is
shifted to the left.

Table and Cross I'eeds,

Low Series . ........ Yol 55| 34| 1 1135]1341214/234(35 ,’J-l-’,’; 5% i| 794 974[1234/1534(20
Table and Cross Fecds,
High Series. . ... 11401 a] 2 123413 5111151417 141004 11 L5} 151411934 24343034 40

Power Rapid Traverse. The power rapid traverse, controlled from the
front of the machine by the lever “U™ (Fig. 9) and from the rear of the
machine by lever "F" (Fig. 8), may be engaged at any time and for any
direction of travel with the spindle cither running or stationary. (Of
course, the motor must be running.) The feed lever which will give the

direction of travel desired must also be engaged at the same time that the
rapid traverse lever is engaged.

[For instance, suppose you want to use the vertical rapid traverse. Move
the vertical feed lever up or down, according to the direction of travel
d_csired, then hold the rapid traverse lever in its engaged position, (down).
The sequence of engaging the levers is an important consideration in long

life of th.c rapid traverse clutch—always engage the feed lever first, especially
when using the vertical rapid traverse.

— -[ 26 1 —
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Releasing the rapid traverse lever instantly changes the rate of travel
f[rom rapid traverse to feed in the same direction.

When the machine is equipped with the standard feed series (listed on page
20) rapid traverse for the longitudinal and cross movements is at the rate
of 100 inches a minute, and vertical at 80 inches a minute.

When the low feed series is engaged on High Speed machines (lever Y™,
Fig. 9, to the right) the rapid traverse rates are 50 inches a minute longi-
tudinal and cross, while the vertical rapid traverse is 40 inches a minute.
When the machine is equipped with the special low feed series, i.e. 14 of the
standard rates tabulated herein, then all rapid traverse rates are divided by 2

POWER FEED AND POWER RAPID TRAVERSE TO HEAD
VERTICAL MACHINES

I'he power feed and rapid traverse attachment for the head of the vertical
machines is a very handy device for tcol room work. It is much more
convenient than using the vertical travel of the knee [or work requiring a
short verucal feed, such as die making, end milling kevways, accurate
boring, ctc.

Refer to [Fig. 13 for the operating instructions given on the following page.

ADJUSTABLE CLUTCH
MICROMETER ENGAGING
SToP KNOB

HAND FEED RAPID HAND
HANDWHEEL ADJUSTMENT
CLAMPING
NUT CLAMPING LEVER —
FlgUFC 11 Fl‘TUT‘C 12
Standard Hand Feed to Vertical Head Left Hand Side of Vertical Head,

Showing Clamping Lever

S e R e
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Slow Hand Feed. IHand-wheel "Y"

With feed lever "X

lever Q" at the high side of the eccentric, trun hand wheel

F'YPE MILLING MACHINES

wise direction to move the head down

equivalent to a head movement of .05"

Rapid Hand Feed. Hand-
wheel "W is for the rapid move-
ment of the head by hand
With levers "X and "Q" in the
positions noted above, turn hand-
wheel "W in a clockwise direc-
tion to move the head up. One
turn of the hand-wheel moves
the head 6”.

Power Feed. The [eed is talien
directly from the feed box on
the side of the machine, through
a spur and bevel gear drive and
then through a worm and worm
wheel to the rack on the head

fie

is for the slow hand feed of the head.
in its neutral position (approximately horizontal) and

“Y" in a clock-
One turn of the hand-wheel is

The dial is graduated into 50 equal
spaces, which is equivalent to .001” for each space.

POWER FEED
TRIP DOGS

HAKD RAP.
FcLaMping W- TREVEH[D
NuY | HAKDWHEEL

R

Loosen nut “‘Z" (I“ig 13) and

the clamping lever on the left

hand side of the head before -

engaging the power feed or be- @lé —i

fore moving the head by hand. \\ “

The head of the high speed verti- T~~~ S

cals moves at a rate of approxi- HEND FEED ‘ -X- POWER FEED
HANDWRHEEL ENGAGING LLVER

mately .0 the dial reading, and
the head of the medium speed
verticals moves at a rate of .3

Figure 13

3 Vertical Head Arranged with Power Feed
the dial reading.
POWER FEEDS TO SLIDING VERTICAL HEADS
i ’ e o e e
*Feed Indicated by 3 ‘ I ‘ ‘
Feed Dial 15| % | %) 1) 135) 134| 214| gg,il 354 154 ',.s:,l 754 9741 534120
.l»_\]uu};xlg‘ecdamllmdl LT (VT I i i S G R ' o S i e
W = [F N gy sale
M‘fch"?::d | 3).375 to.b].s-al.ool 28i1 652 182 mli 154 585 93|7 139 28112
el o i I =
AMclunl Feeds l()“L.ld ‘ | [T "_H' 7_%: iy o I PO
d 1141 &5 7117 - |
Mgcll‘lh':rrlnesspec‘j 4| % | % '/1I Y| %6 | 1l 134 18y¢ '2,‘"~-.i I)T/l 33| 41550 635 (10

*Note—If the machi

ne has a speci
speed machines are s: pecial feed se

‘me as indicated on dial

=—=—[ 28 |—

ries of 14" to 10”, feeds to head on medium
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Lever ‘X" is a directional control lever for engaging the power feed to the
head. To engage the feed, start the machine, move lever "Q" to the high
side of the eccentric, and then move lever "X in the direction you want
the head to travel

Power Rapid Traverse. The power rapid traverse is controlled by feed
lever "X and the regular rapid traverse lever (Fig. 9) in front of the saddle.
Move the feed lever in the direction you want the head to move and then
hold the quick traverse lever in its engaged position. The rapid move-
ment of the head is at the rate of 44” a minute for the medium
speed machine and 31”7 a minute for the high speed machine. See para-
graph entitled “‘Four Position Turret Stop and Dial Indicator

Clamping the Head in Position. Nut “Z" 1s for clamping the head in
position. The lever on the left hand side of the head casting (FFi1g. 12) isa
quick acting clamp which i1s convenient when using the feed to the head.

Trip Dogs. Dogs "'P disengage the power feed by striking a small
plunger which is connected to lever "X Do not remove the stop screws
which limit the position for setting these dogs in an effort to obtain greater

travel to the head

Lever “*Q™ is for disengaging the worm
drive when it is necessary to move the head
with hand-wheel "W,

Four-Position Turret Stop and Dial
Indicator. The downward power rapid
traverse movement of the head should be
disengaged before the turret stop screw
contacts the plunger at the top of the
indicator bracket. [Failure to do so may
result in a wreck, as the head may “coast™
alter tripping the feed plunger. The turret
stop should be used as a feed trip only
After tripping, the head should be adjusted

to final position by hand while noting the

Figure 14
Four-position Turret Stop
and Dial Indicator

indicator reading
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SETTING UP THE MACHINE

(Refer to FFigs. 15, 10, 17 and 18)

Overarm, Supports and Braces. loosen nuts "B-B° and move the
overarm to the desired position by turning pilot wheel “A"". [l the cutter
chatters an excessive amount during the cut, it is advisable to use the
overarm braces to correct this fault

Clamping Devices for Sliding Units. Screws "', through intermediate
shoes, clamp the table in position when tightened. Tighten these screws
only when using the cross or vertical feed alone. Do not tighten them
when using the table feed, or the table gib will wear in the spots at
which the pressure from the screws 1s applied, and there is also much more
liability of the bearings “scoring” due to the bearing pressures being con-
centrated.

Lever "L" 1s for clamping the saddle in position when using the table or
vertical feed Do not tighten this lever when using the cross feed, as there
is danger of scoring the bearings in the same manner as described in the
preceding paragraph.

Clamp the knee in position when using the table or cross feed by tighten-
ing lever "I Do not tighten this lever when using the vertical feed, as
there is danger of scoring the column bearings

Reversing the Direction of Rotation of the Spindle. The direction of
rotation of the spindle must be the same as the "hand’ of the cutter; that
is, the rotation must be clockwise for a “'right hand™ cutter, and counter-
clockwise for a “left hand” cutter. The direction of rotation is controlled
by lever "C", as shown by the spindle reverse plate near it. Do not try to
move the reverse lever while the spindle is in motion.

Note that “"RIGHT" and “‘LEFT" on the spindle reverse plate indicates
the direction of rotation of the spindle when viewed from the rear of the

machine
TABLE
h = [ MPING
SPINDLE % ctAEng
REVERSE ~ (: -
LEVER f SADDLE
- ~L - cLampinG
" LEVER
KNEE
— GLAMPING
LEVER
E R i"g.Ul'Cif') 7 Figure 16
{ 100.,,3 “JS\I\ '.’Fg Spindle Reverse Lever Right Hand View of Knee of
l on Gear Shifter Bracket. Lever “C' is Medium Speed Machine

Locked in N(;utral Position When
Machine is Shipped
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BASIC SET-UP INSTRUCTIONS

__K_RAPID TRAVERSE
TRIP DOG

~ A PILOT WHEEL FOR TABLE
ADJUSTING OVERARM | rJ—FEED TRIP
[ DOG-LEFT
i
OVERARM
CLAMPING TABLE
BOLTS FEED TRIP -

l
= f

|
|
|
|
|
it
6

TABLE
| - |
- ~ H-cLampPinG
SGREW
VERTICAL FEED Ty _CROSS FEED
TRIP DOG TRIP DOG

Figure 17
Front View of No. 2 Dial Type Horizontal Miller
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RAPID TRAVERSE TRIP PLUNGER - £
POWER TABLE FEED LEVER - \

R

c-innn

-

)
> O = wol Vs

en f e

TABLE FEED TRIP DOGS )
= —— RAPID TRAVERSE TRIP D0GS"K"——— -

'——————————— TABLE POSITIVE STOP DOGS ————— S

Figure 18
Table Dogs, Plain and Vertical Machines.
Long Dog must be to the Left of the Table
Feed Lever, Short Dog to the Right

Trip Dogs. Dogs ") are for automatically stopping the table feed at the

end of the cut or at any desired point in the table travel, while dogs

(plain and vertical machines only) automatically trip the table rapid
traverse. Do not remove the stop dogs which limit the position for setting

the trip dogs These stop dogs are used as a safety measure to prevent

the

trip dog being set beyond the actual range of the table. If the job requires
a greater travel than the machine allows, it must be milled on a larger

machine with greater range.

Dogs "™ are for automatically stopping the cross feed at any desired point
in the cross travel. Safety dogs prevent them from being set beyond the

actual cross range of the machine.

Dogs "D’ are for automatically stopping the vertical feed at any desired
point in the vertical travel. Do not remove the stop screws which limit the

position for setting these dogs.

POWER TABLE FEED LEVER re-inas
1© }_ {Q=
L @ = B

|

|

|

| "N
‘~————TABLE FEED TRIP DOGS J
~—————TABLE POSITIVE STOP DOGS

., Figuie 19
Table Dogs—Universal Machines




BASIC SET-UP INSTRUCTIONS

Setting Up the Fixture and Cutters. Clamp the fixture in the center of
the table, or as near the center as operating conditions will permit, to avoid
as much as possible the excessive overhang of the table which causes wear
on the ends of the table gib and saddle bearings. If you are using a lathe
dog for holding the work, do not under any conditions use the T-slots of
the table for tightening the dog screw. When these T-slots become marred,
the work or fixture which is located from them will not line up properly,
with the result that a new table must be purchased or the old one re-planed
to obtain accurate work.

When using a cutter on an arbor, the cutter must fit accurately and the arbor
must run true between dead centers to obtain the best finish on the work
and freedom from chatter. The cutter must be a snug fit on the arbor for
the same reason. The ends of the spacing collar and arbor nut must be
perfectly clean before assembling, because dirt particles between the collars
will spring the arbor when the nut is tightened. Always use as short an
arbor as possible, and space the cutter as near to the spindle as operating

conditions will permit.

When placing a face mill on the spindle, the best method is to place the
mill on a block of wood resting on the table, and then raise the table until
the face mill will slip over the spindle nose without undue exertion. Tighten
each face mill screw a fraction of a turn until they are all tight.

Cast Iron and Steel Set-Ups. When milling a material which does not
require coolant, all strainers should be protected with the covers provided
for them to keep fine chips and particles of metal out of the coolant system.
If the machine is to be run with such a set-up for a long period of time, it is
advisable to pump the coolant out of the reservoir. However, do not run
the standard gear pump without coolant in the base, as the gears depend upon
the coolant for lubrication. The pump driving gear, visible when the door
on the rear of the column is opened, may be slid out of engagement with
the pump. (Fig. 32, page 45).

_}@
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Speed Calculator. The size and kind of
cutter, work material, cutting speed, and
cutter R.P.M. are all calibrated on the
calculator. By properly setting two discs,
yvou can quickly determine the correct cutter
speed.  Three factors must be known:

. Cutter diameter; for example, assume 3",
2. Cutter material; assume High Speed Steel
3. Work material; assume SALE-1045 steel

To set the calculator, proceed in the following
manner:

. Rotate the red disc until the cutter
diameter (3") registers with the small
arrow above the upper window

Figure 20

Setting the Spindle y ; : :
Speed Calculator material (High Speed Steel) in the lower

window.

(S

3. Now follow left and downward from the work material (SAE-1045 steel)
shown on the black disc, to read on the red scale the recommended
cutter R.P.M., which is about 80 to 97 R.P.M.

Choose the spindle speed available on the machine nearest to—or within—
this range, taking into consideration, of course, the hardness of the work
piece and the general conditions of the cut. In the case of the CINCIN-
NATI No. 2 High Speed Dial Type Milling Machine, for example, the
spindle speeds available in this neighborhood are 74 and 92 R.P.M., thus
where the cutting conditions are normal (as we may assume in the present
case), the 92 R.P M. speed should be selected, while if the work piece has
been given a hardening or toughening heat treatment, or conditions are
otherwise unfavorable, the next lower speed (74 R. P. M.) should be chosen.

The cutting speed or peripheral speed of the cutter for the recommended
R.P.M. may be found if desired by reading directly from the red scaleto
the black scale. Thus, for the above example, with the same setting as in
Fig. 20, opposite 92 R.P.M. will be found 72 feet per minute, while opposite
74 R.P.M. will be found 58 feet per minute.

jo

Rotate the black disc to bring the cutter.
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CUTTING FLUIDS

Several types of cutting fluids are available for milling operations, but only
two are considered here; (1) Cimcool, a product of The Cincinnati Milling
Machine Co. and (2) soluble oil, sold by most oil companies. Cimcool is
recommended because of certain outstanding advantages, particularly in
cleanliness and sterility, and absence of vapors, hot chips and slippery film.

Good results will be obtained by following the suggestions outlined in the
next three paragraphs

Cast iron. Ordinarily, cast iron may be milled dry. If the cutter is small
and the cut is relatively deep, as when T-slotting or rounding out keyways,
an air blast from the compressed air line will keep the cutter sufficiently
cool and will also clear out chips.

Brass, soft bronze, and aluminum—milled dry. [f the part deforms
from the heat of machining, or is too hot to handle, cutting fluids may be
used. Use one part of Cimcool or soluble oil to forty parts of water.

Steel, malleable iron, wrought iron, and hard bronze—A mixture of
one part of Cimcool in forty parts of water is suitable for most milling
operations, although a richer mix up to one part of Cimcool in twenty parts
of water may be used for hard steel. Soluble oil may be used in richness
varying {rom one part in ten parts of water for hard steel to one part in
forty parts of water for malleable iron.

[35]
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CLEANING THE COOLANT RESERVOIR AND
COOLANT STRAINER

The coolant reservoir in the base of the
machine should be cleaned out occasion-
ally to maintain the full capacity for cool-
ant; and to prevent grit from circulating
with the coolant and thereby wearing
out the pump gears too rapidly. Remove
the cover over the cleanout opening at
the side of the base, Fig. 21. With the
aid of a small scraper, similar to the soot
scraper for the old-fashioned coal range,
scrape out the sludge.

The coolant strainer should be cleaned
about once a week to assure a [ree flow
of coolant. Loosen the coupling next
to the pump and lift out the suction line
and strainer. Wash the strainer in
kerosene or naphtha, and blow it out

with an air hose.

COOLANT
| PUMP

SUPPLY |
KLIHE \

10| N | B
Q'?:Q:j%)_‘\n:u:r \
'y i VALVE \
i ;} ‘

|
1 \
| | OVERFLOW | |
| LINE 1
[ | SUCTION 1 '
St ull B LINE— __i_!
P 1|
H ik i
L___ercm s o R
CLEAN-OUT
OPENING
Figure 21
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Coolant Pump, Relief Valve,
and Strainer
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ADJUSTMENTS

D¢ Adjusting the Gibs. Two
SUARD., types of gibs, shown in Figs. 22

/ Z and 23, are used to take up the
wear between the sliding units.

lll[ll] The amount and method of ad-

\\\\\\\\\ justment, however, are about

// //;// . the same for each type. Adjust

&\W the gib inward (the screws have

Pc-108 right hand threads) and try the

Fi movement of the unit with the
“igure 22

Section Through Head Type Gib hand crank.
with Guard

When adjustment of the gibs is
necessary, they should never be

drawn up so tightly as to pro-

\\\ N \\ ] hibit free movement of the parti-
////,, // / cular L}l}it by means of the hand
// 7, // crank.Tight adjustment squeezes

__d_)___,,, N } out the oil film and causes scor-
| ottt

{0

ing and untimely wear. Clean
=N \Q\\\\X\\\ \\ the bearings of the sliding units

occasionally to avoid undue wear

PC-262 a
: on the ends of the gibs.
Figure 23
i ad : e
HEghad F-rrk;,:%ué?me“ess Be sure to retighten nut "C

when adjusting head type gibs.

Adjusting the Tension in the V-Belts
| Open the hinged cover on the rear of the machine. (Fig. 32, page 45)

2. Adjust the hinged motor base downward by loosening the lower nut
and tightening the top nut on the adjusting screw at the right. A good
general rule for proper tension: when struck with the hand, belts are
tight but springy.

3. Tighten the adjusting nuts securely.

4. A few words on the care of V-belts: Keep oil and grease away from
them. Never apply belt dressing. Be sure pulleys are in line; adjustable
motor rails are provided for this purpose.

Tublication No. M-875-4
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Adjusting the Driving Clutch. The clutch for these machines is self-
compensating within certain limits, thereby eliminating the necessity for
adjustment until the wear exceeds these limits. Nut "B", (Fig. 24), regu-
lates the allowance for the self-compensating effect, or wear; which is about
.020” when the clutch is new or after it is adjusted.

The position of nut “A" determines the force transmitted by the spring to
the clutch plates, and therefore determines the load which the clutch will
carry. Nut "A" is set by our assemblers to obtain the full capacity of the
spring; therefore it should not be moved within the life of the clutch.

Figure 24 :
Section Through Main Drive Clutch

e

To make the adjustment to insure proper clutch engagement, proceed as

follows:

I. Start the motor, fully engage the starting lever, stop the motor.

2. Open the door over the pulley bracket unit.

3. Remove the cotter pin through nut "B’

4 _l‘u'r.:) nut "B in a clockwise direction as far as it will go (touches nut
A”), then back it away about two notches.

5. Replace the cotter pin.

flhe clutch may be worn to such an extent that nut "B’ can not be turned
in a clockwise direction, as stated in step No. 4. If this condition exists,
do not try to force it; just back it away the required amount. If, after
making the adjustment, the spindle rotates slowly with the starting lever
in the stop position, nut "B" has been backed away too far, allowing the

}o
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clutch plates to contact with the clutch finger holder in the stop position.
When the clutch is properly adjusted, spring sleeve "C will move out
about .020” when the starting lever is pushed up.

Because of the hydraulic clutch engaging device, there is no longer the
“feel” of correct adjustment as present in a mechanical design. Therefore,
be sure the adjustment is made carefully and accurately. Any other pro-
cedure may ruin the clutch.

Adjusting the Rapid Traverse Clutch. If the rapid traverse clutch is
slipping, it must be adjusted before undue wear takes place. Proceed
in the following manner:

1. Remove the small brass cover
"D which is held to the feed
box by four 14" hex head cap
screws, Fig. 25. (These in-

structions are also engraved on <o
this cover).
——| A

2. Loosen screw A", : )

3. Pull out lock pin "B and turn ,‘r)
adjusting yoke “C" towards )
the plates. (The threads are 8[|—
right hand). = E

. / = — O

4. See that lock pin "B” is en- SN = = s _\\\ \

gaged in one of the holes. '

Tighten screw "A". Try pin Figure'25

"B to be sure that it moves Section Through Rapid Traverse
freely in and out of the locating Clutch

hole.

5. Replace cover "D".

Rapid Traverse Plunger Too High. Evidence of extreme wear of the
rapid traverse clutch may be evident in the amount the plunger extends
out of the saddle. (It moves in conjunction with the movement of the rapid
traverse lever). If this plunger is so high that the rapid traverse dog will
not clear, the clutch should be adjusted as explained in the preceding para-

graph.
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Adjusting the Table Feed Screw Bearings. The table feed screws of
these millers are provided with adjustable tapered roller bearings at each
end. When adjustment is necessary, adjust the right hand bearing only.

: i

..
i
¥
¥

LOCK SCREW
N ~ ADJUSTING NUT
|
- e )

Figure 26

Section Through Right Hand
End of Table Feed Screw
Mounting

L]

I. Remove the cone shaped cover over the end of the table feed screw at
the right hand end of the table.

2. Loosen the hex head screw through the adjusting nut, and tap the
screw and nut to loosen the lock shoe.

3. Tighten the adjusting nut with a face spanner wrench, and then back
away about 1/106 turn or less.

4. Re-tighten the hex head screw and replace the cover.

Turn the table feed ball-crank with the power feed disengaged and try to
determine by the “feel” whether the bearings have been adjusted correctly.
They should not be adjusted so tightly as to make it difficult to move the
table, but on the other hand, there should not be a noticeable amount of
“play” in the bearings. It is important, of course, to see that the table
gib is loose enough so that the table can be easily moved in order to differen-
tiate between a tight lead screw bearing and a fight gib bearing

When the “play™ is caused by a worn lead screw and nut, it is necessary to
. replace these parts in order to obtain accurate work.
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o
Adjusting the Cross Feed Screw Bearings.
1. Remove the screw at the end of the cross feed screw, and remove the
cross feed hand wheel (Fig. 27).
2. Remove the screw plug through the diameter of the cross feed dial.
ADJUSTING NUT >
rDIAL CLUTCH =~
SPRING :
7 T SPRING ~_GROSS FEED
/// 4]~ \RETAINER HANDWHEEL
0000
0 3\ DIAL
Figure 27 e | ,..u»;” Kz
Section Through Hand- e — =) Y —
wheel and Front Bearing —)— - ":__._E:t:’;?fi EiER
of Cross Feed Screw 1 ~
E]J 2 - GLUTCH
AN songw]] ’
o] PLUG
77 AsET scRew- | | 7
,,,r:/«y:/,, " 7 COLLAR P
P um ’/ /; 72 / 7

Turn the dial until a set screw is visible through the pipe plug hole.
Remove this screw.

4. Slip the dial, spring retainer and spring off the clutch.

Al

Knock out the taper pin through the clutch, remove the collar screw
from the oblong slot, and remove the clutch and collar.

0. Insert eye bolts into the two threaded holes in the dial clutch, and
..remove it by pulling straight out.

'J/;,'l he adjusting nut is now visible. However, before it can be adjusted,
two dog point locking screws must be removed. These screws, one on
top of the other, will be found in the knee casting near the dial.

8. With a face spanner wrench, adjust the bearing nut until tight, and
then back away one slot.

9. Replace the parts in the reverse order in which they were removed.
Turn the cross feed hand wheel with the power feed disengaged and try to

determine by the “feel” whether the bearings have been adjusted correctly,
as explained under "Adjusting the Lead Screw Bearings."

[41 ]

Publication No. M-875-6



| -

%/ LA LTA S L AL AT TS ;4*

0
G UIIHIIN, .
! LV ; : 0
O g H
Il SRl (1
I
7=t 27777 Gt
1 /// 7 < ; 7
8 1 .
/ L }/';/ /
Gyparr sttt rsrat T BT ///
PC-294 B
Figure 28

Section Through Spindle of Horizontal Machine

Adjusting the Spindle Bearings

8.

Shift the spindle reverse lever to its middle position.

Remove two keys in face of spindle. Clamp a rectangular rod, about
10 or 12 inches long, in the key slots.

Horizontal Machines
(Fig. 28).

Vertical machines—remove the small rectangular plate in front of the
vertical head.

remove pipe plug "B’ at the side of the column

Loosen hex head screw "C" and tap the socket wrench to loosen the
shoe in the locknut.

With the socket wrench in position, turn the spindle counter-clockwise
about a revolution and then clockwise until the bearings are drawn
up snug.  (Important—sce last paragraph on end play).

Re-tighten hex head screw “"C™ and remove the wrench.

Now rotate the spindle several times by hand to properly seat the
bearings.

Replace the pipe plug and remove the rod from the face of the spindle.

Adjustment of the front bearings only is sufficient in all cases and the rear
bearings should not require attention.

R ; 7"
Machines which are used for general purpose work should have about .001
end play in the spindle bearings, Machines for high speed work exclusively,
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such as those for high speed carbide milling, should have about 002" end
play in the spindle bearings. These readings are taken with the bearings
cold

This “end play” can be measured by indicating the end of the spindle nose
with a T(TLI)E indicator and lightly tapping the spindle from the front to the
rear and reading the indicator dial. The temperature of the spindle when
run continuously at its highest speed for four hours, should not exceed
145° [, when properly adjusted. Test the temperature with a thermometer
inserted into one of the screw holes in the spindle cap.

Speed Gears Fail to Shift. [l the speed gears do not shift, the difficulty
may usually be traced to dirt in the oil or a poor grade of oil, causing the
relief valve plunger to stick and hold the hall off its seat.

CLEAN-OUT
FOR RELIEF
VALVE

Figure 29
Gear Shifter Bracket

Ordinarily, this condition can be easily corrected by removing screw “A™,
Fig. 29, while the motor is stopped, and blowing a strong blast of air in the
hole. If this does not help, it may be necessary to adjust the pressure of
the oil pump in the column (see next page) or to remove the gear shifter
bracket. Instructions for removing this unit are given in “Service Manual
and Repair Parts Catalog for CINCINNATTI Dial Type Milling NMachines™,
a copy of which was sent with the machine. Only experienced maintenance
men should do this job.

— [ 43 |—— ‘h —
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Setting the Oil Pressure of Pump in Column. This adjustment should
not be required at any time, except perhaps to correct a previous mis-
adjustment.

TO GRAVITY FEED
RESCRVOIR

1. Remove screw plug “A",
Fig. 30, at bottom of gear
shifter bracket. Screw at
least a 500 Ib. hydraulic
gage in  this connection.
This is a 3{—16 R. H.
tapped hole and requires a
special fitting, or drill and
tap X" pipe thread through

PRESSUAL PUMP plug A" for gage.

YO GLAR SHFTER
e——BRACKET

iy 2. Pull overarm forward to
<h
A:E uncover plate on top of
column, FFig. 31. Remove
GEAR SAIFTER BRACKET
STRAINEA this plate.
. Figure 30 3. Remove first of two
Oil Pump and Piping in Column
34" hollow headless
set screws in the end
PLATE ON TOP .
OF COLUMN of starting lever

bushing at “B"", Fig.
31.

_____ X 4. Turn second screw
at "B’ in to increase

STARTING LEVER
BUSHING gage pressure. It

should be 290 Ibs. to

Figure 31 310 Ibs. Replace
Section Through Relief Valve and 2
Starting Lever Bushing locking screw.
= = 4]
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SAFETY PRECAUTIONS

SAFETY PRECAUTIONS

The table and vertical traverse dog slots are provided with stop dogs and
screws, respectively, which limit the position for setting the trip dogs. Do
not remove these stops or the trip dogs in an effort to obtain more travel, as
serious damage to the machine may result. If the job requires a greater
range than the safety stops and dogs allow, it must be milled on a machine
with greater table travel.

Safety dogs for the cross traverse are pinned in place, making it impossible
to exceed the cross traverse.

If the spidle speed decreases when the table starts to feed the work into
the cutter, the motor or clutch is at faulte. Have the motor inspected and
repaired, if necessary, by an experienced repair man. Then again note the
action of the spindle when cutting. If it still slows down a noticeable
amount, adjust the driving clutch as described on page 38 To avoid
possible damage to the clutch or motor, make these corrections as soon
as you notice the spindle speed decreasing under load.

T'he clutches on all hand cranks are provided with releasing devices to keep
them out of engagement while they are not in use. Do not remove the
device for the sake of keeping the crank in engagement, as it may result in
serious injury to yourself or some
other operator.

Do not try to reverse the direction
of rotation of the spindle while it is
in motion.

[f you should decide to inspect the
V-belts or the motor, and forget to
shut off the electric current at the
push-button station, the motor will
stop as soon as the hinged cover at
the rear of the machine is opened.
The contact switch just above the
latch bracket on the column, (indi-
cated by arrow, Fig. 32) compensates
for such an oversight by automa-
tically breaking the circuit. When
Figure 32 again starting the machine, it will be

Hinged Cover Open to Show Belt necessary, of course, to latch the

Tension Adjustment, Safety Switch  cover and push the startine
and Gear Driven Coolant Pump. P ting button.

&@
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DIVIDING HEAD

Cincinnati Dividing and Spiral Milling 'lcads are used extensively in
milling spiral and helical gears, constant velocity drum cams, etc. The
manner of transmitting motion to the spindle in the head is the same for
both types, but the construction of the main castings are entirely different
The Dividing Head 1s designed so that its spindle can be swiveled vertically,
while the spindle of the Spiral Milling Head is rigidly fixed in a one-picce
housing to provide an attachment suitable for heavy and continous helical
milling  Change gears arc the same for both types of heads and therefore
the tables and instructions in this booklet apply to both types, but the
driving mechanism units (Figure 37) are not interchangeable from one to the
other

The spindle of the Dividing Head is housed in a swivel block, allowing it to
be swiveled to any angle from 5° below the horizontal to 50° bevond the
vertical.  This arrangement permits bevel gears of any pitch angle to be
milled, and many other types of work requiring concentrically spaced slots
or holes at an angle to the center line of the work piece

I'he tailstock centers may be swiveled, and also raised or lowered, for
taper work. The center-bar is reversible, to bring cither the large or the
small center point into working position.

There are a few oil cups in the Dividing Head. Be sure to apply oil
periodically.

Figure 33
y Ad 1vicli i - : =
127 Dividing Head, Tailstock, Steadyrest and Driving Mechanism
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CENTER
ADJUSTMENT

INDEX
PLATE

SPINDLE
CLAMP

ECCENTRIC FOR
DISENGAGING WORM

DIVIDING HEAD

CENTER
LOCK

SWIVEL
LOCK

SLIDE LOCK
AND PIVOT SHAFT

SWIVEL BLOCK
CLAMPING BOLTS
(BOLT ON LEFT BEHIND CASTING)

CENTER

Figure 34
Rear View of the 10” Dividing Head and Tailstock

Because of the splined shaft drive, the Dividing Head headstock need not
be placed flush with the end of the table when set up with the driving
mechanism on the Nos. 3 and 4 machines. (See Fig. 33 for example). The
12" and 14" heads, on the No. 3 machines, may be connected to the driving
mechanism a maximum of 1014 from the end of the table. On the No. 4
machines, the 12" and 14" heads may be power driven while clamped as
much as 144" from the end of the table.

SPEC[FICAT!ONS FOR DIVIDING HEADS

|

i =T Nty
‘ Actual Taper Sgsr‘:g Overall h.\dﬁf’éé,fxﬁ'ﬁ Approx. Weight
Size ‘ vy |Hole in &0 | Length L T e
> wher in Vi 'lﬂ 3 -
_ Spindle Tailstock of Head St P el Tmlsmck
T | 107 104" |10B&S|  oBg” 1315" 107" 140 Tbs. | 39 Ibs.
Dividing Heads.| 12" { 1215" | 11 B&S 71’ | 151" 124" 225 Ibs. | 52 lbs
e ] aadrinpasl 73 | 501 13t |23 ks 55 dbs.
Ratio ... | 40 to 1 — L . MR ey B P
Holes Drilled One s:d(.— - 74 25, 28, 30, 34, 37, 38, 39, 41, 42, 43
Othcr <1dc~40 47 49,51, 53, 54, 57. 58, 59, 02, 66

in Index Plate. .
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The Sector. Index plates on all CINCINNATI Dividing Heads, Spiral
Milling Heads and similar equipment have a sector for convenience in
indexing. Fig. 35 shows the sector set for 220 divisions, which requires that,
for each division, the index pin move over a series of twelve holes (spaces)
in the 60-hole circle. The hole in which the index pointer rests, should not
be counted when setting the sector. This factor is sometimes the source
of a mistake in setting up dividing head work, and must not be overlooked.

After the sector is spaced
for the desired number of
e holes and tightened with
7 PLATE the lock screw, no further
counting of holes is neces-
oo sary. Merely withdraw the
SCREW index pin from the hole
next to the left hand arm of
the sector, relocate it in
the hole next to the right
hand arm, and then swivel
e the sector to again bring
the left hand arm against
the pin. The Dividing
Head spindle and work will
then have rotated 1/220
revolution (for the set-up
illustrated).

00000000000

Figure 35
Dividing Head Sector Set for 220 Divisions

Example: Suppose you want the proper setting for a 21-tooth gear. Con-
sulting the “Index Tables” you will find that for 21 divisions you must use
the 42 hole circle. Set the index plate so that the side which has the 42
hole circle faces the index pin. Set the pin in any hole in that circle and
space the sector for 38 spaces. Then for each of the 21 divisions, rotate the

index pin through one revolution of the crank, plus the spacing of the sector,
or 38 spaces.

Index Plate Stop. The index plate stop, Fig. 35, engages notches in the
index plate, preventing it from rotating. [f the Head is connected to the
driving mechanism for a spiral or helical milling job, the index plate, sector,
and crank rotate as a unit. For such a set-up, the stop must be disengaged
Jrom the plate. In other words, the stop should be engaged only when the
Dividing Head is not connected to the power drive, as when milling spur

] e [ 48]
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DIVIDING HEAD

gears, bolt heads, etc. The stop serves as a safety precaution in preventing
mistakes which would occur if the index plate itself were moved slightly
while indexing.

The index plate stop may also be used as a guide to accurately reset work
which has been removed from the Dividing Head for purposes of inspection.
FFirst reset the work in approximate relation with the cutter. Then with-
draw the index plate stop, and with the index pin engaged, rotate the
crank a sufficient amount to accurately position the work. Re-engage the
stop in the notches on the rim of the plate. Two inches of the circumfer-
ence of the plate is notched, and the notches have a pitch of .060”. There-
fore, a movement of one notch on the index plate is equivalent to 1—8—;?0 of a
revolution of the work.

Figure 36
Dividing Head Set-Up for Milling Helical Gears

Setting Up the Dividing Head and Driving Mechanism. The instruc-
tions outlined for this set-up should be followed in the order in which they
are listed.

. Clean the table of the milling machine and the bottom of the dividing
head and tailstock.

2. Clamp the dividing head headstock in the center slot of the table, in
a suitable position for the length of the work. (On No. 2 Machines only,
the rear of the headstock must be approximately flush with the right
hand end of the table).

— [
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10.

Test the dividing head spindle with a test bar and indicator to see
that it is parallel with the table.

Clamp the tailstock in the proper position, depending upon the length
of the work.

Line up the tailstock center with the headstock center.

Line up the cutter central with the dividing head or tailstock center.
Note.—When milling extremely steep helical angles, older Spiral
Milling Attachments on Nos. 3 and 4 Dial Type Millers require 1”
parallel blocks between the attachment housing and machine column
to bring the cutter out to the center of the work.

Lock the saddle in position.

Swing the table to the correct angle.  (Universal machine only.) If a
Spiral Milling Attachment 1s being used on a plain machine, swing it
to the correct angle

Lock the housing in position. (Universal machine only.)

Withdraw the index plate stop (FFig 35). The index plate must be
free to revolve with the index pin. Note—The stop engaging the
notches in the rim of the index plate should be engaged only when the
Dividing Head is used without the driving mechanism

Figure 37
Dividing Head Driving Mechanism
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DIVIDING HEAD

11. Set up the change gears.
12.  Set the index plate and sector for the proper spacing.

3. Oil the dividing head and change gears thoroughly.

Note a: With the Driving Mechanism connected to the Dividing Head, especially when
the Head is equipped with a Wide Range Divider, (page 58) we do not recommend the use
of the power rapid traverse to the table.

Note b: Be sure to sct the table stop dog to the left of the arrow. See instructions “'Setting
Up the Driving Mechanism the First Time", page 80.

How to Select the Proper Change Gears. Suppose you want to cut a
helix of 154" lead. Consult the "Table of Leads™ and find the lead which
is nearest 151{—in this case 15.256. The change gears for this lead, 51, 18,
21 and 39, may be used, because the lead obtained is close enough to the
lead desired for practical purposes.

You will notice that gear "C' is not listed for some leads. In such cases
only one intermediate gear (B) is required, and a collar replaces gear"C".

Setting Up the Change Gear Segment. Remove the cone-shaped cover
on the apron at the right-hand end of the table (FFig. 26, page 40). Then
place the change gear segment on the apron, screw half-nuts on the two
studs, and tighten them sccurely. Place the change gears in the positions
indicated for the desired lead, being careful not to get gears B and C inter-
changed. The “hand" of the lead is fixed by gears X and Y, as shown in
the table below.

After the set-up has been completed, move the table by means of the hand
feed crank, to be sure that the entire mechanism operates freely, before
engaging the power feed. Remove the hand crank and keep the cover
closed while the machine is in operation.

jo

Right-Hand Left-Hand
Helix Helix
Dividing Head Remove gear Y Gears X and Y, as
Reverse gear X shown in Fig. 37
iy 12" and 16" Gears X and Y, as Remove geas Y
Spiral Head shown in Fig. 37 Reverse gear X

[s1]
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Calculating the Change Gears Required for a Given Lead. Many
leads can be obtained other than those listed in the table. They were
omitted because the difference was too small for ordinary requirements,
but if you do not find a lead in the table which is close enough to meet your
needs, the following formula will enable vou to calculate all the possibilities.

O

Lead Dxivcn _ Ax

10 Drivers BxD
Suppose you want a lead of 35.789",

B0 3 g LiBt L
0 27 x 19

Gear A = 51 Teeth Gear C = 306 Teeth

Gear B = 27 Teeth Gear D = 19 Teeth
Standard change gears furnished with enclosed driving mechanism:

1 — 17 teeth 2 — 24 teeth

1 — I8 teeth | — 27 teeth | — 45 teeth

I — 19 teeth I — 30 teeth | — 48 teeth

I — 20 teeth 1 — 33 teeth I — 51 teeth

1 — 21 teeth 1 — 36 teeth 1 — 55 teeth

1 — 22 teeth 1 — 39 teeth I — 60 teeth

A few gear combinations can not be used (and, consequently, are not tabu-
lated) because of interferences. [For example, lead 36.090, gears 48-19-30-21.

Emergency Conversion to Short Leads. With the standard driving
mechanism illustrated in Figure 37, leads lower than those listed in the
tables, pages 100 to 1106, can be obtained, using hand feed only (rotating the
index crank at the side of the head). To change the gearing for low leads,
remove gear "D, A 34 tooth gear is now exposed, meshing with the 34
tooth gear on the lead screw (directly below gear “D™"). Remove these two
34 tooth gears, and replace them with the standard 51 teoth change gear
on the lead screw and the standard 17 tooth change gear on the stud for
gear "D, Instead of a | to 1 ratio, we now have a speed-up of 3 to 1.
Leads for the change gear combinations listed are now divided by 3.
Caution: Some of the change gear combinations are not obtainable because
of interference with the segment.

This set-up should be used only for occasional Jjobs. Il leads shorter than
24" are cut often, we recommend the Long and Short Lead Attachment.
Of course, this attachment can be installed only at our factory, as extra
parts must be assembled into the saddle of the machine.
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Leads Near the Low Range. When cutting leads within the low range
of the Dividing Head driving mechanism, certain precautions should be
observed. If, for example, the gears are set up for a 10" lead, the ratio of
the change gears is | to |, and the table feed (lead) screw rotates 40 revolu-
tions to one revolution of the dividing head spindle.

For leads greater than 10”, the dividing head spindle runs slower in relation
to the speed of the lead screw. Example: 20" lead, table feed screw
rotates 80 revolutions, while the dividing head spindle rotates one revolu-
tion. This requires a change gear set-up which reduces the speed from the
lead screw to the dividing head, resulting in a mechanical advantage in
transmitting power.

FFor leads shorter than 10”, the dividing head spindle runs faster in relation
to the speed of the lead screw. Example: 35" lead, table feed screw rotates
20 revolutions, while the dividing head spindle rotates one revolution.
The change gear set-up for these low leads increases the speed from the lead
screw to the dividing head, resulting in a mechanical disadvantage in
transmitting power. The slow speed of the lead screw causes a “wind-up™,
which may produce a slightly jerky motion when milling short leads on
large diameters of work. Therefore, conditions should be as nearly correct
as possible when cutting short leads, particularly those from 214" to 5".
These conditions may be summarized in a few words. (a) the table gib
should be correctly adjusted (not too tight), (b) the change gears should
have a slight amount of back-lash, (¢) the table ways and lead screw should
be well oiled, (d) the table feed screw should rotate freely. Also, it might
be noted that with a relatively high table feed, say 334" per minute, a
greater proportion of power is available at the dividing head.

When all contributing factors are correct, the machine will pull a reasonable
cut with a set-up for the lowest lead of 214*. If the cut should be unneces-
sarily heavy, then it is advisable to feed by hand. This may be done by
allowing the table feed engaging lever to remain in neutral position and
driving the dividing head and table by hand through the index crank in
front of the index plate. With a short lead set-up hand feed is very easy,
as the mechanical advantage is then in favor of the operator.

[f leads lower than 5” must be cut often, we recommend our short lead
mechanism. (It may be applied to Universal machines only.) Then leads
as low as .010” may be cut by power.

Rapid Traverse and High Feed Rates. When the driving mechanism
is set up for low leads, do not engage the table rapid traverse, or use high
feed rates of 11" or 16" per minute. Such rapid rates of table traverse drive
the dividing head too fast, resulting in rapid wear or perhaps “freezing' of
the dividing head spindle in the block, as they are fitted very closely to
obtain accuracy in spacing.
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How to Calculate the Angle for Setting the Spiral Milling Attach-
ment. Suppose you want to mill a lead of 724" on a 3" diameter *work
piece. The angle for swiveling the attachment is not shown for this com-
bination, but it can be calculated very easily from the following formula:

3.1416 x diameter
lead

Tangent of angle =

3.1416 x 3
7.5

In the above example, Tan. angle = 1.2560

Angle = 5114° (See table, page 121.)

How to Calculate Indexing with the Side Plate. (Standard Dividing
Head). In case a particular circle of holes on the index plate becomes worn
through constant use, you may be able to use some other circle of holes and
get the same result, The following set of rules and example illustrate the
procedure to follow in obtaining the maximum number of settings for any
condition of indexing. Since the ratio between the worm and worm-wheel
in the Cincinnati Dividing Head is 40 to 1, then:

I. Divide 40 by the number of divisions required. The result gives the
number of turns or fraction of a turn of the index pointer.

2. If a fraction of a turn is required, the denominator (the lower part of
the fraction) represents the circle to use, while the numerator represents
the number of spaces in the circle over which the index pin must pass.

3. Reduce the fraction to its lowest terms, and multiply both parts of the
fraction by the same number until the denominator equals the number
of holes in any circle.

Standard Dividing Head Plate—Number of holes for indexing: 24, 25, 28,
30, 34, 37, 38, 39, 41, 42 and 43 on one side; 46, 47, 49, 51, 53, 54, 57, 58,
59, 62 and 66 on other side.

Example
Suppose you want to calculate all the indexing circles for 3 divisions

40 1 y .
3 =13 3 turns of the index pointer.

*Note: Use pitch diameter in calculating helix angle for helical and spiral gears, worms, etc.

o
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One-third of a turn could be obtained by rotating the index pin over
one space in a 3 division circle—(Rule 2). Since we do not have a 3 hole
circle, we must use one into which the number of holes can be evenly
divided by 3. For instance, 8 spaces in the 24 hole circle, (8/24 = 1/3), 10
spaces in the 30 hole circle (10/30 = 1/3), etc. One-third of a turn can be
obtained in any of the following circles:

—;— ; g = 28—4 or 8 spaces in the 24 hole circle.
_:[‘_:i;::% 14 v L o
Example
Suppose you want to calculate all the indexing circles for 56 divisions.
‘;——g = -;— of a turn of the index crank.

; i : = %g or 20 spaces in the 28 hole circle.
;§2=?—£ 30 & SR

”;i;:z};_f)“” v L e

Angular Indexing. Tables for angular indexing with the standard and
high number index plates are not tabulated in this book because they are
little used as compared to numerical
divisions. However, angular spac-

Circle | One Spaccr Circle |{One Space

ing can readily be calculated, 24 22" 30" 16 11" 44’
keeping in mind that one complete 25 23 47 11" 29"
turn of the index crank = 9°, one 28 19" 177 49 AL
space in the 30 hole circle = 18, 32 ]H)f, 5(3),, ;% }8, ?;“
and one space in the 54 hole circle 37 14" 36 54 T
= 10’. The tabulation at the right 38 14" 13" 57 9" 28"
shows the angular movement of the 20 =3 58 QO
Dividing Head spindle for a move- 41 13" 10" 59 9 O

4?2 Li=5i]2 g1
ment of the index crank of one ji }?t’ ;;” 62 8 43

space in the various hole circles.

| 66 | 8 11”

=[¥553]
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Plain Indexing with the
Front Plate. Direct in-
dexing is often used for
making the divisions listed
in the following table be-
cause it is faster than in-
dexing with the side plate
through the 40 to | worm
reduction. To change the
dividing head into plain
index centers, turn the
eccentric for disengaging
the worm (FFig. 38) through
half a turn. The worm is
then disengaged and index-
ing is accomplished by
turning thespindle by hand

CINCINNATI DIAL TYPE MILLING MACHINES

~CLAMPING STRAPS -
RSWIVEL BLOCHK

S

Tl | BN S}

1T

N
L_ECCENTRIC KADJUSTING ~—_oiL
FOR SCREWS

DISENGAGING
WORM

Figure 38
Section Through Dividing Head
Showing Worm

R

CHAMBER

PC-207

The front plate (Iig 39) is drilled with three circles of holes: 24, 30, and
36. It will index any number which divides evenly into any one of these

numbers of holes in a circle.

universal indexing through
the side plate, it is import-
ant that the front index
pin be locked in its “out”
position.

Indexing with the Front Plate
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Figure 39

Section Through Dividing Head

Showing Front Plate
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DING HEAD SPINDLE

Clamping the Dividing Head
Spindle in Place. The spindle
should be clamped in place (except
when milling helices) during heavy
cutting operations to relieve all strains
on the worm, worm-wheel, and index

pin.  (Fig. 40.) Screw A" forces
wedge "B’ into split ring “C", firmly
clamping the spindle in place. Be

sure to unclamp the spindle before
turning the index crank or engaging
the table feed while the head is set up
for milling helices

Adjusting the Dividing Head Worm.

i : PC-266
Figure 40
Section Through Dividing Head
Showing Spindle Clamp

Wear between the worm and

worm-wheel may be eliminated in the following manner:

1. See that the worm is engaged with the worm-wheel (Fig. 38).

2. Remove the back-lash from the worm by tightening the locknut on
the end of the worm shaft (Fig. 38).
3. Remove the cover from the bot-
tom of the swivel block (IFig. 41). == S
00 0
4. Release fillister head screws /,f/,//// < T e /////4
“A-A”, turn both set screws //.//',u'/-' SSSERNNN ////f///
B-B" the same amount in a 7 i
. . : g
counter-clockwise direction, and / ! i
then retighten screws "A-A". | ; { {_
e 2 Pc-2471 B A B COVER
5. Turn the dividing head spindle
by hand to see that it rotates Figure 41

freely with no evidence of back
lash, and then replace the cover.

Section Through Worm Adjustment

Publication No. M-875-6
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THE WIDE RANGE DIVIDER

The Wide Range Divider applied to a Cincinnati Universal Dividing Head
enables you to obtain divisions from 2 up to 400,000. It consists of large
index plate A", sector and crank "B", together with a small index plate
"C", and sector and crank "D, The mechanism is so arranged that
crank "D’ operates through reduction gearing of 100 to | ratio enclosed in
housing "G". The ratio between the
wormshaftand thespindlesis40to 1.

Set up for indexing in the con-
ventional manner. The divisions
given in the table (page 95) can be
obtained by utilizing crank "B”
only in combination with the
proper hole circle on the large
plate. (Large plate drilled on both
sides and contains 11 circles of holes
on each side). The index pin in
crank "B can be swiveled to any
hole circle. When indexing in this
conventional manner, the operation

- ; Figure 42
is exactly the same as it is on the Wide Range Divider
regular Cincinnati Dividing Heads.

How to use the Wide Range Divider. Any whole number of divisions,
up to and including 00, and hundreds of others, can be obtained with the
large plate only, and the setting may be read directly from the table, page
95. If the number of divisions required is not listed in the table, calculate
the setting in the following manner.

Set-up

*1. Divide 400,000 by the number of divisions desired, for example 67.
The result gives you a whole number quotient and a fraction——5970:,—2.

2

Adjust cranks "B and "D to the 100-hole circle on their respective
plates.

3. Set the sector on large index plate A" for 59 spaces on the 100-hole
circle, 59 being the first two whole numbers of the quotient obtained.

4. Set the sector on the small index plate "C™ for 70 spaces on the 100-hole
circle, 70 being the last two whole numbers of the quotient obtained.

"Note: Should the quoticnt be a five-digit number, the first number represents the number
of full turns of crank "B"., (No five-digit quotient appears when making divisions higher
than 40, and furthermore, calculations are unnecessary for any number less than 61.)




WIDE RANGE DIVIDER
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Operation

5. Index crank "B an amount equal to the sector setting, namely—59
spaces.

6. Then index crank D" an amount equal to the sector setting, namely—
70 spaces. (Both cranks are moved in the same direction.)

~3

Compensate for fraction
10/67 by adding one space
to the index movement of
the small crank "D at
intervals equal to the near-
est whole number obtained
by dividing 1| by 10 67.
The result of this division
is 7. Therefore, every
seventh division, index 71
spaces on the small plate
“C" instead of 70. In this
way you pick up the frac-
tional remainder, and the
maximum error is equal to
only .0000942” on a 12"
diameter circle (the move-

Figure 43

When indexing in the conventional manner 3
(divisions tabulated on page 95), index crank ment of one space in the

“B" may be changed to a different circle of 100-hole circle on the small
holes,.- as from “X" to “Y", by merely

loosening nut “F" plate.)

Angular Spaced Divisions. [If the divisions are spaced in degrees, min-
utes, and seconds, the procedure- in calculating the setting is very similar
to that outlined above, except that for sake of convenience, use the 54-hole
circle on both plates. Complete tables are listed on pages 98 and 99.

Using crank B on the large plate (Figs. 42 and 43):
(a) One complete turn is equivalent to 9 degrees.
(b) Six spaces in the 54-hole circle equals | degree.
() One space in the j4-hole circle equals 10 minutes.

Using crank D on the small plate:

(a) One complete turn of crank "D™ equals 5 minutes and 24 seconds
(b) Ten spaces in 54-hole circle equals | minute.
(¢) One space in 54-hole circle equals 6 seconds.

- — 59 |———
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Example. Indexing an Angle of 3 Degrees, 20 Minutes, 12 Seconds.

Set-up

1. Consulting the "Degree’ table on page 98, set the sector on index plate
“A" (Fig. 42) for 18 spaces on the 54-hole circle.

2. Consulting the "Fractions of a Degree’ table on page 99, set sector "G
on plate "C" for 40 spaces on the 54-hole circle.
Operation

I. Index large crank "B™ (Fig. 42) an amount equal to the sector setting,
namely 18 spaces.

(S8

Index small crank "D™ three turns (see table) plus the sector setting,
namely 40 spaces. (Both cranks are moved in the same direction.)

Adjusting the Index Pin on the Small Plate. The index pin in the
crank for the small plate is eccentric to provide a method of adjusting the
pin from the 100-hole to the 54-hole circle, and vice-versa. Merely loosen
screw L, (Fig. 44), rotate the pin to the desired circle of holes, and then
retighten the screw.

Reversing the Large Index Plate
(Wide Range Divider). If the set-
up requires the reversal of the large
index plate, the operation may be
accomplished in the following man-
ner:

I. Remove nut A" and the washer
behind it. (Fig. 44).

2. Slip differential unit "B off
the shaft.
3. Sector “"C" is now free and may
be removed.
4. Remove four screws "D, re-
verse the plate, and reassemble re-ro7
the parts. Figure 44
Section Through Differential
Mechanism




MILLING CAMS

— }a

MILLING CAMS

Rise and fall cams having a rela-
tively narrow face may be machined
by using the type of set-up indi-
cated in Figure 45. The cutter
may be supported in any type
of swiveling head, such as a
Universal Spiral Milling Attach-
ment or Heavy Vertical Attach-
ment. Almost any cam lead can
be machined, and by trying differ-
ent machine leads, the angle to
which the dividing head must be
set can be changed to suit condi-
tions. All you need in addition to
this instruction book is a table of
sine functions.

Lead of Cam

i MACHINE TABLE

Figure 45

Diagrammatic Sketch of Dividing
Head Set Up for Milling Cams

RE-JIY

Formula: —————— = Sine of Angle "D

[_ead of Table

Examples:

. Suppose you want to mill a cam having a .500” lead. Assume change
gears are set up for 2.5" table lead.

Lead of Cam )

Lead of Table 2.5

= .200; sine of angle "D".

"D = 11 degrees, 33 min.

2. Suppose you want to mill a lead of 6.005".

(a) Assume change gears are set up for 8” table lead

[ead of Cam < 6.005
Lead of Table 8

= .7506; Angle "D = 48 degrees, 39 min.

(b) Assume change gears are set up for 9.935" table lead, instead of

8" as in example 2a, then

6.005
9.935

= .6044; and Angle "D" = 37 degrees, 11 min.

Publication No. M-$73-6
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BACKLASH ELIMINATOR

There are two distinct methods of milling: (a) conventional, or up-mlllmg.
Fig. 46, and (b) climb or down-milling, Fig. 47. The forces created in
up-milling tend to lift the part up into the cutter and spring the cutter
down into the work. In down milling, the cutter has a tendency to spring
away from the work and at the same time, push the work down against
its supporting surface. In up-milling, the thickness of the chip increases

uniformly from zero at the bottom (beginning) of the cut to a maximum

9

=

.

—

£ R

PC-334
Figure 46 Figure 47
Conventional, or Up-Milling Climb, or Down-Milling

at the top of the cut, while in down-milling, the chip thickness decreases
uniformly from a maximum at the top (beginning) of the cut to zero at
the bottom (end) of the cut (Figs. 46-47). Although the majority of
milling operations can be done either way, down-milling produces the better
results on thin parts which are difficult to hold; exceptionally wide cuts;
or thin deep cuts as when sawing slots.

The backlash eliminator device, shown diagrammatically in Fig. 48, is
required for down-milling operations, and may be purchased at extra cost
with the machine. It is entirely within the saddle beneath the table, the
only indication being knob "G’ at the front of the saddle casting (Fig. 49).

When the machine is equipped with a backlash eliminator, either down-
milling or up-milling operations can be handled. During up-milling cuts or
when rapid traversing, the backlash eliminator is automatically released.
However, in down-milling, as soon as the cutter contacts the work, the
backlash between the nut and the lead screw is automatically taken up.

The following description applies specifically to the backlash eliminator
for plain and vertical machines, although the theory applies equally well
to universal machines. The device consists essentially of two nuts, "A"
and "B", freely mounted on the table lead screw. The crown teeth on
gear “"E" mesh with the gear teeth on nuts “A™ and "B"". Therefore, when
one nut rotates, the other nut will also rotate but in the opposite direction.
The spur gear teeth on gear "E mesh with rack "D,

e [ 62 ]V._——-T_r:-‘—:_-__%__



BACKLASH ELIMINATOR
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Figure 48
Backlash Eliminator for
Nos. 3 and 4 Universal
and all
Plain and Vertical Machines

D E PC-Gas

Spring "C", contained within sleeve “F', tends to push in rack "D,
rotating crown gear "E" and nuts “A™ and "B’ a sufficient amount to
eliminate the backlash. Threaded sleeve “F serves two purposes: (a) to
provide adjustment, and (b) to provide a stop for the outward movement
of the rack.

Operation of Backlash Eliminator (All machines except No. 2 Universal).
Suppose we consider in detail the table movement to the right. Actually,
the same discussion may be applied to either direction of travel. When the
lead screw (it has a right hand thread) rotates in the direction indicated in
the illustration, the table moves to the right. The resulting thrust and
friction on nut "B’ causes it to rotate in the same direction as the lead
screw, thereby rotating nut A’ in the opposite direction, which, in turn,
Pushes plunger "D’ out against sleeve “C’" and relieves the spring pressure.

If an up-milling cut is being taken or if the table is rapid traversed to the

right, obviouslv the reaction oninueHBRIS the same as explained above, and
: ion of nuts "A™ and "B""

no change will take place in the posit!

e [—————

—— e e .- — - o
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Figure 49
Front View of Saddle, Showing Backlash Engaging Knob

On the other hand, if the cutter is rotating with the [eed of the table, as 1:n
“"Down Milling”, as soon as the cutter engages the work, the thrust will
shift from nut "B to nut “A". The frictional torque between nut A
and the lead screw is thereby increased, and consequently, nuts “A" and
"B will rotate in the direction which will preload the ball bearings. This
action immediately eliminates the backlash between the screw and the nut.
As soon as the “Down Milling™ load is removed, nuts “A" and "B’ are
brought back to the initial conditions by the thrust of the table which now
acts on nut "B,

Adjusting the Backlash Eliminator (All machines except No. 2 Univer-
sal). There should be no need to adjust the backlash eliminator unless
previously mis-adjusted or dismantled. [ necessary to adjust the device
proceed in the following manner, with the machine stopped.

I, Adjust the table feed screw bearings, page 40.

2. Loosen set screw “R", Figure 49.

3. Remove cap "G", screw "H", lock screw “J", and nut "K', Fig. 48.

4. Push in rack "D”. While holding it in position, adjust sleeve “F
until tight against the shoulder of the rack, then back it away about
1Y% revolutions or slightly less.

5. Retighten screw "R,

6. Replace parts "K", "J", “H", and “G"".

Properly adjusted, rack "D should move out about 161" when the table

feed or rapicl traverse is engaged in either direction. This can be observed
by removing cap "G and engaging the table feed and rapid traverse levers.

Also, with the backlash device engaged, the table should move snugly with
the hand crank.

Ex’dgagin‘g and Disengaging the Backlash Eliminator (All machines
?’\C‘zpt.i\o-, 2 U”""C"S?l). To engage, turn knurled cap clockwise (right) as
ar as it will go; to disengage, turn cap counterclockwise (left).

e ::?:—QT:-_[ 64 1
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Figure 50

Backlash Eliminator for
No. 2 Universal Machines only

Backlash Eliminator (No. 2 Universal Machines). Because of basic
design characteristics, the backlash device for No. 2 Universal Machines is
slightly different than the one described in the preceding paragraphs. Note
that the rack operates on the right-hand rather than the left-hand side of
the crown gear. This results in movements exactly opposite to those of the
rack in plain machines.

Adjusting the Backlash Eliminator (No. 2 Universal Machines).

. Adjust the table feed screw bearings, page 40.

[§%)

Remove knurled cap "W, Figure 50.

3. Remove socket head screw X'

4. Tighten nut Y all the way, then back off about 114 revolutions.
5. Replace socket head screw to lock nut in place.
§)

Replace knurled cap.

Engaging and Disengaging the Backlash Eliminator (No. 2 Universal
Machines). Whether engaging or disengaging the backlash device, turn
knurled cap "W as far as it will go. To engage, turn knurled cap counter-
clockwise (left); to disengage, turn cap clockwise (right).

— e e
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ACCESSORIES AND ATTACHMENTS
ARBORS—*‘50"" Spindle Series

I

ot
- i 1] e i 0 e — G\
;2 __UI M e N

r

STYLE A

STYLE B

Figure 51—Conventional Milling Machine Arbors

Usabl -
Catalog | py; Length | Diameter Keyway v
Number iameter | Style of Cutter ofgeﬁrmg S Nz?xii
‘, Space 2ot Width | Depth
* 5 -7 ¢ #
*50511/32:5) ] A ﬁ {g None smgettt a0 oL TENAR
Sl L : B 12 None U iy ARTWA
50-1 AlS4l | A 18 DY s, ¥ | ATARB
50-1 Ba-4| 1 B 24 3. i ¥ | ARBEA
*50-114A12 14 A 12 N : ¥ | ARBec
S0-14A15 | 134 A 15 None 5 AR
S0-134A184] 134 A 18 205 b 5% | ARBRD
50-14B18-4| 134 B 18 214 i R
50-154B244| 14 B 24 25; X % | ONARE
50-114B184 114 B 18 21 3 BB S
50-114B24-4| 114 B 24 25 4 Y| FORRa
50-115B30-4| 115 B 30 214 1 % | ARBIY
50-114B36-4| 134 B 36 20z ot il o =S
502 B245| 2 B 24 254 4 S | ana
102 Bi0s| 2 B 30 2o ¥ ik | 2Ol
502 B365l 2 B . i
30 2% B | % | ARCOD

#**ncludes two suitable bushings for 23{” diameter bearing collars
g :

*Arbors 50-74A10, 50-1A12, 50-11{A12 require the use of arbor

(Catalog Number 50-M-01) when used on Nos. 3 and 4 M Sugrport Rustipei R

achines.

SHELL END MILL ARBORS—Style C

Catalog Diameter

R Stud '
Number Efg%ﬁiﬁi Diameter | Code Name I:H—’_:’—{‘}; (@’
50- 14C5% | 14—11s ) Ty
0 WCH | i £ SEMCO il
SO %C"//g 2%75"/3"3%-7-% ‘ {1 SHEPU Figure 52
58% %C% —aits 11//'1 EL{EQ{, Shell End Mill Arbor
502° Cg 516 5 SEMOR

Chrome ni -tre:
it all arors. Wrchohssre rmshed oo T A o) S s e
s ‘ith arbors 50-114C74, 50-114C 174 and 50-2C7
. {Cs, %4C14 an ]
ways Order Arbors by the Code Name and Catalog Nu/niber
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ACCESSORIES AND ATTACHMENTS

QUICK CHANGE COLLETS
(Include Draw-in Bolt)

QUICK CHANGE ADAPTER
Catalog No. NS-H5

Code Word—ADACO

Complete attachment consists of -
Nut, Slotted Key, Stop Lug.
Spanner Wrench, Screw for Slotted
Key, Ring, Four Screws, and
Socket Wrench.

Figure 53
With the Quick Change Adapter,
Cutters May be Changed in a
Few Seconds

QUICK CHANGE
SHELL END MILL ARBORS

Catalog Inside Code Catalog Diameter Range| Stud Code

Number Taper Name Number of End Mills |Diam.| Name
SONS—FEB 7| No. 7B. &S.| COQUI
SONS—FEB 9| No. 9B. & S.| COSEM 50- 1BFC3% |1 14—114 15 | ARABB
SONS—I'EB 10| No. 10 B. & S.| COSBE 50- 34FC35 1134—12 3{ | ARDUI
SONS—FEB 11| No. 11 B. & S.| COTTO 50-1 FClg204—24—23| | ARSHE
SONS—FEM 2| No. 2 Morse | CORIC 50-1 FCI5 13314 114 ARTT/’\
SONS—FEM 3| No. 3 Morse | COROB 50-115FC7% |4—44—5 114 | ARICK
SONS—FEM 4| No. 4 Morse | CODDE 50-2 FC%%|514—6 2 AREMI

STOP PIN——, ————RING
STOP LUG —

Ry
v,l,("/,/' A
7y <X
s

NN
S RN

SECTION A-B

KEY

QUICK CHANGE
GOLLET

———NUIT

A PC-1002

Figure 54

Section Through Quick Change Adapter

- s \
Instructions for Mounting Quick Change Adapter on Spmd_le Nose
NOte—Right~hand left-hand, and clockwise are referred to as when facing the spindle nose.

I Rotate the spindle until the driving keys line up parallel \vit}_'l the table.
Remove the right-hand key, and insert in its place Fhe special key ar.ld
stop lug, with the long end of the stop lug extending beyond the cir-

cumference of the spindle.

—[ 67|

(See sketch, Fig. 54))
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2. Assemble the nut on the ring by screwing these two parts together.
The rear face of the ring (with the 1” wide slots) should be approximately

flush with the rear face of the nut, and at the same time the key openings
in these two parts should match.

3. Place the ring and nut as assembled in step No. 2 on the face of the
machine spindle, with the stop pin directly below the stop lug. The
nut can now be turned from this position in a clockwise direction only.

4. Now fasten the assembly, as described in step No. 3, to the spindle
nose with the four hollow hexagon head screws-which are furnished
with the complete adapter. In order to accomplish this, turn the nut
as required so that the screws can be inserted.

A4l

The quick change adapter is now ready for use. The operations are as
follows:
a. Turn the adapter nut counter-clockwise until the stop pin hits
the stop lug.
b. Insert the quick change arbor or collet, as the case may be.
¢. Turn the nut clockwise and fasten with a spanner wrench.

QUICK CHANGE FACE MILL ARBOR

—— 23 —

FAEC OF WaC~nE
SFinD: =~

INDLE NOSE

Figure 55
Sketch of quick change face
mill arbor. For face mills 7
to 12”7 diameter.

Catalog No..... ... .50-5'3;FC
Code Name. . ....... ARFAC

COLLET ADAPTER
Reducing No. 50 to No. 40 Spindle Series

NO 40 TAPER
NO.50 TAPER - |

TO SHARP

- L.750™¢oRNERS

32

-1

Figure 56
Arbors and cutters having No. 40 series standard taper shanks
may be used on Dial Types with the above adapter.

?ut,Side Haper il - NG 50 Milling Machine Standard
nside Taper. ... .............. No. 40 Milling Machine Standard

Catalog No. 50-NS-40 Code Name — COAFD

== :‘:—,*[ 68 ] —




ACCESSORIES AND ATTACHMENTS
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HIGH NUMBER INDEXING ATTACHMENT

This attachment, shown in
Figure 57, consists of three
plates, drilled on both sides.
These plates are interchange-
able with the standard index
plate on the side of the head.
Those for the standard Divid-
ing Head may also be applied
to Spiral Milling Heads and
Figure 57 Gear Cutting Attachments.
High Number Indexing Attachment

High Number Index Plates
are also available for the Wide
Range Divider. These are recommended only where the compensating
feature is objectionable for numbers below 200.

The index table shown on pages 96-97, apply to the High Number Indexing
Attachment Plates tabulated below.

Number of Holes Drilled in Each Side of High Number Index Plates

For Standard Dividing Head

Part No. 10525 - | Part No. 10526 Part No. 10527
For Wide Range Divider
Part No. 113505 ’ Part No. 113506 ' Part No. 113507
Side A Side B SideC | SideD SideE | SideF
189 ' 199 197 193 191 187
177 183 181 179 175 173
171 169 167 163 161 159
147 157 153 151 149 143
129 141 139 137 133 | 131
117 127 123 121 119 | 113
99 111 109 107 103 101
S]] ‘ 97 93 89 87 83
69 | 81 79 77 73 71
48 67 460 44 42 38
30 36 34 32 26 28
e [ 69 I::::::: —
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COMPENSATING DCG AND DRIVER

The Compensating Dog and Driver, FFig. 38, may be used with CINCIN-
NATI Dividing Heads and Gear Cutting Heads. With these driving ele-
ments, greater accuracy will be obtained on taper work. The tail of the
dog has a close fitting roller, which, in turn, fits into the slot of the driver.
As the work is indexed, the roller slides on the tail of the dog a sufficient
amount to compensate for the varying difference in the distance from the
center of the work to the point of driving contact. The dog has a capacity

"

range from 14" to 234" diameter.

Figure 58
High Tailstock (Left) and Compensating Milling Machine Dog and Driver

HIGH TAILSTOCK

If the work has a steep angle taper and is relatively long, the High Tailstock
illustrated in Fig. 58 may be used to advantage. The bracket carrying the

center is graduated, and can be set at the same angle as the work.

Maximum distance, table to center point—| 15"

2

Minimum distance, table to center point—33}%

4
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ACCESSORIES AND ATTACHMENTS
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RAISING BLOCKS

Raising blocks, one of which is
illustrated in Fig. 59, may be
placed under the Dividing Head
to obtain an

and Tailstock

increase in range. These blocks
are flat, parallel, and of equal
height, (supplied only in matched
pairs) and give the head and

tailstock a substantial support

SPECIFICATIONS

Figure 59
Raising Block

| Tailstock Block

Headstock Block

|
Length Width | Length | Width
e
12%¢" 9" | 6% | o6k’
129" 9 | 6% 16kt

Size |IHeight of! Width
Head Blocks T-Slots
e —r
12° 214 3g"
14" 2" Be"
Angle Plates, illus-

trated in Fig. 60, are
convenient for many
types of set-ups in-
volving a Dividing
Head or small fixture
placed off-center or at
an angle to the table
T-slots. The T-slots
are standard size and
at right angles to each

Figure 60

other. Angle Plate
SPECIFICATIONS
Size Height of Width Working Size
Head Plate T-Slot Surface i Over All
127 215" %% 121" x 1234" 123" x 16%4"
14" 215" Bg" 128" x 1238 125" x 1635"

[ 71 | =—=———rs
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CHUCK

NMany Dividing Head jobs can
be more conveniently held in a
chuck than between centers.
To facilitate this class of work,
the 3-Jaw Universal Chuck,
illustrated in Fig. 61, may be
obtained. It has a threaded

lange for mounting it on the

spindle nose of the head.

Figure 61
Dividing Head Chuck

SPECIFICATIONS
Size-Head Size Ceraeiin Outside

Chuck Diameter Thread

| I 147 0 234" )
10 Dividing 6" } ousdegip | 614" | 2 —8thd
| i ais |
12" and 14" | 1
Dividing, ; 9 Ko 35" Qg | 214"—0 thd.
|
\
1

12 Spiral i
16" Spiral i 9" | Y4”to0314" A 334"—4 thd.

Mounting a Chuck on the Dividing Head. Before mounting a chuck
on the Dividing Head spindle, remove the front index plate, Fig. 39, page

56. This step is necessary to be sure that the chuck adapter has a square
fit on the spindle.
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ACCESSORIES AND ATTACHMENTS

SPIRAL MILLING HEAD
(and Gear Cutting Attachment)

The Spiral Milling Head is shown in Figure 62. When the bracket for
connecting the driving mechanism (shown at the extreme right) is omitted,
the head is known as the "Gear Cutting Attachment™. Of course, the type
of work-piece milled on the latter attachment is limited to those requiring

indexing only, such as spur gears. These heads are suitable for heavy and
continuous gear cutting.

The driving mechanism for the Spiral Milling Head is similar to, but not
exactly the same as the one for the Dividing Head, Figure 37, page 50. In
other words, driving mechanism brackets are not interchangeable between
Dividing Heads and Spiral Milling Heads.

All index and lead tables in this booklet apply to the Spiral Milling Head.
The index tables only (pages 95-97) apply to the Gear Cutting Attachment.

Figure 62
Spiral Milling Head

Specifications for Spiral Milling Heads and Gear
Cutting Attachments

Size of Head | Actual Swing Taper Hole in | Overall Length | Overall Length

Spindle | of Tailstock of Head
o " 13 | 1Bas | 934" | Lo
16” | 16147 | 12 B&S 938" 1635°
e — [ 73 J e ————
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UNIVERSAL SPIRAL MILLING ATTACHMENT

This attachment is used for helical milling in two cases:

I. If the machine is a plain | ' s e ——
miller, obviously the table :
can not be swiveled to bring _

the work piece to the cor-
rect helix angle with the
cutter. It then becomes
necessary to swivel the cut-
ter. This angular setting is
obtained by means of the
auxiliary Universal Spiral
Milling Attachment.  (Fig. \i
63). \

(S

The table of a universal
miller can not be swiveled
more than 45°.  [{ the helix
angle exceeds this range, the !
attachment at the right must
be used, since it allows the :;
cutter to be swiveled through

a complete circle

Figure 63
Universal Spiral Milling Attachment

S e -

The Universal Spiral
Milling Attachment |
may also be em-
ployed for a wide
variety of other
types of work, such
as vertical milling
with a shell end mill,
rounding out key-
ways, milling angu-
lar surfaces, etc. The
attachment spindle
runs at the same
speed as the ma-
chine spindle.

Figu-;e Aba
Universal Spiral Milling Attachment and Dividing Head Set
Up for Milling the Helical Gear Teeth on a Cam Shaft




ACCESSORIES AND ATTACHMENTS
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HIGH SPEED UNIVERSAL MILLING ATTACHMENTS

Two views of the High Speed Universal Milling Attachment are shown in
IFigs. 65 and 60. These attachments are for comparatively light work, and
are not suitable for face milling operations.

Specifications

Allachment spindle speed:

On Medium Speed Machines,
speed dial reading x 314
On High Speed Machines,
speed dial reading x 124

Swivel range:
Parellel to face of machine
column; 360°

Right angles to face of machine
column; 90°

Taper holes for culter:

Attachment spindle; No. 40
National Standard

Figure 65

y ; High Speed Universal
Quill spindle; No. 7 B. & S. i Milling Attachment

The standard attachment is shown in [f1ig. 63, while the attachment
equipped with quill device is shown in Fig. 60.

[f the attachment is equipped with a quill device, and it is desirable to
remove it so that cutters can be inserted in the attachment spindle, proceed
in the following manner:

I. Loosen the Allen head set screw in the periphery of hand quill feed
knob. Tap the screw lightly to loosen the lock shoe beneath it.

2. In the top end of the knob is an adjusting nut. With a spanner wrench,
remove this nut.

3. A slotted adjusting nut is now visible. Remove this nut and its lock
washer.

— = [ 75 |————rxr —
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CINCINNATI DIAL TYPE MILLING MACHINES ) }0

4. Grasp the cutter shank end of the quill and pull it down through the
attachment. Replace lock nut and washer, so that they will not be lost
To protect ball bearings, also replace lock nut in hand feed knob.

5. Through the body of the attachment, near the quill nut assembly, you
will find a set screw. Remove this set screw.
6. Screw the remainder of the quill device out of the body of the attach-

ment.

7. Now fit the dust cover in place, and lock it with the set screw.

oo

Assemble two driving keys in theZattachment spindle.

9. Remove the plate on the attach-
ment housing at the rear end of the

spindle. It is held in position with
four screws.

10. Drive draw-in bolt centering bush
into rear end of spindle.

1. Replace cap.

Lubrication. The Universal High
Speed Milling Attachment must be lub-
ricated daily while in use. In the grease
nipple for the lower spindle bearing,
use only medium sponge short fibre
grease, sodium soap base. (Same as for
stations 15 and 16 on vertical machines
—pages 20 and 21)

There are three

! . Figure 66
other grease nipples on the attachment High Speed Universal Mill_'u;lg
proper, and one oil button in the hand Attachment Equipped wit

Quill Device
quill feed knob, Periodically apply cup

grease and machine oil, respectively.




ACCESSORIES AND ATTACHMENTS

kﬁ e e e — ————————— — }a

MOTOR DRIVEN UNIVERSAL MILLING
OVERARM ATTACHMENT

The Motor Driven Universal Milling Overarm Attachment is illustrated in
Fig. 67. It is mounted on a special overarm, and driven by an individual
motor, leaving the machine spindle free and usable at any time. Rather
heavy cuts, including face mill-
ing operations, may be handled

with this attachment

Specifications
Altachment spindle speeds: AT 0 -
» c = c = X e
100, 130, 180, 245, 310, 435, i
580, 740, 1030. \ S

Swivel range

360° both directions.

Taper hole for cutters:

Attachment spindle, No. 50

National Standard Figure 67 o

5 . Motor Driven Universal Milling
Quill spindle (extra cost), No Overarm Attachment

7B &S.

This attachment may also be equipped with a hand feed quill device,
similar to the one illustrated in Fig. 66. If the attachment is so equipped,
and it becomes desirable to remove the device, proceed in the following
manner :

. Remove the cap on top of the housing. It is held in position by several
screws. Lift the cap and quill assembly through the top of the attach-
ment.

(§8]

A bushing and dust ring are furnished as extra parts. Assemble these
parts, and replace the cap.

3. From the bottom of the spindle, remove the adapter which is held to
it by screws.

The attachment is now ready to be used without the hand feed quill device.

=== .
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PLAIN AND SWIVEL VISES

The plain vise is illustrated in Fig.
08. With the exception of a swivel
S o plate under the body, swivel vises
are the same as plain vises. When

ordering a vise, give width of T-slot
— : in the table of the machine on which
Figure 68 it is to be used.
Plain Vise

SPECIFICATIONS FOR PLAIN AND SWIVEL VISES

= Overall Height | Net Weight, Lbs.
Size Depth Width Jaws | — o sight | Tieh Welght, Fbe,
Jaws ‘ Jaws | Open | Plain | Swivel | Plain | Swivel
No. 3 156 | ox* | a4° 414" o | 59 70
No. 5 214" 85g" | 7* | 514" 8" | 159 | 204

Figure 69
All-Steel Vise

The CINCINNATI All-Steel Vise very effectively and conveniently holds
heavy work, casily withstanding the most severe duty imposed on it by the
machine It can be set lengthwise or crosswise on the table. Screw holder
“HY, FFig. 69, and movable jaw “M™ can be quickly set to give approxi-

“mately the correct opening of the jaws. Plate "A" is hardened to withstand

the pressure from the clamping screw. There are four clamping lugs on
the solid jaw and one movable clamp "G, Jaw "M" can be swiveled, thus
adapting it to the irregularities in rough castings or forgings. The jaws
are serrated and hardened, assuring a firm grip on the work piece.

SPECIFICATIONS FOR ALL-STEEL VISE

Size Distance from Table Net Shipping Code
| to Top of Vise Jaws Weight Weight Word
10"x 10" x 27 | 4" | 80lbs. ‘ 110 Ibs. l BYVIS




ACCLSSORILS AND ATTACHMEN" IS

Figure 70
Toolmaker’s Universal Vise

Figure 71
Heavy Vertical Milling Attachment

OYERARM —

PILOT
WHEEL

ARBOR WITH
HELICAL GEAR

the helical driving gear, using the pilot wheel

turn attachment spindle with one hand.

TOOL MAKER'S UNIVERSAL
VISE
[For general tool room work. Can
be swiveled in vertical plane up to
and including 90 degrees—360 de-
grees in a horizontal plane. Maxi-
mum opening 314": depth of jaws
156": width of jaws 0614"; net
weight 75 pounds.

HEAVY VERTICAL
ATTACHMENT
Ideal for face milling where there
is not enough work to keep a Verti-
cal Milling Machine busy. Spindle
speeds same as machine.  Spindle
nose same as machine spindle nose.
Swivel range 90° total (45° either
wav from the vertical). Lubricate

with good grade of cup grease.

—— CRANE

_ HELICAL
GLARS

ATTACHMENT
SPINOLE

Figure 72
Mounting the Heavy Vertical Mxllmg Attachment on the Machine.

The attachment is clamped to the end of the overarm to facilitate sliding it into mesh with

Overarm clamps are loose. To mesh gears,

Y [
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ENCLOSED DRIVING MECHANISM

The standard Enclosed Driving
Mechansim, Fig. 73, may be
used on Plain and Vertical
Machines. If it is purchased for
machines already in use, the
table travel will be reduced by
about 34" when the mechanism
is set up. To avoid a possible
collision of the Driving Mechan-
ism housing with the handle of
the lubrication pump, the stop
dog must be set as indicated
below.

Setting Up the Driving Me-
chanism the First Time.
When a new Driving Mechanism
iIs set up on a used Plain or
Vertical Machine the first time,

Figure 73

Enclosed Driving Mechanism

run the table by hand to its extreme left position after the gear housing is in
place. Then set the trip dog to trip the feed just before the housing contacts

the oil pump handle (the housing of a universal machine).

on the table to the right of the

Mechanism.

Stamp an arrow

dog. Thereafter, when setting up a job
requiring the Driving Mechanism, set the stop dog to the left of the arrow.
An instrument plate containing this caution is supplied with the Driving

This procedure must also be followed the first time a new Circular Mulling
Attachment Driving Mechanism is set up on a used machine.

==[ 80 ]




SHORT AND LONG LEAD ATTACHMENT

SHORT AND LONG LEAD ATTACHMENT

May be obtained at extra cost
for Dial Type Universal only.
Complimentary parts must be
built into the
factory.
010" ro

than the usual number of change

machine at the
Has a lead range of
1000”, with no more
instructions

gears.  Complete

are contained in a secparate
booklet “Long and Short Lead
Attachment for CINCINNAT]I
Dial Type Milling Machines™, a
copy of which accompanies each
with  this

machine equipped

attachment.

Figure 74
Long and Short Lead Attachment for
Dial Type Milling Machines

MOTOR DRIVEN COOLANT PUMP

An outline drawing of the motor driven coolant pump for CINCINNATI

Dial Type Milling Machines is illustrated here.

on the machine (Model ER ma-
chines only). Because of its
independent control, this type of
pump is sometimes desirable
when it is necessary to use
coolant to wash chips from the
fixture or table while the machine

is stationary.

The pump is a centrifugal type,
mounted on the pad at the side
of the
directly to the coolant reservoir.
It is driven by a Y{ h. p. motor,
Included with the pump are the
motor,

base, and connected

manual starter, screws
for attaching the pump bracket
to the machine base, pipe fittings
and pipe.

It may easily be installed

e

PC-671

[ 81]

Figure 75
Motor Driven Coolant Pump
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RACK MILLING ATTACHMENT

In addition to cutting rack teeth, narrow slotting or side milling cutters
may be mounted on the Rack Milling Attachment spindle for milling
operations which can be more conveniently handled by using the machine
cross feed. A vise designed especially for long rectangular work is included
with the attachment.

TR
|

CINCT NATT

Figure 76
Rack Milling Attachment and Vise Mounted on Machine

SPECIFICATIONS
Size of attachment (diameter of cutter spindle) .. e et L [
Distance, face of column to center-line of attachment spmdle ....... 1014"
Distance, center of machine spindle to center of attachment spindle. . .34 "
Distance, center of spindle to bottom of attachment ............... 176"
Maximum diameter of cutters that can beused . . .................. 434"
Attachment spindle speed............... Same as Machine Spindle Speed
Overall length of cutters that can Beused. . . .o vtntiveen sunin e 134"
S P ST Tt RSP S el Rl DU e 420
EEE RO L s i S A - S RAHIP
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RACK INDEXING ATTACHMENT

This attachment, used chiefly in conjunction with the Rack Milling Attachment,
is connected to the feed screw at the end of the machine table. It consists of an
indexing and locking plate with change gears. Different combinations of gears
permit the machine table to be accurately moved in increments, corresponding to
the pitch of the rack, by making either a half turn or one complete turn of the plate.
For those combinations requiring one complete turn, provision is made to close
one of the slots, thus guarding against error.

LIST OF CHANGE GEARS: 128, 35, 42, 44, 49, 56, 63, 70, 77, 84, 88, 91, 98

Furnished with Rack Indexing and 105 teeth.
Attachment

TABLE FOR CUTTING RACKS

Rack Indexing Attachment with
hange Genrs

Diametral Pitch 415%61‘7 8 9!10;11‘12113%14%15 161820 22!24‘26 281’30‘32
Gear on Index Plate . .. ..... glgtggg ESA L:S— Eégg!—s—gi;b_;; ;S 88 L:é 88 ES_ 88 —gg 4:
GGt 55003 075891 80/ 77 45 5 5
Turns of Index Plate .. li ll ll AT A l]} 1 l‘ 11 li 1Bl ls] 14 'l’:';ilé-'l'"‘)

Circular Pitch 34 “/ml 5% V"-,! 15 %-,l %5 ; 34 ‘ 1 | S 135 | M1 VA | 3G ‘/r,;'/.' | ,‘.'g;l/fi;
Gear on Index Platc ....... | 84 | 77 70 | 03 | 56 98 | 56 | 84 | 56| 70 |56/ 84|56/ 42| 56|50 28|28
Gear on Crank Shaft ....... 28 | 28 i 28 | 28 [ 28 | 56 I 35 . 56 | 42 | 50 ‘49 4:3 70| 56| 84 QS" '5&' 56
Turns of Index Plate ..... .. 1 I’ [t T 1’ l, NEERIEE 1|1 I[]Iy_,'
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CINCINNATI DIAL TYPE MILLING MACHINES

CIRCULAR MILLING ATTACHMENTS

FEED TRIP STARTING FORK DRIVING
[ D0GS LEVEHW SHAFT] BRACKETW
Figure 78 (- | — = - >
20" Circular | = :
Milling
Attachment
Arranged
for Power
Feed
| |
HAND FEED | DRIVING | | sPLINED
CRANK SLEEVE SHAFT

Circular Milling Attachments are built in three sizes, 16", 20", and 24"
diameter tables. The 24" size is not recommended for use on Dial Type
Milling Machines. The attachment shown in the illustration, I"ig. 78, is a
20" size, equipped with power feed. Hand feed attachments are essentially
the same except that the driving bracket at the right-hand end of the milling
machine table is not supplied.

To set up the Circular Milling Attachment with power feed mechanism,
proceed in the following manner. Caution: Also sce instructions, ““Setting
Up Driving Mechanisms for the FFirst Time™, page 80.

I. Clean the milling machine table and the bottom of the circular milling
attachment.

2. Mount the attachment in the center slot of the table about midway
between the ends.

3. Remove the cone-shaped cover at the right-hand end of the table.

4. Remove the hexagon head screw from the end of the spline shaft bear-
ing in the power driving bracket. (Also remove the spline shaft if it has
been left in the driving bracket [rom previous use.)

5. Assemble the driving bracket to the right-hand end of the table with the
screws provided, and at the same time slip the driving sleeve from the
bracket over the fork shaft from the attachment (or vice-versa if the
shaft and sleeve are reversed)

6. Insert the splined shaft in its bearing and push it through until the
shoulder rests against the end of the bearing. The other end of the
shaft is then engaged in the driving gear. Try by hand to see that it
turns without binding.

7. Replace the hexagon head screw in the end of the spline shaft bearing
to keep the spline shaft in position.

8. The attachment is now ready to use, either with hand feed or power
feed rotary motion. IFor conventional circular milling, the machine
feed levers must be in neutral position (see page 25) and the machine
table should be locked in position with the table clamping screws
provided for this purpose. (See page 31). For milling scrolls or cams,
disregard these two requirements.




CIRCULAR MILLING ATTACHMENT

Starting and stopping the attachment should always be performed by

means of the lever at the rear of the attachment housing. This is labeled
“Starting Lever.

To obtain power rapid traverse to the circular table, engage the conven-

tional machine rapid traverse lever and then engage the attachment starting
lever.

The actual feed rate obtained with the circular milling attachment depends
upon two factors, one, diameter of work and two, table feed setting. For
example, if the machine feed dial indicates 354" per minute, you probably
will not be obtaining this feed rate on the work unless the diameter hap-
pens to be exactly right.

The tables on pages 88 and 89 list the actual feeds obtained, corresponding
to the indicated feed and the diameter of the work to be milled. The tables
should be used in this manner—Suppose you have a 20” attachment on
the machine with an 8” diameter work piece, and you desire to use a feed
of about 414" per minute. Under 8" diameter follow down the 20" column
until you come to 4.7 and then follow to the left and you will see that you
should set the table feed for 314" per minute.

Adjustment for the 20” and 24" Attachment. Cincinnati Circular
Milling Attachments are provided with means of adjustment for wear
between the worm and the worm-wheel.

. h . = CIRCULAR TABLE
Il this adjustment is necessary =

on the 20" and 24" sizes, proceed Q [
as follows:
N

I. Remove the hand crank and f;::u_r
micrometer dial. %

Take up the end play of the 5
worm by tightening the ad- \
justing nut. (The worm of

the 20" and 24" attachments [ 1
is provided with ball thrust A° B °C
bearings for absorbing the end Figure 79

thrust 'When making heavy Section Through Eccentric
cuts with power feed.) Adjusting Bush

to

3. Replace the micrometer dial and hand crank.
4. Loosen the two hex head screws “A-A"" from the bottom of the housing.
(Fig. 79)

Turn the eccentric bush "B’ until there is no play between the worm
and worm-wheel. (The sleeve "C'" and the worm-wheel are bolted to
the circular table and move as a unit in a straight line when the eccen-
tric bush "B" is turned.)

0. Retighten screws “A-A".

N

Do not malke the adjustment so tight as to prohibit free movement of the
circular table with the hand crank.

1o

[85]

Publlcation No. M-875-8



CINCINNATI DIAL TYPE MILLING MACHINES )

=== ——————— —_— ___—————_,_H}L_\

Adjustment for 16” Attachment. To adjust for wear between the worm
and worm-wheel of the 16” attachment proceed as [ollows:

1. Loosen screw "B" (Fig. 80).

2

Move lever "A™ to the left
beyond the upper pin hole,
fully engaging the worm
with the worm-wheel.

3. Tighten screw "B,

4. Loosen screw "C" and turn
lever "A" to the right until

—,

the pin falls into the upper
hole. C

N

Y

. Retighten screw “C

Do not make the adjustment so
tight as to prohibit free move-
ment of the circular table by
means ol the hand-w hecel

Figure 80

Worm Adjustment for

16”"Attachment

Circular gibs are provided to take up the wear between the circular table
and housing. To make this adjustment proceed as follows:

I. Remove the four set screws “A" from
the bottom of the housing. (Fig. 81))

2. Tighten each gib adjusting screw
"B the same amount until there is
no play in the table. Try table
rotation by hand after each screw
adjustment.

3. Replace set screws "A" Try table
rotation by hand Must rotate
smoothly.

The two 14" hexagon nuts located between
the four set screws are for clamping the
table in position.

The driving worm of the 16” attachment
may be entirely disengaged from the worm-
wheel by moving lever A" (Fig. 80) to the
right until the pin falls into the lower pin
hole. The table is then free to revolve
independently of the worm,

S —====[ 86 ]=

Figure 81

Gib Adjustment for
16 ¥ Attachment




CAM MILLING ATTACHMENT
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CAM MILLING ATTACHMENT

The Cam Milling Attach- —n v

ment is designed for hand BRACKET SPINDLE WEIGHT
feed milling of face cams
up to 16” diameter and
cylindrical cams up to 8”
diameter. Larger diameter
cylindrical cams can be cut
by using a raising block.
FFigure 81A shows the at-
tachment in position for
milling cylindrical cams.
[For milling face cams it is
only necessary to reset the
attachment spindle hous-

ing at right angles to the Figure 81A
e Cam Mlilling Attachment
table T-slots

SLIDE CAM BASE CABLE
rco2e9) ROLLER BRAGKET

The work spindle supplied is 2’ in diameter and 0" long, a plain cylindrical
shape. Since cams are more or less specialized items, it will be necessary
to make the work holding unit to suit the job. One wayv to accomplish
this is to remove the work spindle and turn it down to suit the inside diam-
cter of the work and master cam. While disassembled, it can be keywayed,
and drilled and tapped in the end for a clamping screw. Another methed
would be to remove the work spindle, cut off the projecting end, and bore
out the remainder for a No. 10 or 11 B. & S. taper. When this method is
employed, the spindle should be drilled for a %" or 2§” draw-in kolt.
With the work spindle arranged in this manner, it is a simple matter to
select proper arbors from your tool crib.

Note.—Always remove the worm bracket, at the top of the spindle hous-
ing, to prevent damage to the worm when removing the work spindle.

To set up this attachment, mount it centrally on the machine table and
clamp the base in the center tee-slot. Mount the cable bracket on the
right-hand end of the table. After mounting the master cam and the work
on the work spindle, attach the cable to the hook in the slide, pass the cable
over the cable bracket and attach the weight to the other end. The weight
acts to keep the master cam in engagement with the cam roller.

Since the slide is free to move, its longitudinal movement will be controlled
by the action of the master cam against the cam roller, as the work spindle
is rotated by means of the worm and worm wheel.

{o
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FEEDS OBTAINED ON CIRCULAR MILLING ATTACHMENT

o

CORRESPONDING TO INDICATED FEED AND DIAMETER OF WORK

SANIHOVIN ONITIIN ddAL TVIA TLYNNIDONIO

Dia. t 5
Work » 1* 2" 3’ 4" 52 6" 7 il 8
" Size T 207and ~20"and . (20"and 120*and 20" and 20" and , [20"and . |207and 3
Attach.» || 167 | 20" | 167 |T24" | 16" |'2ar | qer |T2ar | 1er |T2ar | 1er | 2a” | 16* | 247 | 16” | 24¢ | 16
13 056 | .084 A13 | 168 d70| 952 227 .336 284 420 L340 504 .397 | .588 454 .672 511 .
2 || o1 | [105| 142 | 21| 213 | 315| 284 | ‘42| 355 | .526| .426 | .631| 497 | .736| .567 | 841 .63 | .
é/; .085 ' 126 J70 | 262 .256 378 .341 .505 426 .631 .511 757 99(} .S§3 .681 | 1.01 766 | 1.
1 13 (168 226 | 3306 341 .o04 455 I 672 .o68 .S40 .681 [ 1.01 .795 | 1.18 ‘pr) 13! 1,92 1
14 J42 | .210 284 | 420 426 | .630 o068 | L840 710 | 1.05 .852 | 1.26 .994 | 1.47 Llé 1 Qb 1.27 1.
I 13g 156 | 231 312 | 463 469 | .694 625 ' .925 782 | 1.16 .038 | 1.39 1.09 1.62 1.25 1.81 1.40 2.
N 114 170 | .252 L340 | 504 511 755 .681 | 1.01 852 [ 1.26 1.02 1.51 1.19 1.76 1.306 2.02 1.53 2.
D 157 || 90| 201| 308| '3ss| 596 | .ss2| 796 [1.17 | 995 |1.47 [1.19 |1.76 [1.39 |2.06 | 1.5 |2.35 | 1.79 | 2.6
s D971 4 336 454 673 .681 | 1.01 908 | 1.34 1.13 1.68 1.36 2.02 1.59 2.35 1.82 2.69 2.04 3.0«
C 214 .241 357 482 JT14 724 | 1.07 L9656 1 1.43 1.21 1.78 1.45 2.14 1.69 2.50 1.93 2.86 2.17 3.
A 24 312 .462 625 924 938 |1 1.38 1.25 1.85 1.56 2.31 1.87 2.77 2.18 3.24 2.50 3.70 2.81 4.
T 3ls 398 588 95 ). 17 1.19 1.76 1.59 2.35 1.99 2.94 2.38 3.53 278 | 4.12 3.18 4.70 3.58 5.
E 334 412 .609 824 | 1.22 1.23 1.83 1.64 2.44 2.05 | 3.04 2.46 3 66 288 |4.26 3.29 4.87 3.70
D 414 483 714 965 | 1.43 1.44 2.14 1.93 2.86 2.41 3.57 2.89 | 4.28 3.37 “ 5.00 3.85 5.72 4 34
454 525 7771 1.05 1.55 1.57 | 233 | 2.10 |3.11 2.62 3.8 |3.15 | 4.66 | 3.67 | 543 | 4.20 | 6.21 4.72
T 515 624 024 [ 1.24 1.85 1.87 2.77 2.49 3.70 3.11 4.62 3.74 5.4 4.37 646 4.99 | 7.39 ";).GI
5% .653 .966 | 1.31 1.93 1.96 |2.90 [2.64 |38 |3.26 |4.83 |3.92 [5.79 |4.57 |676 |5.23 |7.73 | 5.87
A A 824 | 1.22 164 | 244 [2.47 |3.66 [3.20 |48 |4.12 |6.10 | 4.94 |[7.32 | 576 | 8.54 6.59 | 9.75 | 7.41
B
L 7% 866|128 [1.73 |2.56 | 2.60 |3.84 | 346 | 5.12 -1.3-3 9}_9 5.20 7.6§ 90@ [ §.96 (,':,93 10.2 7 S(_)
E 91 || 1.05 |[1.55 | 2.10 |3.10 [3.15 | 4.66 [4.20 6.22 | 5.25 | 7.77 | 630 |9.33 [7.35 |10.9 840 |12 .4 9.45
97%% 1.12 [1.66 |[2.24 |3.32 |3.36 |4.98 [448 | 6.64 5.60 | 830 |6.72 |9.96 |78 |11.6 8.96 [13.3 10.1
1115 1.30 1.93 | 2.61 3.8 [3.92 |58 [5.22 |7.74 |6.54 |9.67 | 7.84 |1158 [9.15 [13.5 10.4 15.4 11.7
F 123z |[1.40 | 2.08 | 2.81 | 4.16 |4 21 6.24 5.61 8.32 | 7.03 |10.4 S 43 1248 [ 9.84 4.5 112 [16.6 12.6
E 151 || 1.73 | 2.56 | 346 ‘5.12 519 768 | 692 102 |8.65 [12.8 |04 [153 [121 17.0 [13.8 |04 |15.6
| | |
g 15% || 174 |2.58 | 3.49 |56 |5.24 |7.74 |7.00 [10.3 |8.74 (120 |105 (155 [122 IS0 [13.9 (206 |[15.7
1934 || 2.24 | 3.32 | 4.42 } 6.64 | 6.62 [9.95 | 8.84 [13.2 11.0 16.6 13.2 (19.9 15 .4 123,‘.}’ 176 265 [19.8
20 |[297 |336 |450 |672 [6:81 1001 |9:09 134 [113 [168 [13%6 (202 [159 235 [IS.2 (269 |20.4
2434 || 2.81 4.16 | 5.63 b 8$.32 [ 8.45 [12.4 11.2 |16‘6 14.0 [20.8 16.9 249 19 6 29.1 22.4 33.2 |25.3
303 [/ 3.49 |5.16 |7.00 (103 10.4 15.5 13.9 ;‘20.6 174 25.8 (20.9 31.0 244 |36.2 27.9 il,3 31.4
40 4.54 | 6.72 | 9.09 i]3 4 13.6 (20.1 18.2 |26.8 |22.7 33.6 [27.2 40.4 |31.8 |47.0 364 [53.7 140.9




FEEDS OBTAINED ON CIRCULAR MILLING ATTACHMENT
CORRESPONDING TO INDICATED FEED AND DIAMETER OF WORK

S-CLR-IN CON uopnwaang

Dia.
Work » 10" " 12" 13" 14" 15* 16" 17 18" 19" 20"
Size 20" and 20" and 20”and 120”and 20" and 20" and 120"and|20"and| 20" and | 20”and| 20" and
Attach.»| 16” 24" 16" | 247 16" 24" 16" 24" 16" | 24" 16" | 24 16" , 24° 24" 24" 24" 24"
14 568! 840  .625 .924] .681] 1.01 .738) 1.09 795 1.17 833/ 1.26 909 134 1.43) 1.51| 1.59| 1.68
5% 710 1.05 781| 1.16 852 1.26 924 1.36 9904/ 1.47| 1.06 | 1.58| 1.13| 1.68| 1.79] 1.80| 1.99| 2.11
3 .852| 1.26 037 1.30] 1.02f 1.50f 1.11| 1.64| 1.39| 1.77| 1.28| 1.89( 1.36| 2.02| 2.14| 2.27| 2.4 2 .52
1 1.14 | 1.68| 1.25| 1.85| 1.36 | 2.02| 1.47 | 2.18| 1.59 | 2.35| 1.70 | 2.52( 1.81 | 268| 2.8 | 3.02| 3.19| 3.36
14 1.42 | 2.10( 1.56| 2.31| 1.70 | 2.52| 1.84| 2.73| 1.98| 2.94| 2.13| 3.14| 2.27| 3.36| 3.58| 3.78| 4.00| 4.2
T 134 1.56| 2.31| 1.72| 2.54| 1.87| 2.77| 2.32| 3.00| 2.18| 3.24| 2.34 | 3.46| 2.50 | 3.70| 3.927] 4.16 | 439 4.62
N . - .
p sl 1.70| 2.52| 1.87 | 2.771 2.04| 3.02| 2.21 | 8.28| 2.38| 3.53| 2.55 [ 378| 2.72| 4.04| 428 | 4.54| 4.79| 5.04
134 1.99 | 2.94( 2.18| 3.24| 2.38| 3.53| 2.58| 3.82| 2.78| 4.12| 298| 441 3.18| 4.70| 5.00| 5.20]| 5.59| 5.88
I o 2.27 | 3.36| 2.50| 3.70| 2.72| 4.04| 2.95| 4.37| 3.18| 4.71| 3.40| 5.05| 3.63| 5.38| 5.71| 6.05| 6.40| 6.73
€C 2% || 2.41f 3.57| 2.65| 3.92| 2.80| 4.28| 3.14| 4.64| 338| 500| 3.62| 5.35| 3.86| 571| 6.07| 6.42| 6.78| 7.14
A 2% || 312 462| 3.44| 5.08| 3.75| 554 406 600 437 647 469 6.04| 500| 740 7.86| S$.32| 8.78| 9.94
T 32| 3.98| 58 437 | 647| 476 | 706| 516 | 7.65| 556 | S.24| 596 | 883| 6.36| 9.41|10.0 |10.6 |11.1 |11.7
E as¢ll 4.12| 6.00| 452! 6.70| 4.94| 7.32| 5.53| 7.92 576 | 8.54| 6.17 | 9.14| 6.50| 9.74]10.3 [10.9 [ 11.5 | 12.1
D 44 483 7.14| 530 | 7.8 | 579 856| 6.26| 928| 6.75 | 10.0 7.24 | 10.7 771 | 114 | 12,1 |28 |33.5 | 14.3
45 1| 5.25| 7.77| 577 | 8.55| 6.30! 9.34| 6.82 10.1 7.35 | 10.9 7.8 | 11.6 S40 | 12.4 [ 132 |13.9 | 14.7 [ 15.5
T &% 6.25| 9.24| 6.86| 10.1 7.49 | 11.1 8.111(12.0 8741129 9.36 | 13.8 | 10.0 | 14.8 | 15.7 [ 16.6 | 17.5 | 18.4
A 5% || 6.53 | 9.66| 7.19 | 10.6 7.85 | 11.6 8.50 | 12.5 9.15| 13.5 0.80 | 14.5 | 10.4 | 15.5 | 16.4 |17.3 | 18.3 | 19.3
5 7% || 8.24 | 12.2 9.06 | 13.4 9.8 | 14.6 | 10.7 [15.8 |11.5 [17.1 [12.3 [ 183 |13.2 |19.5 | 20.7 | 21.9 |23.2 | 24.4
L 7%/ 8.66112.8 953 (141 (104 | 153 |[11.2 [16.6 |12.1 | 179 | 130 [19.2 | 138 |205 [21.8 |23.0 |24.3 |25.6
E 94| 105 155 | 11.6 | 17.1 1 12,6 |18.6 (13.6 |20.2 | 14.7 |21.7 [ 157 |23.3 | 168 | 248 |26.4 |27.9 |20.5 |31.0
9% |( 11.2 116.6 [12.3 | 18.3 | 13.4 1109 145 (21.6 | 157 |23.2 |16.8 |24.9 [17.9 | 26.6 |28.2 [ 29.8 |31.5 | 33.2
11V ([ 13.0 | 19.3 [146 (212 [15.6 | 232 |16.9 |251 | 183 1270 [196 /200 |20.8 {300 | 328 |348 |36.7 |386
F 12340 14.0 | 208 [154 [229 |16.8 |24.9 (182 |27.0 |19.7 |20.1 [21.1 |[31.2 | 224 |33.2 [353 [374 [30.5 | 41.6
E 151{ || 17.3 | 25.6 | 19.0 | 28.18 )| 20.8 |30.7 (225 |33.3 | 242 { 35.8 [25.9 | 384 [277 [41.0 | 436 | 46.2 | 48.7 | 51.2
ED: 15% (| 17.4 [ 25.8 | 19.2 | 284 [21.0 {309 |227 [33.5 [24.4 [36.1 | 262 |387 |27.9 [41.3 |43.9 | 46.4 | 49.0 | 51.6
103 || 22.4 |33.2 | 243 |364 | 265 |39.8 | 287 [43.1 [309 |46.4 [33.6 |49.7 [353 | 530 [56.4 |59.6 |63.0 | 66.4
20 22.7 |336 |25.0 |37.0 |27.2 |40.3 | 205 | 436 |31.8 |[47.0 [34.0 [504 [36.3 |637 [57.1 |60.5 | 63.9 |67.2
2434 || 28.1 | 41.6 | 30.9 [45.8 [33.7 [499 [36.5 |54.1 |39.3 |583 |42.2 |62.4 | 450 [666 |70.7 | 749 [79.0 | 83.2
30% | 34.9 [51.6 | 384 |[56.8 |41.9 |62.0 [455 [67.1 [48.9 |[72.4 |52.4 |775 |559 [826 |87.8 |93.0 |98.2 [103.2
40 45.4 | 67.2 [50.0 |73.9 [54.5 | 80.6 |59.0 |87.5 |63.6 |94.1 |[68.2 [100.9 | 72.7 |107.5 [114.2 [120.1 [127.9 |134.4
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CINCINNATI DIAL TYPE MILLING MACHINES

METHOD OF CALCULATING MACHINING TIME

The actual cutting time for milling any piece of work may be calculated
from the following formula
_L+A+0O

i

T = Actual Milling Time in Minutes.
L = Length of Cut in Inches.

A = Approach of Cutter in Inches.

O = Over-travel of Cutter in Inches.
F = Feed in Inches per Minute.

i

The approach of the cutter is the distance the table must move the work
into the cutter before full cutting depth or width is attained. (Dimension
A" in Figs. 82, 83 and 84.)

The over-travel of the cutter is the distance the table must travel in power
feed minus the total length of the cut. It is a safety factor to allow for
variations in the length of the work piece and in clamping.

The feed is the most important factor, but there are such wide variations in
feed depending upon the cutter, material, and the method of holding the
work that the judgment of the set up man or operator must be relied upon
to determine the correct feed. A discussion of feeds and speeds is contained
in our booklet “"Milling Machine Practice” a copy of which may be obtained
free of charge.

Example: Suppose a cast-iron bracket is to be milled on one side with an
end or face mill, under the following conditions of feed, length of cut, etc.
Calculate the actual cutting time.

I o S o S A I Sl M 8"
N iTal 4oy SR 2 e N T R e 4"
Diarneter 6 EOEEEE . . Liviuy s Sk st n e ve b o 5 6"
(S ver=trane | IRyt s e S e assume 14”
e mic B T fablet dJ Sothms SR witl, 11” per minute
Then L = 8”
A= 77" (Sec table entitled “"Approach of Cutter for End Mills and Face
O=Y" Mills”, page 92.)
F=11"
o Bt 5
And T = fj{lj—zﬁ) = .82 minutes.
Total time, floor to floor = .82 + Handling Time + Time to Clear Work

of Cutters.

}o

e [ 90 ]




CALCULATING MACHINING TIME

CUTTER

=
L L
Figure 82 Figure 83
Approach of Cutter for Face and Approach of Cutter for Slab Milling,
End Mills, with Center of Cutter Keywaying, Gear Cutting, Sawing,
Approximately in Line with Center etc.
of Work.

Example: Suppose a gang of five gear blanks are to be milled between the
centers of a Dividing Head, under the following conditions of feed,
depth of cut, etc. Calculate the actual cutting time.

Width of Gear Face. . co s s oo et i
Whole Depth of Tooth i o rige s B 270"
Diameter of CUtter. i oh oy N S 234"
OVEL-EIBVEL. o\ vn nis et i BTN assume 14"
e I e 65 £ 6 51 814" per minute

Then L =5" (Five gears, cach 1” wide.)
A = .79” (See table entitled "Approach of Cutter for Spiral Mills, Keyway

0= 14" Cutters, Saws, etc.”’, page 93.)
F - SVS”
And T per tooth = 2 +8’7;)2-'5-'125 = .73 minutes

Total time floor to floor:
_ (.73 x No. of teeth) + (indexing time for one tooth x No. of teeth — 1)
5

+ handling time + time to clear work of cutters.
5

= - [ o1]
Publlcation No. M-875-6
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CINCINNATI DIAL TYPE MILLING MACHINES
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Figure 84
Approach of Cutter for Face and End Mills.
with Center of Cutter Offset from Center of Work.

Example: If we have a part which requires a cut with an end mill or a
face mill, and the center-line of the work does not coincide with the center
of the cutter, Figure 84, the approach cannot be read directly from the table.
Assuming an extreme condition, suppose we have an 8” diameter face mill
taking a 214" width of cut, and that one edge of the work is 114” from the
periphery of the cutter (dimension "X in Figure 84), while the opposite
edge is 4” from the periphery (dimension "Y' = 114" + 214"). Then the
approach of the cutter is the difference between the approach for a 4” depth
ofcut and a 114" depth of cut. In the table entitled “"Approach of Cutter
for Spiral Mills, Keyway Cutters, Saws, etc.”, the approach for an 8” cutter
at a 4" depth is 4”, while at a 114" depth, it is 3.12”. The difference be-
tween 4” and 3.12" equals .88, the correct approach in this particular case

Approach of Cutter for End Mills and Face Mills
(Center ofEu_tfe_r Approximately in Line with Center of Work)

\ WIDTH OF CUT

Dia. | AT e,

of L e

IHIL S el e st kg | 7 g | ¢ " | aiEa]aies
| | ! | ‘

I 5 [Ea ,' |

1l | 192 :

2 1351, | ! el

215 | 105| .5 | e

3 9L 37|58 ! ' |

4 07| 27| 68 2. | ‘ ,

5 T T T ,

6 | .04) 18| 4 | 7701343 | | | !

7% | 041 .14] 32| 50| 06 (1.5 [2.63 : |

8 1 033 13| 29| 54 .88 |1.36 [2.07 |+

10| 0250 10| 23| .43 | 56 [1.00 [1.43 |2 282 |5

12 020 08 .19 | 35| 54| .8l 5 153 2.04|269)36 | 6

How to Read the Table: Follow down the column headed ""Dia. of Mill" until you come
to the diameter of cutter which you are using. Follow across to the right until vou come
to the column under the width of cut which the cutter is taking. The figure given is the
approach of the cutter

Example: 10” diameter face mill: 8” width of cut: approach of cutter is 2”.

IR Bl



CALCULATING MACHINING TIME
k‘:’{‘.’.':‘,‘, e — — — }@

Approach of Cutter for Spiral Mills, Keyway Cutters, Saws, Etc.

DEPTH OF CUT
Dia.
ol i 3 | 0 ‘
Mill g 06 | T u | | | 1 et 2t | o | e
114 272 .37 44 | .50 57 | .612
15 289 .41 49 | 56 | .65 71 75
134 32| 45| 54| &1l 2|9 82
2 35| 48| 58| .66 | .78 | .87 | .97 [1.00
2y 37| 52| .62 | .71 | .84 | 93 |1.06|1.12
214 39 | .54 66 | .75 | .89 {1.00 |1.15 |1.22
234 41 | .57 69 79 | .94 |1.06 |1.22 |1.32
3 43 60 | .73 83 | .99 |1.12 [1.30 |1.4]1 | 150
3y 45 63 76 | .87 (1. 04 1.17 [1.37 |1.50 | 1.62
3ls 46 | .65 79 | .91 |1.08 (1.22 |1.44 |1.58 | 1.73 |
3y 48 | 67 | 82| .93 (1.13 |1.28 (1.50 [1.66 | 1.84
4 49 | 70 | .85 97 |1.17 |1.32 |1.56 (1.73 | 1.94 | 2.00 I
1Y 511 72 87 |1.00 |1.21 |1.37 |1.62 (1.80 |2.03 |2.12 i
415 93 74 | 90 1 03 (1.24 (1 41 [1.67 |1.87 | 2.12 | 2.24 | i
434 94| .76 92 [1.06 (1 28 [1.46 [1.73 (1.93 | 2.21 | 2.35 it
5 56 [ .78 | .95 (1.09 |1 32 |1.50 {1.79 2.00 | 2.29 | 2.45 i
515 .58 | .82 [1.00 [1.14 {1.39 [1.58 [1.89 2.12 | 2.45 | 2.64 ’
6 ol 86 [1.04 |1 20 |1.45 [1.66 |1.98 |2 24 | 2.60 l 2.83 300
613 034{ 89 |1.09 |1.25 |1.51 |1.73 {2.08 |2.35 l 2.74 | 3.00 | 3.24
7 658 93 (1.13 |1.30 |1.58 |1.80 |2.17 {2.45 | 2 87 l 3.16 | 3.46
7% 68 .95 (1.17 |1.35 |1 63 |1.87 |2.25 [2.55 ' 3.00 | 3.32 | 3.67
8 71| .99 {1.21 [1.39 |1.69 |1.94 |2.33 |2.65 | 3.12 | 3.46 | 3.87 | 4.00
814 73 11,03 {1.25 |1 44 (1.74 12.00 |2.4] |2.74 4 3.24 | 3.61 | 4.06| 4.24
9 75 11.05 |1.28 |1.48 |1.80 [2.06 |2.49 [2.83 | 3.36 | 3.74 | 4.24 | 4.47
914 77 1.08 {1.32 1.52 |1 85 [2.12 |12.56 12.92 | 3.47 | 3.88 | 4.42 | 4.69
10 79 (1 11 |1.35 [1.56 |1.90 |2.18 (2.63 {3.00 | 3.57 | 4.00 | 4.58 | 4.90
1013 81 (114 {1 .39 |1.60 |1.95 (2.24 {12.71 |3.08 I 3.67 1 4.12 |1 4.75 5.10
I | 83 (1.17 |1.42 |1 64 [2.00 [2.29 [2.77 [3.16 | 3.77 | 4.24 { 4 89| 5.29 :
1115 | .85 |1.19 |1.46 |1 68 |2 .04 [2.34 [2.84 [3.24 | 3.87 | 4306|504 5.48 !
12 .86 11.22 11.49 |1.72 |2.09 [2.40 |2.91 3.32| 3.97 | 4.47:4 519 5.65 ;
1 ' : i

How to Read the Table—Follow down the column headed “'Dia. of Mill" uplil you come ]
to the diameter of cutter which you are using. Follow across to the right until you come to |
the column under the depth of cut which the cutter is taking. The figure given is the |
approach of the cutter.

Example: 23{” diameter cutter, 1{“ depth of cut; approach of cutter is .79".

_—_— >-':[ 93 ]
Publication No. M-875-6
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CINCINNATI DIAL TYPE MILLING MACHINES
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INDEX TABLES

of=

INDEX TABLES (Numerical Divisions)
For Standard Dividing Head Plate (Page 46) and Wide Range Divider (Page 58)

(See pages 59 and 60 for method of calculating angular spacings and divisions not listed
for the Wide Range Divider)

Table of divisions obtainable with the standard Index Plate and the large
plate of the Wide Range Divider, used with Dividing Heads, Gear Cutting
Attachments, Spiral Milling Heads and Plain Centers.

The plates are drilled on both sides with circles of holes equally spaced.
The number of holes in the circles are as follows:

Standard Dividing First Side—24-25-28-30-34-37-38-39-41-42-43
Head Plate Page 46 Second Side—46-47-49-51-53-54-57-58-59-62-66
Large Plate of Wide { First Side—24-28-30-34-37-38-39-41-42-43-100

Range Divider Page 58 | Second Side—46-47-49-51-53-54-57-58-59-62-66
(2] [72] v w w w
3 5 5 5 § 5
a 3 Xz B @ @
= = = et = e
o (=] (=] (=] =] (@]
Slelel8|=s|s a|8|s|285 2832|858
z|lo|lé|la|z|8|la|l&|2|8|&|z2|lc|a|2|86|a]|2|0]|a
2 | Any| 20 |. 37 37| 1| 3|80|24]|12]148| 37| 10|248| 62| 10 [460| 48 | 4
3|24 |13 8|38 |38 1| 2|82/|41]|20]150] 30 250| 25 | 4|464| 58 | 5
4 |Any| 10 |. 39 (39| 1| 1(8a]|42|20|152{ 38| 10|255|51 | 8|470| 47| 4
5 |Any| 8 |. 40 |Any| 1 185 |34|16|155| 62| 16|260| 39| 6472|508 | 5
6 24| 6| 16| 41| 41 40| 86| 43| 20 (156! 39 | 10 |264| 66 | 10 [480| 24 | 2
7128 5|2 |42] 42 40|88 |66 |30[180| 28| 7|270| 54 | 8[490| 49| 4
8 |Any| 5| 43 | 43 40 | 90 | 54 | 24 |164| 41 | 10 |272| 34 | 5|496| 62| 5
9|54 4|24 44|66 60 | 92 | 46 | 20 | 165| 66 | 16 | 280| 28 | 4 |500( 25 | 2
10 |Any| 4 | 45 | 54 48 | 94 | 47 | 20 |168| 42 | 10 | 290| 58 | 8 [510| 51 [ 4
11 |66| 3|42 46 | 46 40| 95|38 |16|170| 34| 8[296| 37| 5|520| 39| 3
12 24| 3| 8|47 | 47 40|96 | 24| 10|172| 43| 10300} 30 | 4 |528| 66| 5
13 /30| 3| 3|48/ 24 20 | 98 | 49 | 20 | 176| 66 | 15 |304| 38 | 5[530( 53 | 4
14149 | 2|42 |49 | 49 40 [100 | 25 | 10 | 180| 54 | 12 |310| 62 | 8 (540 54 | 4
15241 2| 16|50/ 25 20 (102 | 51 | 20 [184] 46 | 10 |312| 39 | 5|560| 28 [ 2
16 (24| 2| 12| 51| 51 40 {104 | 39 | 15185 37 | 8 |320| 24 | 3 |570| 57 | 4
17 (34| 2| 12|52 39 30 (105 | 42 | 16 [188] 47 | 10 |328| 41 | 5|580| 58 | 4
18|54 2]12|53|53]....|40(106|53|20|190|38 | 8[330| 66| 8|590( 59 4
19 (38| 2| 4|54 |54/....| 40108 | 54 | 20(192| 24 | 5|336({ 42| 5|600| 30 | 2
20 |Any| 2|....|55|66|....] 48 |110 | 66 | 24 19530 | 8[340| 34 | 4[620| 62| 4
21 | 42| 1|38 |56 28|..../20([112 |28 | 10|196| 49 | 10 |344| 43 | 5 |660| 66 | 4
22 1 66| 1|54|57|57|....40(114 | 57 | 20|200f{ 30| 6|360| 54| 6]680| 34 | 2
23 46| 1| 34|58 |58|....40(115 | 46 | 16|204| 51 | 10 [368| 46 | 5]720| 54 | 3
24 | 24| 1|16|59|59(....|40([116 |58 | 20|205( 41 | 8|370( 37 | 4|740f 37 | 2
25 | 25| 1|15)|60|24|....|16(118 |59 |20|210| 42| 8|376| 47 | 5(760[ 38| 2
26 |39 1|21|62)|62]|....40(120 | 24| 8[212( 53 | 10(380| 38| 4|780( 39| 2
27 |54 1| 26|64 |24]|....|15([124 |62 20(215|43 | 8([390| 39 | 4|820( 41| 2
28 |42 | 1|18 |65 |39|....|24(126 | 25| 8|216| 54 | 10 (392 49 | 5 |840( 42 | 2
29 |58 | 1|22|66|66]|....]40/[130 | 39| 12]|220| 66 | 12 [400f 30 | 3 |860| 43 | 2
30 24| 1| 8|68 34|..../20(132 66| 20|224| 28 | 5(408| 51 | 5|880| 66| 3
31 /62| 1]|18|70]|28|....|16(135 | 54 | 16 [228| 57 | 10 | 410 41 | 4 |920| 46 | 2
32 28| 1| 7|72 |54|....|30(136 | 34| 10(230| 46 | 8 |420| 42 | 4(9d0| 47| 2
33 (66| 1|14 | 74|37 |....]20(140 | 28 | 8[232| 58 | 10 |424| 53 | 5 |960( 24 | 1
34 34| 1| 6| 75|30|....|16[144 | 54 | 15235 47 | 8 |430( 43 | 4 [980| 49 | 2
35 |28 | 1| 4| 76|38|....|20 (145 | 58 | 16 | 236| 59 | 10 [ 432| 54 | 5 (1000 25 | 1
36 |54 1| 6[78(39/....] 20 240| 24 | 4 |440| 66| &

245| 49 | 8|456| 57| 5

Publication No. M-875-6
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CINCINNATI DIAL TYPLE MILLING MACHINES

C‘{-:.:"'ﬁ.'.::::’*f':ti-v e = — =~ — —_—
INDEX: TABLE (Numerical Divisions)
FOR HIGH NUMBER INDEXING ATTACHMENT
indexes all numbers up to and including 200; all even numbers and those divisible by 5 up to and
including 400, except 225, 275, 325, 375.
This attachment consists of a set of J index plates which are drilled on six sides, A, B, C, D, E and F.

Example to index 35 divisions—This division can be made from side F, D, A,or E. The preferred side is F,
Bur should either D, A or E be in place, it can be used,

since this requires the least number of holes.

thus avoiding the bother of changing plates,

— }a

s ETEHIE ol 2| 8% 2| 8] % | 8

52l S| B|l5|8|les2|s | Bl 5|2l S| 8| & ;2|9 | 2 8
zalglslglaleslaglcl ElG|lea G181 &1 2816181 &

2 |Any|Any| 20 19 F (38 2 | 4| 41 | C|123(120| 70 | D | 42| 24

| 3 | A|3 (13|10 19| E 133 2 |14| 42 | E |42 |40| 70 | A | 91| 62
3 (B3 [13 (12| 19| A 171 | 2 |18 | 42 | A 147|140 | 70 | E (119 | 68

3 E| 42|13 | 14 20 |Any [Any| 2 | . 43 | A (129 |120 71 F |71 40

3 | C|9|13 (31 21| E |42 1 (38| 44 | D|44|40| 72 | B | 36| 20

3 | F 15913 |53 | 21| A j147| 1 [133| 44 | A | 99| 00| 72 | A (117 | 85

4 |Any|Any| 10 | 22 | D |44 | 1 | 36 44 | I (143 [130 72 | C |153 | 85

5 |Any[Any| 8| .| 22| A [99] 1|8 | 4 | B|36[32]| 73| E |73 40

6 | A[30| 6|2 2| F{143| 1 (117 | 45 | A (99 |8 | 74 | B [111 | 60

6 | B|1 3| 6 |24| 23|/ C|46| 1 |34| 45 | C |153 /136 | 75 | A | 30| 16

‘ 6 | E| 42| 6 /28| 23| A 60| 1 |51 | 46 | C |46 | 40| 76 | F | 38| 20
| 6 | C|l93| 6|62 23/ E[161| 1 119| 46 | A (69|60 | 76 | E |133| 70
| 6 | F[150| 6 (106 24 | A (30| 1 [20]| 46 | E (161 [140 | 76 | A |171 | 90
i 7 | F| 28| 5 (20| 24| B |3 | 1 24| 47 | B [141{120| 77 | D | 77| 40
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HIGH NUMBER INDEX TABLES

A —— , i

INDEX TABLE—(Concluded)
FOR HIGH NUMBER INDEXING ATTACHMENT

Fig. 85 . . . The High Number Indexing Attachment is
used by replacing the standard index plate with
the High Number plate which will give you
the number of divisions required.
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~ TABLE OF ANGULAR DIVISIONS
Obtainable With Standard Dividing Head and Wide Range Divider

(Use 54-hole circle on large plate—See Fig. 42, page 58)
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f TABLE OF ANGULAR DIVISIONS . . . Obtainable With Wide Range Divider

(Use 54-hole circle on small plate—Sece Fig. 42, page 58)
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£ 6136 1102 4 14f 300 2 | 38 |1 22| 36| 4| 10 | 30 36| 5|30 33 30| 7| s/ a6l 30| s |33 54| 30| 10| o
s 6| 48] 1| 14 ) 14/ 48] 2 | 40 |) 22| 48] 4 | 12 | 30, 48] 5|38 || 38| 48| 7| 10|l 44| 48] s |30 || 54| 48! 10| 8
3 741 516 {15 2042 (1 23]...] 4|14} 31 5140 || 39 A | B | 5 8| 38|55 ..110]10
% 7012 118 15 12 2 [ 44 () 230 12| 4 e | 31| 12| s |42 {| 39| 12| 7|3l 47|12 s 40| 55| 12| 10 ] 12
E 7124 1 120 1150 24) 2 | 4o | 231 24) 4 | I8 1 31f 24f 5| 44 || 30| 23] 7| 1ol 47| 23] 8| a2 || 55| 23] 10 | 13
> 7i 30l 1} 22 (15| 36f 2|48 (f 23] 36/ 4| 20 || 31| 36| 5|46 || 39] 36| 7| 18| 47| 36! 8| 43 ! 55| 36| 10 | 16
7 7{ 48! 1§24 15 481 2| 50 |} 23| 48f 4| 22 || 31| 48] 5| 48 || 39] 48] 7| 20 || 47] 28] 8| 4c || 55| 48] 10 | 18
o NOTE.— When indexing degrees and fractions of a degree, Cranks "3 and “ID™ in above tables indicated in figure 42 are both moved in the same
dircetion
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( I‘\!('l\l\lf\ll DIA\L TYPE \HLl l\’(“ MACHINES

TABLE OF LEADS (2.500 to 3.800)

Lead of “Lead of Le adof |

Spiral A , B|C|D Spiral A ‘ B| G ‘ D Spiral A B

in Inches in Inches in Inches

| | | |

2500 | 27|45/ 20|48 2923 |19 39|27 |45 3385 |22/ 39
2.507 | 2213920 45 2927 | 19| 51 | 33 | 42 3.389 | 22 | 42
2.510 | 24 (45|24 5 2930 | 203924 42 3.394 | 21|33
2513 | 19|36 | 20 | 42 2941 | 24|51 30|48 3399 | 39|45
2516 | 2136|2251 2946 |22 |42 (27|48 3.409 | 27 | 33
2.521 |20 42|27 |51 2956 |21 301945 3415 | 33 | 36
2.530 |17 42|30 48 2966 |22 |51 |33/ 48 3422 |24 |33
2534 | 21 |39 |24 51 2976 | 20|48 |30 | 42 3429 | 24 | 42
2.500 20|42 |24 |45 || 2.985 |92 | 39 | 27 | 51 3437 | 27 ’ 36
2.546 | 22 | 36 | 20 | 48 2.991 20|36 | 21| 30 3440 | 22 | 27
2.552 | 22|39 |19 42 2995 | 21|33 |24 (5l 3451 | 24 | 30
2.561 |19 | 51 |33 | 48 3000 | 21|55 33|42 3.457 | 21 | 27
2.567 | 24133 |18 | 5l 3009 | 224524 39 3.462 | 27 | 39
2574 | 21| 48|30 | 51 3017 |20 |51 |30 30 3.472 [ 30 | 36
2.579 |19 [ 39 | 27 | 51 3025 | 24|42 27|51 3480 | 30 | 39
2.588 | 22|51 |27 |45 3.029 |21 39|27 48 3486 | 24 | 27
2.593 | 21 | 36|20 |45 3039 | 185530 42 3492 |30 | 42
2598 | 24 139 (19| 45 3048 |24 |42 |24 45 3500 | 36|45
2.608 | 21|30/ 1951 3056 | 22|45 30 48 3 505 ' 39 | 48
2614 |20 51 (30 45 3.068 | 27 (33 18 | 18 3516 | 24 |39
2619 |22 42|24 |48 3077 | 20|30 27|45 3.526 | 30 | 39
2625 | 21 | 45|27 | 48 3081 | 22|51 30 42 3535 |21 |33
2632 121139 22|45 3.088 | 21|51 |36 48 3 543 ’ 24 | 33
2.639 |19 | 45|30 | 48 309 | 2213019 45 3556 | 24 | 36
2.647 | 24 | 48 | 27 | 51 3105 | 3036|1951 3 565 | 30 | 33
2.655 |22 39|24 |51 3111 |24 (36| 2145 3 571 | 30| 42
2.661 | 19| 51 | 30 | 42 3117 | 24|33 18 42 3580 |27 |33
2.667 |24 | 45| 24 | 48 3125 |21 (4230 | 48 3590 | 42|39
2.674 | 21 | 36 | 22 | 48 3134 | 2036|2239 3595 | 30| 36
2679 |20 |42 |27 |48 3143 |22 |42|27 |45 3603 | 2] | 48
2689 |24 42|24 51 3152 | 19|51 33|39 3611 |39 |36
2696 | 22 | 51 | 30 | 48 3.163 | 22| 45|33 | 51 3620 | 30 | 39
2707 |20 36|19 39 3173 |27 (39|22 48 3626 | 27 | 39
2.715 | 20 | 39 | 27 | 51 3182 |24 33|21 48 3636 | 24|33
2.727 | 2133|1842 3.189 |19 | 55| 36 | 39 3641 | 39 | 42
2.735 |24 /3020 45 3199 20! 33|19 ! 36 3650 | 33|39
2.745 | 24 | 36 | 21 | 51 3.205 | 20 |39 | 30 | 48 3660 | 24 |27
2750 |22 | 45|27 | 48 3214 | 24 |48 |27 | 1 3.667 | 24 | 30
2.764 |19 | 55|36 45 3.223 |22 /39 |24 42 3.676 | 39 | 42
2.773 [ 224227 | 5] 3.231 |27 (39| 21| 45 3686 | 22|27
2.778 | 20| 45| 30 | 48 3.239 |27 (33|19 48 3.692 f 27 | 39
2784 | 24 39|19/ 42 3.248 | 19 | 45 | 30 | 39 3697 | 33|42
2784 | 22 42 |24 145 || 3258 |27 |39 |24 |51 | 3702 | 33| 3
2.801 |20 42|30 | 51 3263 (213320 39 3706 | 27 | 30
2812 |21 42|27 |48 3.268 | 30 36 | 20 I 51 3714 | 39 | 42
2.820 |22 (39|24 48 3.274 | 22 | 48 | 30 | 42 3720 | 19|55
2824 |24 51|27 45 3282 |24 /39|24 45 3730 | 24|33
2831 |21 51|33 48 3284 [21(27| 1945 3.739 | 22 | 51
2842 19 35| 21 | 30 3.291 | 21 |39 | 22 | 30 3743 |30 |33
2.851 21 30|27 5 |l 3297 |20 /30|27 |42 [ 3750 |18 |45
2.857 | 24 | 42 | 24 | 48 3309 |27 |48 |30 51 3753 | 24|27
2886 | 19 | 39 | 30 | 51 3.318 | 22|51 |30 39 3761 | 3039
2876 | 22|51 {3045 3.329 |17 | 55 | 42 | 39 3765 | 21|30
2879 | 243319 |48 3.333 | 2142|3045 3.770 | 30 | 36
2885 | 2039 27 48 3.346 | 21 | 51 | 39 | 48 3.775 | 33 | 36
2.895 | 24 | 39 | 24 | 5| 3353 |27 /30|19 5l 3782 | 30 | 42
2903 |19 45|33 a8 3.361 | 2245|3348 3788 | 30|33
2.910 |20 | 36 | 22 | 42 3.369 |27 |33|21]51 3792 |39 45
2.917 121 /45030/48 3.377 1201355139 42 3.800 | 27 |30

|
|
|
|
|
|
|
|
|
|
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Le:l
Spiral
in Inches

d of

810
818
824

.828

834
838
843
850
860
869
878
882
889
897
911
916
922
929
937
949
954
958
963
968
972
977
982
986
992
000
006
011
018

T

¢ TABLE OF LEADS, STANDARD DRIVING MECHANISM ;
TABLE OF LEADS (3.810 to 5.025)
Lmd of | Lead of I |
Al B [ C| D Spiral A|B|C|D Spiral A|B [ C|D
in Inches in Inches { |

30 421-24‘45 4.202 | 45| 42| 20 | 51 4.606 |36|33|19]45
27 133 |21 | 45 4.215 | 17 | 55 | 45| 33 4.615 |18 | 42| .. |39
30 | 42 | 21 | 51 4.222 |19 | 42| .. | 45 4.622 | 33| 42|30 51
33|30 | 19 | 42 4.231 |33 (39|24 48 4.628 | 20 | 55| 42 | 33
24 27‘22 51 4235 | 27130 24| 51 4.635 |39 | 33|20 51
30 | 33|19 | 45 4242 | 30| 33|21 45 4.643 |39 | 42| 24 48
21 | 51 | 42 | 45 4248 |39 |36 |20 51 4.646 | 42 | 39 | 22 f 51
27 | 33 | 24 | 51 4.256 | 30 | 42| 22 | 48 4656 | 24| 27|22 42
21 | 51 | 45 | 48 4.263 | 42 |39 |19 | 48 4662 | 303312039
39 | 42 | 20 | 48 4.267 | 2430|2445 4.667 |21 (30| .. |45
33 | 39| 22 | 48 4.274 | 30362039 4.673 |39 | 36|22 5l
27 [ 30 | 22 | 51 4.278 |33 (36|21 45 4.678 |30 | 33|19 | 48
30 |36 |21 |45 || 4286 |18 |45 .. |42 || 4687 |30|36| 27|48
36 | 39 | 19 | 45 4293 (3033|1736 4.691 |30 |27 | 19| 45
24 | 30 | 22 | 45 4.299 | 45|39 |19 51 4.701 |30 | 36 | 22 | 39
24 | 33| 21| 30 4.308 [ 3639|2145 4.706 | 24 |36 . |5l
20 | 48 51 4314 | 2245/ . |51 4.711 | 19|55 | 45| 33
33| 42 | 24 | 48 4318 | 3633|1948 4.714 | 33 | 42|27 | 45
27 | 30 | 21 | 48 4327 | 3030|2748 4.722 |17 | 42| .. | 36
33 (39| 21| 45 4.333 |30 | 45| 24 | 48 4.727 |39 |33]18] 45
33|36 | 22 | 51 4344 | 36392451 4740 | 39|36 |21 ! 48
19 | 45| . | 48 4.354 | 333019 | 48 4.745 | 33|30 22| 51
30 | 33017 | 39 4364 |27 33|24 45 4.751 | 21 | 51| 45 | 39
:‘mm.lzu 42 4370 | 24|42 |39 51 4.762 | 20|30 .. | 42
39 | 45| 22 | 48 4.375 |21 |45 .. |48 a.773 |36 | 3321148
30| 33| 21|48 4.387 | 2227|2139 4.777 |17 | 55 51'33
33 | 39 | 24 | 51 4.392 | 24| 45| 42| 51 4.786 | 4239 20| 45
27 | 33 | 19 | 39 4396 | 30|30|24] 42 4793 | 3027|2251
45 | 42 | 19 | 51 4.400 [ 2713022/ 45 4.800 |27 /30|24}45
27 | 36 | 24 | 45 4406 |27 |33 21|39 4.807 |10 | 48 | 51 | 42
39 | 42 | 22 | 51 4412 | 3036|2751 4.813 [301!33]27 51
33| 36| 21| 48 4.420 | 33| 42|27 | 48 4821 |36 422748
30 | 42 | 27 | 48 4429 | 3033|1939 4.827 | 483920 51
24 | 27 | 19 | 42 4.434 | 42|39 21|51 4835 |33[30]|24] 42
30 | 39 | 22 | 42 4.444 | 20 | 42 45 || - 4.843 |39 30119 51
36 | 42 | 24 | 51 4.453 |27 | 24|19 | 48 4.848 | 3033|2445
30 [ 33|20 45 4.461 |39]36]21|51 4.853 | 3336|2751
17 1 39 | .. | 42 4466 | 3336|1939 4.858 |27 22|19/ 48
30 | 36 |19 | 39 4.471 |36 |30/ 19|51 4.866 | 39! 33| 21|51
36 | 33|19 | 51 4.476 | 24 | 33|24 39 4.875 |39 |30/ 18|48
30 | 39 | 27 | 51 4.480 | 33|39 |27 |5l 4.887 | 36|39 27|51
24 | 45 | 39 | 51 4.486 | 19 | 48 | 51 | 45 4.895 | 30332139
o1 | 48 | 42 | 45 4492 | 36|33 (21|51 4.902 | 45| 36|20/ 51
27 1 33 | 21 | 42 4500 |27 |30| 24|48 4.911 33423048
33| 30| 19| 51 4.508 | 42|33|17 | 48 4.916 | 27 | 42 | 39 | 51
30| 39 | 24 | 45 4’514 |30(36]20] 48 4.922 |27 | 242148
30 | 33|19 | 42 4524 |19 |45 .. | 42 4.926 | 42 (36|19 | 45
21 | 48 51 4.529 |33(30]|21] 5l 4.935 |36 (33|19 42
33| 45| 27 | 48 4.533 | 36|30 17|45 4.941 {3630 21|51
21 | 55| 39 | 36 4540 |39 |42|22]| 45 4.945 | 30|39 |27 | 42
3336 |19 42 4547 | 4239 |19 | 45 4.948 | 45 | 36 | 19 | 48
24 | 33 | 24 | 42 4553 | 33|27 |19] 51 4.952 | 39| 42| 24| 45
33 | 42 | 27 | 51 4558 | 24| 27|20 (39 4.959 | 20|55 45| 33
20 | 39 48 4.567 | 45|30 | 19| 48 4.967 |48 | 36 | 19 | 51
30| 33118 51 4.571 | 36|42 |24 45 4.977 | 3339|301 51
36 | 39 | 19 | 42 4.575 | 42| 36| 20| 51 4.990 |39 |33|19 |45
20 | 51 | 48 | 45 4583 |22]39|..]|48 5.000 (24|36 .. |48
33| 42 [ 24 | 45 4.588 | 30 |30 |18 | 51 5014 | 242722/ 39
27 133120 | 39 4.602 | 27122/|18]48 5.025 | 19| 55| 48 | 33
= < [101]
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TABLE OF LEADS (5033 to 6.291)

‘Lead of | . Lead of Lead of | |
D Spiral Al B € |2

Spiral | A | B ‘ c | D Spiral | A , B ! o |
in Inches in Inches | in Inches ol e

| | |
5033 |42 (36| 22 (51 5.440 | 33 | 39 l 27 | 42 882 30 | 36 51
5038 |42 (33 |19| 48 5444 | 42 {36 | 21 | 45 887 48 | 33 | 17 | 42
5042 | 33|30 22|48 5455 | 36 | 33 | 24 | 48 893 33 | 36 | 27 | 42
048 |45 | 39 | 21 | 48 5469 | 451 36 | 21 | 48 903 551 33| 17 | 48
056 391362145 5 481 27 l 24 | 19 | 30 911 42 | 30 | 19 | 45
065 39133 18| 42 5 489 313019 ) 45 921 30| 19| 18 | 48
068 |21 |51 |48 | 39 5.495 | 45 ‘ 39 | 20 | 42 926 24 [ 27 | 24 | 36
077 |33 (39|27 45 5500 | 3313627 |45 934 36 | 39 | 27 | 42
080 | 45 i 33119 | 51 5.510 1 27| 21| 18 | 42 939 42 | 33 | 21 | 45

=
o
=3
w
—
o

30 | 33|21 |45 948 | 3¢ ;
954 |33 | 27| 19|39
961 | 48 | 30 | 19 | 51
966 | 45 | 33 | 21 | 48
975 |33 |27 |22!45

55 | 48 | 30
30 | 27 | 45

51 | 36 | | 33| 30| 22| 42
{21 ] 19
24 | 39

19 | 55 | 51 | 33

|

| 3630 | 30| 48
775 }.;f, 33 | 27| 51

| 302117 |42

"

5

5

5

5

2 :

123 |33 |24| 1951 5556 | 20 | 39 56 983 |42 | 36 | 20 | 39
128 | 20 | 42 39 5561 | 3933|2451 989 | 42 | 33 | 24 | 5l
135 | 20 | 51 | 55 | 42 5568 | 42|33 | 21 | 48 994 | 51 | 39 | 22 | 48
143 | 36 | 42|27 | 45 5573 | 30|19 | 18 | 51 000 |27 /30| . |45
147 |45 | 36 | 21 | 51 5581 |39 33|17 36 010 |42 |33| 17|36
152 |17 | 45 33 5587 | 22|45 | 48 | 42 019 |39 |27 |20/ 48
156 |33 |36 |27 |48 5 594 ‘ 30 | 33 | 24 | 39 027 |27 | 42| 45| 48
160 | 33|27 |19 |45 5600 | 36|30|21 45 032 |48 | 36 | 19 | 42
170 | 39| 33|21 | 48 5 608 | 39 | 30 | 22 | 51 039 |42 30|22/ 51
176 | 51|30 | 19| 48 5615 |45 (33|21 | 51 044 | 33|39 | 30|42
185 |42 |36 |20 45 5625 |27 3(;‘ | 48 050 | 36 | 21 | IS | 51
192 |36 | 30|27 |48 5.630 | 48|36 19 |1 054 |39 |24/ 10] 5
195 | 30 | 33|24 | 42 5641 | 22 | 42 39 058 |27 | 24|21 | 39
200 [3930|18]|45 5 647 | 36 | 30 | 24 | 51 061 |20 |42 .. |33
208 | 45| 36 | 20 | 48 5657 |42 (33|20 | 45 067 |39 |30 21]45
216 | 42 |30 [ 19| 51 5664 39|27 | 20|51 071 | 45|30 | 17 | 42
5675 |39|36 2242 090 | 45| 36| 10|39
229 | 48 | 36 | 20 | 51 5682 | 45|33 | 20 | 48 095 |24 | 45 | 48 | 42
238 | 22 | 45 42 5687 | 39 (30|21 |48 100 | 42| 27| 20| 51
241 | 42 | 33 | 21 | 51 5692 | 55| 36| 19 | 5l 107 | 2712019 42
250 |27 30213 5698 | 302712 |30 M | 22| 42 36
255 | 17 | 55| 51 [ 30 5709 | 42|36 |22 45 118 | 39 | 30| 24 | 51
260 |27 (221842 5714 | 24|30 [ 42 125 | 42|30 | 21 | 48
265 |42 |39 |22 | 45 5718 | 39 | 27 | 10 | 48 130 |33 (1018 ] 51
272 |33 (272251 5722 |27 | 22|21 45 136 |36 | 33 | 27 | 48
278 | 19|42 | .. |36 5 735 J 30|24 | 18! 5] 141 [ 48 (33 (19 45
288 | 33 | 39 | 30 | 48 5744 | 42|39 | 24 | 45 154 | 24 | 42 3u
299 | 27 | 36 f .. | Bl 5752 |33|27| 24|51 162 | 33| 21|20 51
303 | 423320 } 18 5758 | 1942 . |33 169 | 45 | 33 | 19 | 42

, 5

! 5

‘ 5

5

5

5

5

w
N
~N
<

347 |42 36 (22|48 789 | 3319|175l 205 |33 (30| 22]| 39
353 | 30|30 21 5 795 |51 1533|1848 209 | 45| 27| 10| 51
359 133|300 1039 804 | 30|42 39 | 48 222 | 42 36| 24| 45
369 | 271|221 21|48 5 807 | 21 | 51| 55|39 6231 [30]27]|22] 51
378 | 33| 30|22 45 5816 |27 (21|19 |42 6237 139(33(19 | 36
385 | 21 | 42 44 5820 | 30 | 27 | 22| 42 6.250 |30 (36| .. |48
392 |45 | 36| 22| 51 5824 |331]30]27] 5l 6.257 | 39| 33| 27 | 51
398 |45 33 19 48 5833 21139 ..136 6.268 | 30| 27 | 22| 39
413 30127119139 5.844 30133 |27 | 42 6.275 48 | 33 | 22 | 51
419 |48 | 33 | 19 | 51 5854 | 33|21119]| 51 6.282 | 42|36 | 21| 39
5429 |36 | 30 | 19| 42 5.864 | 30 | 27 | 19 | 36 6.286 | 33|21 | 18| 45
5432 | 302722145 5.874 | 3613312139 6.291 | 21|51 (551 36
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I'ABLE OIF LE:\I)S STANDARD [)Rl\ ING \1L( H\'\'IS\i
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TABLE OF LEADS (6 296 to 7.483)
“Lead of | | Le'\d of [ Lead of i
Spiral A | B|C ) D Spiral l A ) Bi{ C|D Spiral A[B|C|D
in Inches I in Inches in Inches |
| |
6296 | 17 | 45 | .o | 27 6699 | 33|24/]19]39 7059 |45 30 I 24 | 51
6303 | 39|33 24|45 6710 |42 |27 | 22| 51 7.062 |39 (272245
6316 | 36| 19| 17 | 51 6713 |36 (33| 2439 7071 [33[30)27 |44
6319 |30 | 27|21 48 6.717 |42 33|19 |36 7.083 |17 |45 .. | 22
6333 |19]|42]| .. |30 6722 |33 24 22|45 708 |48 /331939
6340 | 48 | 33 | 17 | 39 6729 | 51 | 30| 10| 48 7001 |39]33|27]45
6346 | 33 | 36 | 27 | 30 6734 |30 |27 (20|33 7.105 |36 19| 18| 48
6.349 | 48 | 36 | 20 | 42 6.738 | 42| 33| 27| a1 7.112 | 42|22 19| 5]
6353 |36 30|27 51 6.741 |30|27! 21|45 7.125 (36|20 10| 48
6356 | 39 | 30 | 22 | 45 6746 | 55| 33| 17| 42 7130 | 42| 27|22 48
6364 21 (42| . |33 6750 |36 30|27 |48 7.136 | 51 |27 |17 | 45
6375 | 51 | 30|18 |48 6 756 | 48 |30 | 19 45 7143 [ 30130 . |42
6387 | 36211951 6 761 | 51 | 33|21 |48 7152 (33119215l
6393 | 2245|5139 6769 |33 |30 24 30 7159 | 42133 |27 48
6400 | 36 | 30 | 24 | 45 6.774 | G0 | 33| 19 | 31 7175 |39 22|17 | 42
6.405 |42 | 27 | 21 | 51 6779 |33 | 21 | 22 | 51 7179 | 4236|2430
6410 | 45|36 |20 | 30 6786 | 4530 19 | 42 7190 | 3327|3051
6417 | 36| 33! 30| 51 6 790 | 30|27 |2236 7.200 | 3630|274
6420 |30 |27 |20 45 6 797 | 30|27 | 24| 51 7206 |42 24| 21| 51
6429 | 27 | 39 42 6806 | 42| 27| 21|48 7212 | 51133]2 |45
6439 | 45|33 |17 | 38 6810 | 39| 30|22 42 7.222 | 30|27 ! 24|45
6447 | 22 | 42 | 48 | 39 6 818 | 36|33 | 30 |48 7.232 | 33|17 |19/ 51
6451 (33 (27|19 36 6821 | 42|30 1930 7240 | 30| 3948 31
6462 | 42 | 39 | 27 | 45 6830 | 55|30 19] a1 7245 | 39|19 18] 5]
6 465 | 48 | 33 | 20 | 45 6838 | 48|36 | 20| 39 7253 | 36|39 (33|42
6471 |33 |36 | . |5l 6845 | 24| 51 | 48 33 7259 |42 (27 (21|45
6477 |36 | 22| 10 | 48 6.853 |42 33|21 |30 7265 | 45|27 |17 |39
6481 |42 27 | 20 | 48 6857 | 3630|2442 7273 | 24|42 .. |33
6490 | 27 | 30 | 45 | 48 6 863 | 45 | 27 | 21 | 3l 7279 |33 |24|27] 51
6494 | 45 |33 | 20 | 42 6 869 | 48 | 33| 17 | 30 7283 [ 39| 212051
6500 | 30 30 | 24 | 48 6 875 | 33 | 30 48 7286 | 51|30 18] 42
6513 |33 19 18|48 6878 |39 27|92 |42 7292 (45|27 21]48
6519 33|27 24|45 6882 | 39|30 275 7299 | 3922|215l
65256 | 51 | 33 |19 | 45 6894 |30 33|21 |36 7.308 | 4530|1939
6531 | 33|20 19| 48 6 902 | 48 | 30 | 22| 5l 7.313 [ 30|20 |18 48
6536 |45 |27 |20/ 51 6.908 |30 1921 |48 7.320 | 42| 27| 24| 5
6.545 |36 | 33 |27 |45 6.914 | 42|27 |20 |45 7326 | 3021|2039
6555 (30|21 18|51 6919 |39 21|19 3l 7.333 [33|36(. |45
6563 |36 |24 21|48 6923 | 27 | 42 30 7341 | 19|55 |51 | 24
6568 |42 |27 |19 | 45 6926 | 43|33 |20 | 42 7347 | 27|21 |24/ 42
6577 [ 30|21 |17]48 6933 |30 |30|24] 45 7.353 | 45|24 | 20| 51
6581 |42 362230 6939 | 36|21 | 17|42 7368 | 30|19 21 |45
6588 |42 (30 | 24 | 51 6944 | 4527 | 20| 48 7.385 |30 | 30 | 24 | 30
6.593 | 45|39 | 24 | 42 6947 [33]19]18] 45 7.389 | 4212419 45
6 600 |33 30|27 |45 6.952 |30 | 33| 30| 5l 7.395 |33 21|24 5l
6608 | 27|22 21|39 6955 | 18 | 55 | 51 | 24 7.403 | 36|22/ 10/ 42
6611 |42 | 24|17 | 45 6960 [ 3021|1939 7.407 |20 45| . |27
6 618 | 30 | 24 | 27 | 51 6.964 | 39|36 |27 |42 7.412 | 42|30 27|51
6623 |51 |33|18 |42 6968 | 33 | 39|42 | 51 7.418 | 45|39 | 27 | 42
6632 [27 (192145 6.972 | 48| 27| 20 | 51 7.424 | 42 |33 21| 36
6635 [33)21|19]|45 6984 |48 |36 | 22| 42 7429 1393024 42
6643 |45 33|19 39 6.993 |45 33|20 39 7.438 | 51 |30} 21 ! 48
6 648 | 39 | 33 | 27 | 48 7.000 |21 |42 30 7.444 |33 |19 |18 | 42
6667 3036 ..|45 7.010 |39 |24]|22]/51 7.451 | 42| 21 | 19 1 51
6679 | 33|20 |17 | 42 7013 [ 3633|2742 7.459 | 48 | 33 | 20 | 89
6.684 | 55|36 |21 |48 7.018 [ 30| 19]20 | 45 7.464 | 33|20 |19 | 42
6687 [36|19 |18 |51 7.030 |33 |19 17| 42 7.469 | 3319271922136
6691 |39 24|21 |51 7.037 |19 |45 27 7.474 | 36 | 17 1s 51
6.696 [ 30| 42| 45 | 48 7.051 |30 |24]22]39 7.483 |30 | 21 42
= =[103 [
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TABLE OF LEADS (7.487 to 8.766)

Lead of | Lead of Lead of
Spiral A|B|{C|D Spiral A|Ble| D Spiral A | B

in Inches in Inches in Inches

‘ |

7.487 |42 |33 (30| 51 7.889 |36 |17 |19 | 51 8.319 |33 | 21
7.492 |33 |19 |22 |51 7.897 |42 (30 | 22| 39 8.322 |51 |33
7.500 |36 33| .. |48 7.901 |48 (27|20 | 45 8.333 |30 | 39
7.506 | 48 | 27 | 19 | 45 7.908 |33 |18 |22 51 8.342 | 39 | 22
7.517 39|21 |17 |42 7.912 |48 |39 | 27 | 42 8.352 | 42 | 22
7.521 | 48|36 |22 |39 7.917 |19 |42 .. | 24 8.357 | 39 | 30
7.529 |51 (33]19]39 7.933 (51 (302145 8.366 | 48 | 27
7538 |42 30|21 |39 7.944 (30 (36|33 |45 8.374 | 33| 17
7.549 | 42|24 |22/ 51 7.955 |42 |33 |30 48 8.381 | 48 | 30
7.552 |36 (33|27 (390 7.964 | 33|39 (48| 51 8.388 | 55 | 27
7.557 | 42| 22|19 |48 7.972 (36|22 19 39 8.392 | 36 | 33
7.563 |33 |20 22|48 7.977 (42|27 |20 39 8.400 | 42 | 30
7.566 |39 |27 22|42 7.983 (45|21 |19 5] 8.403 | 45 | 21
7.571 (3319|1739 7.988 |55 |27 (20|51 8.412 | 39 | 30
7.576 | 60 | 33 [ 20 | 48 7.993 (33|17 | 21|51 8422 | 45| 22
7.583 |30130/21!36 8.000 |36 |33 45 8 426 | 30 | 27
7.589 | 55|27 19|51 8.011 (3021 ]|22]51 8.438 | 36 | 24
{ 7.597 |39 [33|27 |42 8.016 331918/ 39 8.444 | 48 | 24
| 7.600 | 36|20/ 19|45 8.021 |42 |24 (22|48 8.452 | 39 | 19
7.605 |42 |27 |22|45 8.028 |51 |24|17 |45 8.462 | 33 | 36
7612 |33 (172051 8.036 | 45| 36 | 27 | 42 8.471 | 36 | 17
7.615 |33 (3027 |39 8.042 |48 (27|19 | 42 8.482 | 45 | 24
7.619 | 48|30 20|42 8.050 |39 |19 |20 | 51 8.488 | 55 | 27
7623 |39(27119] 36 8.059 | 30|21 |22]39 8493 | 33| 17
7.628 |42 (24|17 |39 8.063 | 55| 27 | 19 | 48 8.497 | 30 | 27
7.636 |36 (22|21]45 8.067 |36 | 21|24 | 51 8.502 | 30 | 19
7.639 |33 (273048 8.072 |39 |18 |19 |51 8.512 | 30 | 24
7.646 | 51 |27 |17 | 42 8077 |45 (302139 8.515 | 48 | 21
7.656 |42 24| 21|48 8.081 | 60| 33|20 45 8.523 | 45 | 22
7.669 |48 (27 |22 51 8.088 | 33| 24|30 | 5l 8.531 |39 |20
7677 |36 271933 8.095 |17 (45| .. |21 8.538 | 55| 24
7.684 |33 17|19 |48 8.105 |33 19|21 | 45 8.545 | 51 | 27
7.692 3036 .. |39 8.114 | 21|55 | 51 | 24 8.553 | 39| 19
7.697 |39 19|18 | 48 8.120 | 5533|1939 8.556 | 42 | 30
7.700 |33 (202145 8.128 |48 (22|19 51 8.571 | 36 | 33
7.704 |30 27|24 45 8.143 36 (20|19 | 42 8.576 | 30 | 24
7.714 | 36 |30 | 27 | 42 8.148 |22 | 42 27 8.594 | 33 | 24
7.721 | 45| 24 | 21 | 51 8.157 |51 |33 19| 36 8 603 | 30|24
7.727 |17 | 45| . | 22 8.163 (30| 21 | 24 | 42 8.615 | 42 | 30
7.734 | 33|24 |27 48 8.167 |42 |24 | 21 | 45 8.627 | 42 | 21
7.738 | 39| 36|30 | 42 8.173 | 45| 24 | 17 | 39 8.636 |10 | 45
7.741 | 55|30 19 | 45 8.182 | 27 | 39 33 8.643 |33 |20
7.749 |48 127 |17 | 39 8196 | 33|17 (19| 45 8.654 | 45 | 36
7.758 |48 |33 | 24|45 8.205 |48 | 36| 24|39 8.661 | 48 | 27
7.765 | 36 | 30 | 33 | 51 8.211 (3919|1845 8.667 | 30 | 33
7.778 |21 |42 | . |27 8.231 [33|21|22]42 8.673 | 45| 21
7.792 51030 22| 48 8235 |48 |24 21|51 8.684 | 33| 19
7.800 |39 |30|27 45 8.242 | 5133|2445 8.693 | 51 | 22
7.813 45|24 | 20|48 8.250 |33 |20 24|48 8.708 | 33| 20
7.822 48 (30|22 45 || 8.258 | 39|27 |24 |42 8.715 | 60 | 27
7.829 | 421917 | 48 8.258 |36 (19|17 | 39 8.720 | 36 | 17
7.832 | 4233|2439 8264 | 51|27 (21]48 8.727 | 36 | 30
7.841 39|21 |19 |45 8273 | 39|30 21|33 8.730 |33 |27
7.846 | 51 . 20 ‘ 18 | 30 8.262 |51 (301939 8.739 | 39 | 21
7.857 |33 136 . |42 8.289 | 36 |19 | 21 | 48 8.745 | 27 | 19
7.861 | 42| 22|21 | 51 8.296 | 42 |27 | 24 | 45 8.750 | 21 | 45
7.870 | 45|27 |17 | 36 8.305 |36 | 17|20 | 51 8.754 | 39|27
7.875 | 42 | 30 ‘ 27 | 48 8.308 | 36|30 |27 |39 8.758 | 51 | 22
_7.879 139133130 45 8.312 | 48 | 33 | 24 | 42 8.766 | 45 | 33
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769
775
782
787
791
796
800
811
815
821
827
831
839
844
854

867
882
889
897
905
909
916
922
929
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941
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951
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972

990
000
015
023
031
048
053
059
066
071
076
081
091
098
102
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17
123
135

FABLE OF LEADS, STANDARD DRIVING MECHANISM
TABLE OF LEADS (8 769 to 10. 094)
Lead of Lcad of
A | B ‘ C | D Spiral A|B|C|D Spiral A|B|C|D
_____ s i in Inches in Inches
| ‘ | | [
36 |20 | 19| 39 9184 | 30|21 27|42 9630 |39 |27, 24 36
12 | 27 | 22 | 39 9.192 |39 |27 21|33 9636 |42 19|17 | 39
33 | 17 | 19 | 42 9202 |51 |27]19]39 9.643 |36 | 24|27 42
55 | 27 | 22 | 51 9205 | 3622|2748 9651 |48 |21 (19 45
30 (21 (2|30 9.211 | 42| 19|20 | 48 9659 |39 1924 51
60 | 27 | 19| 48 9215 | 5527|1942 9670 | 33|21 |24]39
33|20 | 21| 45 9231 [36/33] . .39 9676 | 55|24 19| 45
233927139 9236 |42 | 24|19 |36 9686 | 30|17 (19|45
51 | 27| 21|45 9244 | 45121 |22 51 9692 | 42| 302739
3012019 |42 9253 | 45922 19| 42 9700 |55 127 |2 |42
30 | 27 [ 22 | 36 9.259 |60 27|20 |48 9706 | 36 | 24 | 33 | 51
18 | 22 | 17 | 42 99273 |51 (332745 9714 51|21 |18] 45
33 | 24 | 27 | 42 9281 | 3320|2748 9722 |45| 27|21 (36
30 | 21 |20 | 42 9288 |45 19| 20 | 51 9728 |39|21|22]42
55|22 |17 | 48 9297 |51 242148 9740 | 45133 |30/ 42
30 | 33 | 36 | 48 9 301 |42 22|19 39 9.744 |48 |24 1939
1212 |19 45 9.308 | 33|20 2239 9750 (391302736
1519 ] 18|48 9.314 | 60| 24|19 | 51 9757 | 55|21 |19]51
24 | 42 27 9313 | 4230|2436 9770 | 33|19 27|48
33 | 17 | 22 | 48 9.341 | 45|21 |17 | 39 9778 | 55|30 ! 24|45
51 | 30 | 22 | 42 9346 | 30|27 33|51 9788 | 51|30/ 1033
122212145 9351 |48 |33|27! 42 9796 | 36|21 |24 42
36 |19 | 24 | 51 9356 | 3024|1033 9800 |42 |20 | 21|45
30 | 18 | 21 | 51 9375 | 3624|3048 9808 |51 |24/18] 39
45 | 24 | 20 | 42 9385 | 3922|273l 9818 [36/|201! 18] 33
55130 | 19 | 30 9402 [33]|27130]39 9825 | 4219|2045
30|20 | 22 | 48 9408 |39 19| 22148 9832 [30]21 27|51
36 |17 |19 | 45 9412 | 42| 21| 24| 51 9844 |42 | 24|27 |48
17|45 | . |19 9421 |36 |22|19|23 9852 |42 18|19 45
18 [ 33 | 24 | 39 9429 | 33|21 |27 |45 9.860 | 48 |21 |22 51
227 |10 33 9436 | 55| 24|21 351 9.868 | 45| 19| 20 | 48
181212 | a1 9441 | 45|33 |27 |39 9872 | 55302139
512419 | 45 9446 | 391172151 9877 | 48|27 |20/ 36
30119 | 21|48 9455 | 39|30 24]33 982 |36]17]21]|45
33 | 39 | 51 | 48 9474 | 18 | 45 19 9886 |55 24|22 51
27 42| .. | 30 9481 | 48|27 | 24| 45 9.890 |30 212739
2]22(17] 36 9490 |33 |17|221 45 9.894 |51 27|22 42
30 119 | 21 | 42 9.500 |19 | 45 20 9900 |33]|2 !27145
51120 |17 | 48 9.506 | 55|27 |21 |45 9.907 |48 19| 201 51
19 | 45 21 9510 | 5133|2439 9.917 | 30| 22|24 33
55 | 27 | 20 | 45 9.519 | 33|24 27|39 9926 | 45|24 |27 | 3l
12 | 30 | 33 | 51 9524 | 20|45 .. |2 9931 |30(24 22136
27 | 42 | 55 | 39 9533 [39|20|22]45 9935 |51 (33|27 42
55 | 24 | 19 | 48 9536 |42 | 19|22 51 9.955 | 33|17 |20 |39
36 | 21| 27| 51 9545 |21 |45 .. |22 9959 |55|27 |2 | 45
30 |17 | 10| 48 9549 | 55| 242048 9965 |36 17,24 51
30 | 36 33 9.559 | 30 | 24 | 30 | 51 9 969 | 51 127119 | 36
3319|2242 9563 | 51|20 |18]4S 9.972 |39 |22 |27 |48
42 |1 19 | 21 | 51 9573 |42 |27 |24 39 9989 | 55|24 |17 30
51|36 | 27 | 42 9579 309|192 45 10.000 | 24 | 45 ) 24
48 | 27 | 20 | 39 9.586 | 45|10 | 17 | 42 10026 | 55124121 | 48
30| 19|20 | 45 9.590 |51 (3022390 10.031 |36 |19 | 27 | 51
45 | 24 | 19 | 39 9596 |45 (2719 |33 10.037 (39 | 17 | 21 | 48
30 | 24 | 27 | 48 9.600 | 48 |30 |27 |45 10 052 | 60 | 27 | 10 | 42
39 [ 18 | 19 | 45 9.603 | 55|30 |22 42 10.065 | 42 | 27 | 33 | 51
42 | 27 | 30 | 51 9.608 42 | 18 | 21 | 31 10 070 36 | 22 | 24 30
51130 | 21| 39 9613 [51|24]10] 42 10076 | 42| 22| 19 | 36
33|30 .. |36 9619 |55|27]17]36 10084 |45 21 | 24| 51
30 | 30 | 36 | 51 9625 |4212 122148 || 10004 |35 20! 10|48
— [ 10§ |
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Lead o‘f;

Lead of Lead o
Spiral A|B|C|D Spiral A|(B|€C|D Spiral
in Inches in Inches in Inches
10 096 | 45|24 | 21| 39 10.625 | 51 (24 | 18 | 36 11.156
10.102 | 33 | 21 | 27 | 42 10 636 | 39 | 22 | 27 | 45 11.165
10.107 | 42 | 22 | 27 | 51 10.644 | 60 | 21 | 19 | 51 11.172
10.119 | 55| 22 | 17 | 42 10.655 | 51 | 27 | 22 | 39 11.176
10.125 | 36 | 20 | 27 | 48 10.658 | 36 | 19 | 27 | 48 11 184
10.133 |48 (20| 19 | 45 10.670 | 55 | 27 | 22 | 42 11.189
10 142 51 12212148 10.688 33 119 | 24 | 39 11.200
10.150 | 30 { 19 | 27 | 42 10.694 | 42 | 27 | 33 | 48 11.204
10156 | 39 | 24 | 30 | 48 10 699 | 51 |22 (18| 39 11.211
10.160 | 60 | 22 | 19 | 51 10.706 | 42 | 30 | 39 | 51 11.216
10.168 | 33| 17 | 22 | 42 10.714 | 33 | 22 ( 30 | 42 11 224
10.173 [ 42|17 | 21 | 51 10.739 | 42 | 22 | 27 | 48 11.230
10.185 55| 27 | 24 | 48 10.744 39 (2220 ( 33 11.250
10.200 | 51 | 30 | 27 | 45 10.751 | 55 | 27 | 19 | 36 11.259
10 208 42 1 24 [ 21 | 36 10.756 48 | 21 | 24 | 51 11 278
10.217 [ 45|19 | 22 | 51 10.769 |42 (33| .. | 39 11 282
10.227 | 36 | 22 | 30 | 48 10.774 | 48 | 27 | 20 | 33 11.294
10.236 | 48 | 27 | 19 | 33 10.784 | 45 | 27 | 33 | 51 11 298
10. 252 55 | 19 | 17 | 48 10 794 51 | 27 | 24 | 42 11 308
10.263 39 | 19 | 24 | 48 10 800 36 | 20 (27| 45 11.313
10.271 | 55 | 21 | 20 | 51 10.809 | 42 | 17 | 21 | 48 11.317
10.280 42 (2221139 10 818 51 | 22|21 | 45 11.329
10.286 48 | 30 | 27 | 42 10 822 55 | 18 | 17 | 48 11 329
10.294 | 55| 22 | 21 | 51 10.827 | 36 | 19 | 24 | 42 11.336
10.303 51 | 33 | 24 | 36 10.833 39 | 33 36 11.345
10.313 | 45 | 30 | 33 | 48 10.855 | 45| 19 ( 22 | 48 11.352
10.324 45119 |17 | 39 10.860 30 | 17 | 24 | 39 11.364
10.340 48 | 21 | 19 | 42 10.867 39 | 19 | 27 | 51 11.368
10 353 51124191 39 10.875 51 (27| 19| 33 11 375
10.362 | 45 { 19 | 21 | 48 10 884 | 48 | 21 | 20 | 42 11 383
10.370 42 | 27 | 24 | 36 10 889 42 | 18 | 21 | 45 11.396
10378 |39 |17 | 19 | 42 10.900 | 45 |17 | 21 | 51 11.407
10.385 | 45|30 | 27 | 39 10.909 |36 (39| .. |33 11.416
10.390 | 48 [ 22 | 20 | 42 10.913 | 55 | 24 | 20 | 42 11.423
10.400 | 39 | 30 | 36 | 45 10.9189 | 33 | 17 | 27 | 48 11.429
10.408 | 51 | 21 | 18 | 42 10.924 | 39 | 21 | 30 | 51 11.435
10.413 36 22121133 10.931 30 119|271 39 11.442
10.421 33 (19| 27| 45 10.940 48 | 27 | 24 | 39 11.455
10.431 42 1 17 1 19 | 45 10.950 33 |17 | 22 | 39 11.471
10 440 | 45 | 21 | 19 | 39 10.962 | 45 [ 20 | 19 | 39 11.483
10 446 | 55 | 27 | 20 | 39 10.969 | 55 | 27 | 21 | 39 11.491
10452 | 33 | 17 | 21 | 39 10.980 | 42 | 18 | 24 | 51 11 503
10.462 | 48 | 20 | 17 | 39 10.986 | 51 | 21 | 19 | 42 11 515
10476 |22 45| .. |21 || 10992 |42 |22 |19 |33 [ 11 529
10.490 | 45 | 33 | 30 | 39 11.000 |33 |42 .. | 30 11.538
10 500 21145 .. 120 11.014 45 | 22 | 21 | 39 11.546
10.505 | 39 | 27 | 24 | 33 11.020 | 36 | 21 | 27 | 42 11.556
10 515 ! 3012433 1| 51 11.029 45 | 24 | 30 | 51 11.570
10.519 36 1 22 ’ 27 | 42 11.039 51 | 33 | 30 | 42 11.579
10.526 | 20 | 45 | . 19 11.053 21145 .. |19 11.591
10.547 | 45| 24 | 27 | 48 11.058 | 55 |21 |19 | 45 11.607
10.556 | 19 | 45 18 11.073 | 48 | 17 | 20 | 51 11,611
10577 | 33 |24 | 30| 39 11 080 |39 | 22|30 48 11.624
10,582 ] 60 | 27 | 20 | 42 11.092 36 | 21 | 33| 51 11.636
10.588 | 18 | 45 17 11111 130|139 .. | 27 11.647
10.593 39 | 27 | 33| 45 11.123 30 | 33 | 48 | 51 11.660
10.601 | 55 {21 |17 | 42 11.131 | 51 | 24 | 22 | 42 11.667
10.607 | 33 | 20 | 27 | 42 11136 |42 | 22 | 21 | 36 11.688
10.614 [33119]22{36 || 11146 |36/ 1930|510 || 11 692
~ —— e = [ 106 ] === e

CINCINNATI DIAL TYPE MILLING MACHINES
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TABLE OF LEADS (10.09 to 11.692)

A B|C| D

55 | 24| 19 | 39




TABLE OF LEADS, STANDARD DRIVING MECHANISM

= i
ABLE OF LEADS (1.703 to 13.303)

Lead of Lead of | ‘ | Lead of | I
Spial | A | B | C I D Spiral | A ’ B ‘ c ' D Spiral [A|B|CI|D

in Inches in Inches in Inches |

|

11.703 42 1 19 | 27 | 51 12.217 45 | 17 | 18 | 39 12 745 45 | 27 | 39 | &1
11.719 45 | 24 | 30 | 48 12.222 33139 .. |27 12.750 51|30 |27 | 36
11.729 30 | 10| 24 | 42 12.235 51122119 | 36 12.759 55 1211|1939
11.733 48 | 20 |1 22 | 45 12.245 45 | 21 | 24 | 42 12.768 39 | 24 | 33 | 42
11.743 ‘ 51 | 19| 21 | 48 12.250 42 1 20 | 21 | 36 12.773 48 | 17 | 19 | 42
11.748 ' 42 | 22 | 24 | 39 12.273 27 1 42 | .| 22 12 784 45| 22 | 30 | 48
11 752 55 | 24 | 20 | 39 12.281 42 [ 191 20 | 36 12.795 60 | 27 | 19 | 33
11.765 | 20 | 48 17 12.303 51 119 | 22| 48 12.800 48 | 20 | 24 | 45
11 769 ‘ 51 130 | 27 | 39 12 308 42 [ 21 124 | 39 12 806 55| 17 | 19 | 48
11 777 | 45 | 22 + 19:] 33 12.316 30| 19 | 27 | 45 12 817 51 (21|19 36
11 789 42 1 19 | 24 | 45 12.325 85 | 21 | 24.| 51 12 821 55122120 {39
11 806 55 122 | 17 | 36 12 338 60 | 22 | 19 | 42 12 829 39 | 19| 30 | 48
11 813 42 | 20 | 27 | 48 12.346 60 | 27 | 20 | 36 12.834 48 | 22 1 30 | 561
11 818 39 | 36 33 12.353 21 146 ] . 17 12.857 I 20145 | =

11 831 ol | 21| 19| 39 12.364 51 [ 22124 ] 45 12.866 5511920 | 45
11 842 \ 45| 19 | 24 | 48 12.375 33| 24| 27| 30 12 879 5113330 36
11 846 42 1 30 | 33 | 39 12.381 39 | 27 | 36 | 42 12.891 45| 24| 33 | 48
11 852 ‘ 48 | 27 | 24 | 36 12.389 51 (19| 18 | 39 12.896 45 [ 17 1 19 { 39
11 863 33 | 17122 | 36 12 397 45 22 | 20 { 33 12 904 30 1 17 | 27 | 48
11.868 l 36 | 21 |1 27 | 39 12 409 39| 2221130 12 919 3019|2733
11.875 I 51 | 17 | 19 | 48 12.418 60 | 18 | 19 | 51 12 923 42 | 20 | 24 | 39
11.883 55 | 2¢ | 21 | 36 12.423 51120119 | 39 12 929 48 | 27 | 24 | 33
11.889 | 48|19 | 24 | 51 12 434 42 | 19 | 27 | 48 12 941 22 | 45 17
11 895 42 | 27 | 39 | 51 12.440 55120119 | 42 12.952 5012124 45
11.900 51 1201 21 | 45 12.449 55|27 | 22| 36 12 963 55| 27121133
11.905 45 | 27 | 30 | 42 12.457 45| 17 | 24 | 51 12.981 45 | 24 | 27 | 39
11 912 36 | 17 |1 27 | 48 12 462 36 | 20|27 | 39 12.991 48 | 18 | 19| 39
11 917 30 (30| 33 | 36 12 467 51120 | 22| 45 13.000 39 | 36 30
11922 |48 |17 |19 |45 || 12472 |55 |21 |20 |42 || 13017 |45 22|21 (33
11 932 42 [ 22 | 30 | 48 12 479 33|17 | 27 | 42 13 026 36| 19 | 33 | 48
11 939 39| 2127 | 42 12 487 55119 | 22 | 51 13.032 361172439
11 946 33117124 | 39 12.500 45 | 33 | . 36 13.040 51 | 22 (27 | 48
11.953 51 | 24 | 27 | 48 12.513 39 | 22 ( 36 | 51 13.061 48 | 21 | 24 | 42
11 963 51 | 18 | 19 | 45 12 526 51119 | 21 | 45 13.072 G0 | 18 | 20 | 51
11.973 48 | 21 | 22 | 42 12 536 55 | 27 | 24 | 39 13.080 42 1 17 | 27 | &1
11 983 55 | 18 | 20 | 51 12 544 3011922 36 13.095 45 | 27 | 33 | 42
11.987 51 | 24 | 22 | 39 12 549 48 | 18 | 24 [ &1 13.109 39 | 21| 36| 51
12 000 36 139 | . 30 12 557 39 | 33 | 51 | 48 13.117 36| 1927 |39
12.004 55121122 48 12 564 12|18 |21 | 39 13.125 42 | 24 | 36 | 48
12 017 30| 21| 33 | 51 12.571 36 | 213345 13.131 39 |27 |30 ] 33
12.024 33119127139 12 582 55 | 18 | 21 | 51 13 149 45 | 22 | 27 | 42
12 031 42 | 24 | 33 | 48 12.587 45 |1 33 | 36 | 39 13.162 42 127 1 33 | 39
12 037 39127 130 | 36 12.593 51| 27 | 24 | 36 13.176 42 | 17 | 24 | 45
12 042 51 1 20| 17 | 36 12 600 42 [ 20 | 27 | 45 13.181 55 | 18 | 22 | 51
12 053 85 | 17 1 19 | 61 12 606 39 | 33 [ 48 | 45 13.187 36 | 21 | 30 | 39
12 057 36 [ 191 21 | 33 12 618 55 [ 19| 17 | 39 13.195 39 | 19 | 27 | 42
12 063 60 | 21 | 19 | 45 12.632 20145 .. 19 13.200 36 | 20 | 33 | 45
12 074 30 [ 191 30 | 51 12 639 42 |1 27 | 39 | 48 13.209 39 [ 171 19| 33
12 088 33 |21 )30 39 12 656 45120 | 27 | 48 13.217 42 |1 22 | 27 | 39
12 095 855124119 | 36 12 662 39 [ 22|30 |42 13.223 48 | 22 |1 20 | 33
12101 48 | 21 | 27 | 51 12.667 60 | 20 | 19 | 45 13.233 48 | 19 | 22 | 42
12.108 30 [ 17 | 19 | 36 12 675 51 (10|17 | 36 13.241 39 {27133 | 36
12 115 42 | 24 | 27 | 39 12 687 55 | 17 | 20 | 51 13.247 51 | 22| 24 | 42
12121 60 [ 22| 20 | 45 12 692 45130 | 33 | 39 13.263 42 119 | 27 | 45
12.133 42 | 30 | 39 | 45 12.698 48 | 27 | 30 | 42 13.268 55 (19| 22 | 48
12.149 42 22| 21133 12 706 36 | 17 | 27 | 45 13.281 51| 24|30 48
12.179 60 [ 24 | 19 | 39 12.721 51 [ 21| 22|42 13.287 48 | 17 | 24 | 51
12.188 30| 22| 33| 48 12.727 42 136 | .. |33 13.295 39 (221 36 | 48

_12.201 45 | 19 | 17 | 33 12 731 55124] 20| 36 13.303 42 | 17 | 21 | 39
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CINCINNATI DIAL TYPE MILLING MACHINES

TABLE OF LEADS 13.322 to 15.231)

Lead of | L-e.;x_dﬁr } Lead of
Spiral A|B|C]|D Spiral AlB]C|D Spiral A|B|C
in Inches in Inches | 7‘ u in Inches |

13.322 | 45|19 | 27 | 48 13.929 | 39|22 (33|42 14.592 39 | 21| 33
13333 |48 |33 .. 36 13.937 |42 | 17 | 22 | 39 14 599 42 | 22 | 39
13.347 |51 |22 (19|33 13.956 | 55| 17 [ 22 | 51 14.609 51 | 24 | 33
13.357 | 51 | 20 | 22 | 42 13 971 60 [ 17 | 19 | 48 14 615 60 | 20 | 19
13.368 | 55|24 |21 |36 13.886 | GO | 33 | 30 | 39 14 625 39 | 30 | 27
13.375 | 48 | 19 | 27 | 51 14 000 | 42 (36 | .. | 30 14.636 55 | 17 | 19
13 382 | 42| 24 | 30 | 51 14.0056 | 55 | 24 | 22 | 36 14 641 51

13 388 |36 |22 |27 |33 14 014 | 45 | 17 | 27 | 51 14 652 60 | 21 | 20
13.397 | 55 |20 | 19 | 39 14 020 | 39 | 18 | 33 | 51 14 661 36 | 17 | 27
13.406 | 39 | 20 | 33 | 48 14.026 | 48 | 22 | 27 | 42 14.667 55 | 20 | 24
13.421 | 51 | 19 | 24 | 48 14.035 | GO | 19 [ 20 | 45 14.682 51 | 2001 19
13.431 | 55|21 |20 |39 14.060 | 51 | 19 | 22 | 42 14 694 48 | 21 | 27
13.439 133 | 17| 27 | 39 14 066 | 48 | 21 | 24 | 30 14 706 45 | 18 | 30
13.445 | 48 | 21 | 30 | 51 14.074 | GO | 18 | 19 | 45 14 712 51 | 24 | 27
13.458 ' 51 {20 | 19 | 36 14.103 | 60O [ 24 | 22 | 39 14.727 36 | 22 | 27
13.468 | 60 | 27 | 20 | 33 14.112 | 39| 19| 33 | 48 14 737 42 1 19 | 30
13474 | 48 | 19 | 24 | 45 14.118 | 24 | 48 17 14.748 39 | 12 | 27
13.481 | 42|27 |39 | 45 14.141 42 | 27 | 30 | 33 14 752 51 )22 21
13.492 | 51 | 27 | 30 | 42 14 152 | 55 | 19 | 22 | 45 14.769 48 | 20 | 24
13.500 | 27 142| . |20 14 161 45 | 22 | 27 | 39 14 774 55121 |22
13.509 | 42 |19 | 22 | 36 14 167 | 51 | 24 | 30 | 45 14 790 48 | 21 | 33
13523 |51 | 24|21 33 14.182 | 39 | 30 | 36 | 33 14 803 45 | 19 | 30
13.534 | 36 ;10 | 30 | 42 14 211 27 | 42 19 14.808 42 | 24 | 33
13.542 | 45 | 27 | 39 | 48 14.219 | 42 | 24 | 39 | 48 14 815 55 | 27 | 24
13.571 | 60 | 20 | 19 | 42 14.226 | 42 | 17 [ 19 | 33 14.824 42 | 17 | 27
13.580 | 55 g 251 48 119 | 22 | 39 14.835 45 | 21 | 27
13600 |51 /20|24 45 14 259 | 42 | 27 [ 33 | 36 14 841 51| 27 | 33
13.611 42 | 18 | 21 | 36 14 266 | 51 | 22 | 24 | 39 14.850 33120 27
13.622 [ 55119 | 24 | 51 14.286 | 30 | 39 5 | 21 14.861 48 | 19 | 30
13.636 | 45 | 36 33 14.300 | 39|20 |33 45 14.875 51 | 20 | 21
13.660 | 55117 | 19 | 45 14.316 | 51 | 19 | 24 | 45 14 886 55| 18 | 19
13.670 | 55 (19| 17 | 36 14.338 | 45 | 24 | 39 | 51 14.890 45 | 17 | 27
13 675 | 48 | 27 | 30 | 39 14.344 | 51 | 20 | 27 | 48 14,896 39 | 36 | 33
13.684 | 39 | 19 | 30 | 45 14 351 39 | 33 | 51 | 42 14.903 51 [ 22|27
13.700 | 51 [ 21 | 22|39 14 359 | 42 | 27 | 36 | 39 14 928 30| 19| 24
13 714 ' 48 | 21 | 27 | 45 14.379 | 55 | 18 | 24 | 51 14 938 655 1 27 | 22

<

<o

[3&]
3
12
e
2
(=2}
o
F=Y

13.719 | 55 | 21 { 22 | 42 14 385 | 51 | 30 | 33 | 39 14.945 51 | 21| 24
13 725 | 45 ‘ 27 | 42 | 51 14 394 | GO | 24 | 19 | 33 14 954 51|18 1 19
13.731 | 5112012139 14,400 | 48 | 20 | 27 | 45 14,966 55| 21 | 24
13.737 |51 |27 | 24 | 33 14.405 | 55 | 20 | 22 | 42 14.973 42 | 17 | 20

13.750 | 33 | 42 24 [ 14.412 |42 (17 |21 |36 || 15.000 |45 |36 | ..
13756 48117 19 39 || 14423 |45 |24 30|39 |[ 15038 | G0 | 19|20
13.765 39 17 |27 |45 || 14.429 | 55|18 (17 |36 || 15043 | 48|27 |33
13776 45 2127 |42 || 14.436 |48 |19 (24|42 || 15083 |39 | 1933

18788 | 421 36 139 {33 | 14.444 |39 |36 .. |27 || 15089 | 48|17 |24
13.804 | 48|17 |22 145 | 14.453 | 51| 19|21 |39 | 15.072 (45|19 | 2]
13.816 |42 16|30 |48 | 14464 | 45|20 (27 |42 [ 15079 |60 (21|19
13.623 1551211936 || 14474 55|19 24|48 | 15098 |55 17 | 2I
18.841 |60 | 17 {20 51 [ 14.480 |48 |17 |20 |30 || 15105 | 48|22 | 27
13.846 | 48 124 1 27 | 39 |l 14489 |51 | 22| 30| 48 15111 | 51 | 30 | 24
13853 148 |21|20|33 || 14504 |39 |22|27 |33 (| 15126 |45 21|36
13.866 {45 | 21 | 33 | 51 14514 | 55|20 1936 15.152 | 45 | 33 | 30
13878 151121 |24 42 | 14530 |51|27|30(39 [ 15158 |48 19|27
13.884 142122 | 24 33 || 14.538 |42 | 20|27 |39 [ 15.167 |42 |36 |39
13.889 145127 1 30 | 36 || 14.545 | 48 | 36 33 || 15.179 |51 |24 | 30
18.897 142117127148 || 14550 |55|27 |30|42 || 15.195 |30 (22|36

13.904 1 59 | 17 120 | 33 || 14550 |36 |17 |33 |48 || 15200 |42 |17 | 24
12909 |51 30 | 27
13.919 [ 6o l21 |9




OO0 @ P

TABLE OF LEADS, STANDARD DRIVING MECHANISM

—————— e - e — —:}\:\
TABLE OF LEADS <15 241 to 17.550)
Lead of ’ Lead of ’ Tond of
spil [A|B|C|D spial | A |B|C ’ D Spil |A|B|C|D
in Inches \ in Inches ! | in Inches
| | | i

15241 | 45|17 |10 |33 || 15986 60|17 |10]a2 || 16783 |48 22 30|30
15 256 51 | 18 1211 39 15.983 5112713339 16.794 39 [ 1927 | 33
15.273 42 | 33 | 36 | 30 16.000 48 | 36 . | 30 16.800 42 [ 20 | 36 | 45
15.278 55 | 24 | 24 | 36 16 032 36|19 | 33 | 39 16.806 55130 (33| 36
15 294 42 | 21 | 39 | 51 16 042 42 | 36 | 33 | 24 16.813 51 | 212739
15 300 51 | 20 ’ 27 | 45 16 049 5112212739 16.824 39 117 | 33 | 45
15 306 45 | 21 | 30 | 42 16 071 | 45 | 24 | 36 | 42 16.837 452133 | 42
15 311 48 (19| 20 | 33 16.082 '55| 19|20 | 36 16.845 451 22 | 42 | 51
15 321 39 | 20 [ 33 | 42 16.105 5111927 | 45 16 852 42 |1 36 | 39 | 27
15.338 51 I 19 | 24 | 42 16 117 5512124 39 16.859 51 122 | 24| 33
15 354 48 | 18 | 19 | 33 16.127 55 | 18| 19 | 36 16.875 45 (24| 27| 30
15 385 45 | 39 | 36 | 27 16 134 48 | 21 | 36 | 51 16.886 55|19 21| 36
15 395 39 1 19 | 36 | 48 16.150 511201 19| 30 16904 42 1 19| 39 | &1
15.400 42 120 | 33 | 45 16.162 48 | 33 | 30 | 27 16.917 45119 ] 30 | 42

15.407 |30 | 27 | 48 | 45 || 16176 |55 |17 (24|48 | 16.923 |55 20| 24|39
15429 |36 | 21 [27 |30 || 16.190 |51 |21 |30 |45 || 16.947 55| 17|22 42
15439 | 55|19 |24 |45 || 16200 |36 |20 |27 |30 | 16.970 |42 33 36|27
15441 |42 (17 |30 (48 || 16211 |42 |19 (33|45 | 16.985 |42} 17 33| 48
15.455 | 51 | 36 33 || 16239 |60 |18 |19 |39 || 17000 |51 (36| .. |30
15 469 20 |33 |48 || 16.250 |30 (36| .. |24 || 17017 | 45|17 |27 |42
15476 | 45 |27 |39 | 42 || 16.257 |48 |17 [ 19|33 [l 17.028 |55 19|30 | 5l
15.502 | 36 |19 |27 (33 || 16.283 |55 | 10|27 |48 | 17.045 | 4533 )30 2
15513 |55 |20 | 22|39 || 16290 |36 |17 |30 |39 | 17.053 |36 |19} 27|30
15529 | 36 |17 | 33 | 45 || 16296 |48 | 27|33 36 | 17.063 | 422033 ) 43
15647 |48 |19 | 24 |39 || 16.313 |51 | 18|19 (33 | 17.076 | 55|17 |19 | 36
15.556 | 42 |36 | . |27 | 16°327 |48 |21 30|42 || 17.081 51192133
15571 |45 |17 |30 |51 || 16333 |42 |18|21 |30 | 17.09 |60 | 273039
15577 |45 |20 |27 |30 | 16346 |51 | 24|30 |39 | 17.105 |39 | 1930 36

e
[$4]

15.587 | 55 | 19 | 21 | 39 16.364 | 36 | 39 | . 22 17.112 48 | 17 | 20 | 33
15 600 | 39 | 20 | 36 | 45 16 370 |39 | 27 | 51 | 45 17.128 45 | 17 | 33 | 8]
15 612 | 51 | 21 | 27 | 42 16.387 | 45 | 21 | 39 | 51 17.143 36|39 ..]2

15,620 | 42 | 22 | 27 | 33 16.397 | 45 | 19 | 27 | 39 17.172 5113313027
15625 | 45 | 36 | 30 | 24 16.404 | 51 | 19 [ 22| 36 17 182 42 122127130
15 632 | 33|19 | 27 | 30 16.410 | 48 | 27 | 36 | 39 17.195 60 | 17 | 19 | 39
15 642 | 45| 22 | 39 | 51 16.421 39 11936 |45 17.206 39 | 17 | 36 | 48
15 658 | 51 | 19 | 21 | 36 16.450 | 60 | 21 | 19 | 33 17 2256 36 | 19 | 30 | 33
15,870 | 55 | 27 | 30 | 39 16 471 42 | 17 | 30 | 45 17.236 55 | 27|33 39

15 686 | 48 [ 18 | 30 | 51 16.484 | 45 | 21 | 30 | 39 17.255 55 | 17 | 24 | 45

15.692 | 51 | 20 | 24 | 39 16.500 | 33 | 36 | . 20 17.273 51 | 17 | 19 | 33
15.714 | 48 | 24 | 33 | 42 16.508 | 48 | 27 | 39 | 42 17.308 45124 | 36 | 39
15724 | 33 | 39 21 16.518 | 51 | 19 |24 [ 39 17.316 60 | 21 | 20 | 33

15 734 451221 30 | 39 16.529 60 | 22| 20 | 33 17.326 36 | 17 | 27 | 33
15741 | 51 | 27 | 30 | 36 16.544 | 45| 17 | 30 | 48 17.333 | 48 | 36 | 39 | 30
15750 42 1 24 | 27 | 30 16.558 51 | 22 | 30 | 42 17.347 51 | 21| 30| 42
15.762 55 | 17 | 19 | 39 16.579 42 |19 | 36 | 48 17.355 42 1 33 | 30 | 22
15 772 39|17 | 33 | 48 16.593 42 | 27 | 48 | 45 17.368 33139 ..119
15.789 3042 .. | 19 16.609 | 48 | 17 | 30 | 51 17.376 48 117 [ 24 | 39
15817 | 55| 17 | 22 | 45 16.615 | 48| 20 | 27 | 39 17.386 | 51 | 24 | 27 | 33
15824 | 48|21 |27 |39 || 16.623 |48 |21 | 24|33 17.411 |45 | 24 | 30 | 42
15.833 | 51 | 17| 19 | 36 16.639 | 36 | 17 | 33 | 42 17.421 | 55|17 | 21 | 39

15865 | 45 | 24 | 33 | 39 || 16.667 | 45|36 | .. | 27 17.439 | 42| 17| 36 | 51
15873 |53 (21 |20 |33 | 16,684 |48 |22 39 |3l 17.455 | 48 | 33 | 36 | 30
15 882 | 27 | 42 17 || 16.696 |51 | 24|33 |42 17.471 (33|17 | 27| 30

15 889 30 | 3 3 27 16 714 39 | 20 | 36 | 42 17.479 48 | 21 | 39 | 51
15 909 | 42 3(9). 38 24 16.725 | 39 |19 | 22 | 27 17.490 48119 | 27 | 39
15.918 | 39 | 21 | 36 | 42 16.736 | 45| 22| 27 | 33 17.500 | 42139 | .. |24
15.928 48 [ 17 | 22 | 39 16.762 48 1 21 { 33 | 45 17.531 51 | 20| 33 | 48
15,938 | 51 | 20 | 30 | 48 16.776 | 51 | 19 | 30 | 48 17.540 39| 27151 | 42

15.955 | 39 | 22 | 27 | 30 ' 17.550 |39 (202730
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Lead of
Spiral | A } B ’ C ’ D

in Inches |

[l'in Inches

Le ad of |
Spiral

|
17.582 | 48 | 21
17.593 | 60 | 18
17.600 | 48 | 20
17.622 | 42 | 30
17.630 | 42 | 27
17.647 | 30 | 30
17.654 | 51 | 20
17.662 | 51 21
17 679 | 45 |
17.690 |55 | 19
17708 | 51 | 24
17.727 | 39 | 36
17.763 | 45 | 19
17,778 | 48 | 33
17.810 | 51 | 2
17824 |55 18
17 832 | 51 | 22
17 843 | 42 | 18
17 851 | 48 | 22
17.857 | 60 | 24

17.875 | 39 | 30
17.898 | 45 | 22
17.919 | 36 | 17
17.949 | 45 | 39
17.959 | 48 | 2]
17.968 | 42 | 17
17.981 | 51 | 24
18 000 | 36 | 39
18.006 | 55 ;24
18025 |39 |17
18 030 | 51 18
18 045 | 48 | 19
18.056 | 45 | 36
18.086 | 42! 19
18.092 | 55| 19
18.100 | 60 | 17
18.111 | 45 {19
18118 |42 | 17
18132 | 45 | 2]
18.151 | 48 | 17
18182 | 48 | 33
18.200 | 42 920

18.219 | 45| 19
18.250 | 55 | 17
18.270 | 45 | |7
18.286 | 48 | 2
18308 | 42 | 3
18.326 | 45 | 17

18.333 55 | 33
18.353 | 39 | 17
18.367 | 45 | 21
18373 48 | 19
18.384 | 42 | 33
18.409 | 45 | 22
18.421 | 55 | 19
18.454 | 51 | 19
18.462 l 48 | 24
18 474 ' 3919

18.487 | 55 | 17

I 30

| 19 13u

| 33 |
30

51

I 27
24
h 33

30
36

33
21
30
| 39
| 27
30
33
42
33
| 42
33
24

33

i 33
33
| 21
| 30
| 39
| 27
I 30
| 20
| 39
| 33
| 33
| 97
| 30
| 39
30

29

33

36

| 51

B

ib |

45
22
45
17
39
33
42
36
36
22
48
27
45
36
39
51

| 36 !42

_”19 444

a
18 519
18 529
18 545 |
18 571 | 3
18 583 |
18 595
18.609 |
18.627 |
18 660
18.673
18.685 |
18 700 |
18 707
18.731 |
18.750 | -
18 770
18 803 | 5
18 816 |
18.824
18857 |
18.873
18881
18.889
18.900
18.909

18.947 | ¢

18 958
18 967
18 994

19 031 |
19 038 |
19.048 |
19 059 | 3
19 082 | 5
19091 |
19.097 |
19.118 |
19 125

19.139

19 145

19.158 |
19.173

19.192 |
19 206

19 231 |
19 243
19.250
19 259
19.286 |
19 298

19.319
19. 341
19.378
19.385
19.394
19.412
19 429
19.433

=
A ‘ B|C
|

| 27 | 30
42 | 17 | 36
51 (30 | 36
30 36| .
51 119 | 27
45 | 22 | 30
45|19 | 33
60 | 17 | 19
39 | 19 | 30

60

| 85 | 27 | 33

45 | 17 | 36
51 1 20 | 33

| 55 1 21 | 30

45 | 22 | 36

i O
vt
DO —
o=~
ool
WO

D

36
48
33
u)l
3‘)

30

21

‘)l
18

22
19

“L

I el ul Of
Spiral A
in Inches |
19 479 51
19.500 39
19.522 51 |
19.548 48
19 556 48
19 592 48
19 608 GO
19 615 | 51 |
19 636 48
19.643 33 |
19 664 39
19 684 51
19 697 45
19 732 51
19.744 42
19.765 42
19 780 45
19 800 36
19 810 48
19 835 48
19 850 48
19 861 39
19 870 51
19 895 42
19 910 55
19 922 45
19.931 48
20 000 48
20.040 45
20 074 42
20 096 42
20 132 51
20 147 55
20.167 55
20 192 45
20.202 60
20 211 48
20 222 42
20.238 51
20 250 45
20.260 39
20.301 45
20 321 60
20.342 42
20. 362 45
20.370 55
20.392 48
20.400 51
20 408 60
20 433 55
20.455 45
20 463 51
20.513 45
20.526 39
20 535 48
20.549 51
20.571 48
20.578 55
20.588 55

36

39
.i()

.30
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TABLE OF LEADS (20.606 to 24.740)

| I Lead of 1 Lead of [
Spiral | A ‘ B|C | D | Spiral |A|B l c|p Spiral |A|B|C|D
in Inches I I 1] 'in Inches \ Il in Inches ‘ ke
20 606 | 51 | 33 | 36 } o7 || 21.857 | 51|21 o7 ‘ 30 || 23.214 |45 36|30 |2
20625 | 4530 | 33 | 24 || 21.862 | 45 | 19 |36 (30 || 23253 | 48|17 | 42 | 51

20 635 |39 | 21 |30 | 27 21.875 | 45 | 36 | 42 | 24 23.269 | 55 | 20 | 33 | 39
20.648 | 51 | 19 | 30 | 39 21.895 | 48 | 19 | 39 | 45 232949 |36 17 | 33 | 30
20.670 { 48 | 19 | 27 | 33 21.962 | 51 |19 |27 | 33 23.320 |48 )19 | 36 | 39
20,682 | 42 | 33 | 39 | 24 21.978 |60 | 21 | 30| 39 23.333 | 42|36 .. |18
20,706 | 48 | 17 | 33 | 45 22.000 | 48 |30 ! 33| 24 23.375 | 51 |30 |33 |24
20.719 1 51 | 20 | 39 | 48 22.028 | 45 | 39 | 42 | 22 23.400 | 39 |30 | 36 | 20
20 741 48 | 36 | 42 | 27 22.037 | 42| 27|51/ 36 23.437 | 45| 24|30 | 24
20 769 ‘ 45 | 20 | 36 | 39 22.059 | 45| 17 | 30 | 36 23.459

<~
oo
—
=}
o
=)
o
3%

20778 | 51 | 30 | 33 | 27 22.068 | 39 | 36 | 55 | 27 23.487 | 51 | 19| 42 | 48
20.798 | 45 | 17 | 33 | 42 22.078 | 51 | 21|30 33 23.504 | 55 | 18|30 | 39
20.805 | 48 | 19 | 42 | 51 22.105 | 42 [ 36 | . 19 23.529 | 55 | 17 | 24 | 33
20 816 | 51 | 21 | 36 | 42 22.154 | 48 | 20 | 36 | 39 23.538 | 51 | 20 | 36 | 39

20 826 42 | 33 |36 | 22 | 22185 |48 |17 |33 |42 | 23579 | 48|10 42| 45
20 833 jsu 24 || 22.222 |48 |36 |45 |27 || 23611 | 51|27 |30/ 24
20 842 30 (33|19 || 22235 |42 |17 |27 |30 || 23636 | 48|33 |30 | 24
20856 |39 |17 (30 |33 || 22243 | 55|17 |33 |48 || 23684 [45|33|.. |19
20 864 | 51 |22 | 27 |30 || 22262 |51 |21 (3336 || 23725 |55 17|22 (30
20 905 | ‘.ss 39 || 22.286 |39 (30|36 |21 | 23.765 | 42|27 55|36
20934 | 55|17 (33 |51 || 22313 |51 |20 | 42|48 || 23800 |51 |20 |42/ 45
20 952 | 48 | 21 |33 | 36 || 22.323 |51 |33|30|27 | 23810 |45]|21|30]27
20979 | 60 | 22 |30 | 30 || 22344 |39 | 24|33 |24 || 23824 | 4517|2730
21 000 | 42 | 39 20 || 22'368 |51 |19 (30|36 || 23.833 |30 |27 (33|20
21010 | 48 | 33 (39 |27 | 22392 |30 |33036|10 || 23'864 |45/ 33| 42 | 24
21029 39|17 33|36 || 22400 | 48|20 | 42| 45 || 23.891 | 48! 17 (33|39
21.053 | 55| 19 | 24 | 33 || 22.418 |51 |21 |36 |39 || 23947 |42 |19 (30| 36
21074 | 51 | 22 (30|33 | 22,449 | 55|21 (36|42 || 23974 |51 |18 33|39

21 099 | 48 | 21 | 36 | 39 22.460 | 42 | 17 | 30 | 33 24.000 |48 | 33| .. |20
21 154 | 55 | 20 | 30 | 39 22 500 | 45| 36 | . 20 24.040 | 51 | 33 |42 27
21.176 | 36 | 39 17 22 551 51 |21 )39 | 42 24.063 |42 |24 |33 | 24
21 212 ' 45 | 33 | 42 | 27 22.564 | 48 | 18 | 33 | 39 24 074 | 55| 27 | 39 | 33

21.228 | 55|19 |22 30 22.579 |39 |30 |33 19 24.115 | 4233|3619
21.250 | 51 | 33 24 22.588 | 48 | 17 | 36 | 45 24.123 | 55|19 30 | 36
21,273 | 39 [ 30 | 36 | 22 22.626 | 42 | 27 | 48 | 33 24.158 | 51| 19|27 | 30
21 316 | 45 | 19 | 27 | 30 22.667 | 51 |30 |36 | 27 24.176 | 55| 21 | 36 | 39
21.333 | 48 | 30 | 36 | 27 22.689 | 45 | 17 | 36 | 42 24.202 | 48 | 17 | 36 | 42
21.377 | 48|19 | 33 | 39 22.698 | 39 (27 |33 |21 24.231 | 45| 20 | 42 | 39
21.389 | 42 | 27 | 33 | 24 22.713 | 51 (19| 33| 39 24.242 | 48 | 33 | 45 | 27
21.399 | 51|22 | 36| 39 22,727 | 45| 27 | 30 | 22 24.265 | 55 | 17 | 36 | 48
21.412 | 42 | 17 | 39 | 45 22.737 |48 (19|27 | 30 24.286 |51 133 | .. 21
21 429 | 45 | 36 | . 21 22,744 | 55| 19 | 33 | 42 24.292 | 60 | 19 | 30 | 39
21 450 | 39 | 30 | 33 | 20 22.750 | 42 | 30 | 39 | 24 24.316 | 42 {30 | 33| 19
21.474 | 51 | 19 | 36 | 45 22.768 | 51 | 21 | 45 | 48 24.375 | 45| 30 | 39 | 24
21 507 | 45 | 17 | 39 | 48 22.805 | 42|17 |36 39 24.402 | 51 | 19|30 | 33
21.526 | 51 | 22 | 39 | 42 22.837 | 55|17 | 36 | 51 24.434 | 45| 17 | 36 | 39
21.538 | 48 | 24 | 42 | 39 22.857 48|33 | .. |21 24.444 | 55 | 30 | 36 | 27
21 577 | 51 [ 20 | 33 | 39 22,885 |51 | 2414239 24.4M 48 | 17 | 39 | 45
21.592 | 48|17 | 39 | 51 22,909 | 42 (30 | 36 | 22 24.494 | 55|19 | 33 | 39

21.607 | 55 | 20 | 33 | 42 22.917 (55|30 .. | 24 24.519 | 45| 24 | 51 | 39
21 636 | 51 | 33 | 42 | 30 22.941 (39 (36| .. (17 24.545 | 45|30 36 | 22
21.654 | 48 | 19 | 36 | 42 22.967 |48 |19 (30| 33 24.561 | 42 | 19 | 30 | 27
21.667 (3936 .. 18 23.008 |51 |19 [ 36 |42 24.580 | 45 | 17 | 39 | 42

21.711 | 55 | 19 | 36 | 48 23.021 {51 | 24|39 |36 24.605 | 51119 33| 36
21.719 | 48 [ 17 | 30 | 39 23.077 | 48 | 24| 45| 39 24 615 | 48 | 21 | 42 | 39
21.795 | 61 | 18 | 30 | 39 23.100 | 42 (30|33 |20 24.632 |39 1303619

21.809 |51 |19 |39 |48 | 23111 |48 |30 39|27 24.706 |42 36| .. |17

21.818 |48 |33 | .. |22 | 23158 |55| 19| 24| 30 24.727 |48 | 22|51 | 45

21.825 | 55121130136 | 23.182 |51 133/ .. |22 24.740 | 55|17 | 39 | 51
————————[ll] |e—————
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TABLE OF LEADS (24.750 to 30.390)
Teaor T | | | | Ledel Lead of -
Spiral A * B ‘ cC| D Spiral A|B|C|D Spiral A 1 B|C|D
in Inches ‘ in Inches | | - i\_lnches

26750 | 45|30 |33 |20 || 26.353 |48 |17 |42 |45 || 28.373 |55|21 (30|36

24.762 | 39| 27|36 21 26.374 | 48 | 21 | 45 | 39 28.421 | 45|30 | 36 | 19
24.777 | 51| 10| 36 | 39 26.400 |48 !30 ]33 |20 28.437 | 42 | 24 | 39 | 24
24.793 | 60 | 22|30 | 33 26 442 | 45 | 24 | 55 | 39 28.507 | 45 | 17 | 42 | 39
24.826 | 5524|3936 26.471 | 45|36 | .. |17 28.519 | 55 ( 27 | 42| 30

24.887 | 55|17 (30| 39 26.494 | 51 | 33 | 36 | 21 28.547 | 55 | 17 | 45 | 51
24 914 | 48 | 17 | 45 | 51 26.526 | 42 | 30 | 36 | 19 28.571 48 | 21 | 30 | 24
24.925 | 51 (19|39 | 42 26.535 | 55 | 19 | 33 | 36 28.636 | 45 | 30 | 42 | 22
24.935 | 48|33 | 36| 21 26.591 45 | 30 | 39 | 22 28.676 | 45 | 36 | 39 | 17

24.965 |51 |22)42)|39 26.644 | 55 | 17 | 42 | 51 28 701 51 (33|39 |21
25.000 | 51|17 | 30 | 36 26.667 | 48 | 36 18 28.718 | 48 | 18 | 42 | 39
25027 |39 |33]|36]|17 26.714 | 51 | 30 | 33 | 21 28.737 | 42 |30 | 39| 19
25.053 | 51|19 | 42 | 45 26.748 | 51 | 22 | 45 | 39 28.759 | 51 | 19 | 45 | 42

25.088 (3927|3319 '26.765 | 42| 36 | 39 | 17 28.810 | 55|30 | 33| 21
25114 | 51 | 33 | 39 | 24 26.786 | 45| 21 | 30 | 24 28 875 | 42 | 24 | 33 | 20
25143 | 48 | 30 | 33 | 21 26.812 | 39|24 |33 |20 28.889 | 48 | 27 | 39 | 24
25.175 | 48 | 22 | 45 | 39 26.842 | 51 | 33 19 28.907 | 51|19 | 42| 39
25.200 | 42 [ 30 | 36 | 20 26 880 | 55 | 19 | 39 | 42 28.947 | 45|27 (33 | 19
25.210 | 60 | 17 | 30 | 42 26.952 | 42 | 33 | 36 | 17 28 977 | 51 | 24 |45 | 33
25235 |39 |17 ]33 |30 26.984 | 51 | 21 | 30 | 27 29.079 | 51 |19 | 39 | 36
25.263 | 48 |33 | .. |19 27.000 | 45| 30 | 36 | 20 29 091 48 | 33 | 42 | 2]
25278 | 42 |27 | 39 | 24 27.018 | 42|27 |33 |19 29 101 55 | 21 | 30 | 27
25289 | 51 |33 |36 | 22 27.045 | 51 | 33 | 42| 24 29.118 | 45| 17 [ 33 | 30
25.325 | 45|33 |39 |21 27 068 | 48 | 19 | 45 | 42 29.143 | 51 | 30 | 36 | 21
25.385 | 60 | 20 | 33 | 39 27.083 | 55|24 | 39| 33 29.167 | 45 | 27 | 42 24

25.397 |48 21| 30| 27 27.149 | 60 | 17 | 30 | 39 29.198 | 42 | 33 |39 | 17
25412 | 48 | 17 | 27 | 30 27.176 | 42 | 17 | 33 | 30 29.221 45|21 | 30| 22
25420 | 55 (17 | 33 | 42 27.206 | 48 | 19 | 42 | 39 29.250 | 45 | 30 | 39| 20
25.455 | 48 | 33 | 42 | 24 27.273 | 48 | 33 | 45| 24 29.282 | 51|33 |36 (19
25463 | 55 ( 27 | 30 | 24 27.300 | 4230 | 39 | 20 29.333 | 48|27 (33120
25.490 | 39 | 17 | 30 | 27 27.368 |39 |27 |36 | 19 29.412 | 60 | 17 | 30 | 36
25.500 | 51 | 33 20 27.397 | 51133 |39 |22 29.423 | 51 | 20 | 45| 39

25.536 (39 |24 (33|21 27.429 | 48 | 30 | 36 | 21 29.474 | 42 | 27 | 36 | 19
25.568 | 45|24 |30 | 22 27.462 | 51 | 20 | 42 | 39 29.504 | 51 | 22| 42 | 33
25 641 | 60 | 18 | 30 | 39 27.500 | 55133 .. (20 29.526 | 51 |30 (3319
25 658 |45 |36 | 39 | 19 27 529 |39 |30 |36 | 17 29.545 | 45| 27 | 39 | 22
25.668 |48 [ 17 [ 30 | 33 27.560 |48 |33 | 36 | 19 29.605 | 45| 19 | 30 | 24

25.714 | 45 | 30 | 36 | 21 27.576 | 42|27 | 39 | 22 29.630 | 48 | 18 | 30 | 27
25.758 | 51 | 27 | 30 | 22 27.632 | 45| 19 | 42 | 36 29.657 | 65 | 17 | 33 | 36
25.785 | 48 | 33 | 39 | 22 27.692 | 48 | 20 | 45 | 39 29.683 | 51 | 27 [ 33 | 21

25837 |45 (33 (36|19 || 27731 | 55|17 |36 |42 || 29.714 | 48|30 |39 | 21
25846 |48 |20 (42 (39 || 27.755 |51 |21 |48 |42 || 29.750 | 51 {30 | 42 | 24
25.855 |55 18 |33 |30 || 27769 |48 |33 |42 |22 |[ 29.774 |36 (21|33 |1y
25.882 | 55|17 |36 |45 || 27.789 |48 |30 | 33| 19 29.792 | 55|30 | 39 | 24
25905 |51 |21 48|45 || 27.818 |51 |30 (36|22 || 29.8256 |51 |19 30|27
25.926 | 42 | 18 |30 | 27 || 27.857 | 45|30 |39 | 21 29 864 | 55 | 17 | 36 | 39
25.972 |51 |27 | 33|24 || 27.937 |48 |27 |33 |21 29.890 | 51 | 21 | 48 | 39
26.000 48 30 39|24 || 27.990 |45 |33 (39|19 30.000 | 55| 30 | 36 | 22
26.020 |51 | 21|45 42 || 28'008 |55 |27 | 33|24 30.042 | 55| 17 | 39 | 42
26.033 | 45|33 42|22 || 28.022 | 51|21 |45 39 30136 | 51 | 30 | 39 | 22
26053 |45 |30 |33 | 10 || 28.039 |55 (17 |39 | 45 || 30.144 |45 |33 | 42 | 19
26.0683 | 48 | 17 | 36 ‘ 39 || 28050 |51 |30]33]20 30.196 | 42 | 17 | 33 | 27
26.124 | 919 || 28070 | 48 | 19 | 30 | 27 30.222 | 51 | 30 | 48 | 27
26.154 |51 |21 |42 |30 || 28125 |45 |24 | 36|24 | 30.252 |48 |17 | 45 | 42
26.182 |48 |30 |36 | 22 | 28224 |39 |24|33|19 | 30.303 |60 223027
26.218 | 48 ‘ 17 | 39 i 42 || 28235 |48 36| .. |17 || 30.316 |48 30|36 19
|
|

26.250 24 || 28:283 |60 | 27 | 42 | 33 30.333 |42 |27 [ 39| 20
26.287 48 || 28.309 | 55| 17 | 42 | 48 30.357 | 51| 21|30 | 24
26.310 | 5112103936 || 28333 |51 1271331022 30.390 |39 22|36 2
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TABLE OF LEADS (30. 407 to 37.227)
Leqd of = J Lead of | Lead of |
Spiral ‘ AlBlC|D Spiral |A|B|C|D Spiral |A|[B|C|D
,”‘_“3,"“‘"," L J Sl in Inches in Inches
30 407 ‘43’ 17 | 42 | 39 32.566 | 45 | 24 33 | 19 34.895 | 51|30 3919

30450 | 55 | 17 | 48 | 51 32.579 | 48 | 17 | 45| 39 34.921 | 55| 27|36 21
30476 | 48 | 27 | 36 | 21 32.692 |51 | 18| 45| 30 35.000 |48 | 24 | 42 | 24
30.513 | 51 | 18 | 42 | 39 32.727 |51 (333617 35.049 | 55|17 | 39 | 36
30 545 | 48 | 30 | 42 | 22 32.738 | 55| 21 |30 | 24 35.065 | 45 | 22| 36 | 21
30,556 | 55 | 24 | 36 | 27 32.807 | 51(|27(33]|19 35.079 | 51|27 (392l
30 588 | 39 | 17 | 36 | 27 32.842 |48 30|39 19 35.088 | 60 | 19 | 30 | 27
30 600 | 51| 30 | 36|20 32.906 | 55| 18 | 42 | 39 35.188 | 39| 21| 36|19
30 643 | 39 | 20 | 33 | 21 32.941 | 42| 27|36 | 17 35.256 | 55 | 18 | 45 | 39
30 677 | 51 | 10 | 48 | 42 33.000 |48 |24 (33|20 35.294 | 45 | 27 | 36 | 17
30.694 | 51 | 27 | 39 | 24 33.016 |48 |27 |39 |21 35.325 | 51 |21 | 48|33
30.769 | 48 | 18 | 45 | 39 33.036 | 51 | 19| 48 | 39 35.357 | 45|21 (33|20
30.789 | 45 | 30 | 39 | 19 33.056 | 51 |27 |42 (24 35.368 | 48 [ 30| 42|19
30.802 | 48 | 33 [ 36 | 17 33.088 | 45|17 |30 | 24 35.380 | 5527 (33|19
30.882 | 45 | 36 | 42 | 17 33.117 |51 | 21|30 |22 35.417 |51 |27 | 45| 24
30.809 | 51 | 27 | 36 | 22 33.158 | 45|30 | 42| 19 35.455 | 42| 22 |39 | 21
30937 |45 | 24 | 33 | 20 33.239 | 45| 24|39 |22 35.526 | 45 (24 | 36| 19
30852 | 45 | 27 | 39 | 21 33.277 | 36|17 (33|21 35556 | 48 | 27 | 42 | 21
30.972 | 51 | 19 | 45 | 39 33333 | 55|27 |36 |22 35.588 | 55|17 | 33| 30
31023 | 42 | 94 | 39 | 20 33.369 | 48 | 33|39 |17 35.648 | 55 | 27 | 42 | 24
31.059 | 48 | 17 | 33 | 30 33.393 | 51 | 24|33 |21 35.686 |42 |27 |39 |17
3111 | 48 | 27 | 42 | 24 33.429 |30 (21362 35.700 | 51|30 42|20
31.167 | 51 | 27 | 33 | 20 33.485 | 51 | 27 |39 |22 35.714 | 60 | 21 |30 | 24
31.200 | 48 | 30 | 39 | 20 33.553 | 51| 19|30 | 24 35750 | 5520|3930
31.250 | o | 24 | 30 | 24 33.589 | 30|22 36|19 35795 |45 |24 | 42|22
31.283 | 45 | 33 | 39 | 17 33.611 | 55|27 |33]|20 35.921 | 42| 24|39 19
31.316 | 51 | 19 | 42 | 36 33.684 | 48 | 27 |36 | 19 35936 | 48 | 17 | 42 | 33
31.360 | 55 | 19 | 39 | 36 33.704 | 42|27 |39 |18 35948 | 55 | 17 [ 30 | 27
31.385 | 51 | 20 | 48 | 39 33.719 | 51 | 22|48 33 35.962 | 51 (20 | 55 | 39
31.429 | 55 | 30 | 36 | 21 33.750 | 45| 24|36 20 36.000 |51 |30 36|17
31.481 | 51 | 18 | 30 | 27 33.772 | 55| 19 | 42 | 36 36.012 |55 |24|33 |2
31500 |45 |30 42| 20 33.846 | 48 | 20 | 55 | 39 36.050 |39 (17 | 33| 2]
31.515 | 48 | 27 | 39 | 22 33.868 | 39| 19|33 (20 36.061 | 51 |27 |42 |22
31.544 | 39 | 17 | 33 | 24 33.882 | 48 |30 |36 | 17 36.096 | 45 | 17 | 30 | 22
31571 | 51 | 30 | 30 | 21 33.939 | 48 | 27 | 42| 22 36.111 | 55|27 (39|22
31.612 | 51 | 22 | 45 | 33 33.951 | 55|18 30|27 36.172 | 42| 22|36 19
31.722 | 51 | 33 | 39 | 19 33.971 |42 |17 | 33 | 24 36.184 | 55| 19| 45| 36
31.746 | 60 | 21 | 30 | 27 34.000 |51 |30 (48|24 36.364 | 48 | 27 | 45 | 22
31.765 | 45 | 30 | 36 | 17 34.048 | 55 | 30|39 |21 36.397 | 45|17 |33 |24
31.818 | 45 | 27 | 42 | 22 34.091 |55 224533 36.429 |51 (30452
31842 | 5530|3319 34.125 |42 | 24|39 |20 36.474 |42 |19 33| 20
31.875 | 51 | 30 | 45 | 24 34.163 | 51| 19| 42|33 36.491 |48 |27 |39 19
31,909 |39 | 223620 34.211 | 4527|3919 36.562 | 45| 24 39| 20
31.830 |42 |27 |39 |19 34.249 |51 |21 (5539 36.603 | 51|19 |45 |33
32.000 |48 | 21 | 42 | 30 34.286 | 48 | 24 | 36 | 21 36.667 | 55|27 (36|20
32011 55|27 |33/ 21 34.375 | 55|30 | 45| 24 36.706 | 48|30 |39 |17
32.083 |42 |18 | 33 | 24 34.412 | 45 (30|39 |17 36.818 | 45|22 |36 20
32.118 | 42 (30 | 39 | 17 34.450 | 48 | 19|30 | 22 36.842 | 55|19 | 42 | 33
32143 | 45 | 24 | 36 | 21 34.510 |48 |17 | 33 | 27 36.908 | 51| 243319
32.164 | 55|19 | 30 | 27 34.531 |51 | 243924 36.923 | 51|17 | 48| 39
32.211 | 51 30|36 |19 34.615 |51 |17 | 45| 39 36.947 (3920|3619
32.231 |60 | 22|39 |33 34.630 | 51 |18 (33|27 36.975 | 55| 17 | 48 | 42
32256 39| 19| 33|21 34.667 | 48 | 27 | 39 | 20 37.037 (60|18 |30 |27
32297 |45 19|30 | 22 34.711 |60 | 22 | 42 | 33 37.059 |45 |30 | 42|17
32.308 | 51|17 | 42 | 39 34.737 | 48|19 | 33 | 24 37.091 |51 |22!48 30
32.353 | 45| 17 |33 | 27 34.773 | 51 30|45 | 22 37.143 | 48 | 24 | 39 | 21
32.381 | 51 (273621 34.821 | 45|24 (39 (2] 37.187 |51 |24 | 42| 24
32.465 | 51 | 30 | 42 | 22 34.842 | 55|17 | 42 | 30 37.218 | 45|21 (3319
32.500 | 48 | 24 | 39 | 24 34.872 51 ' 18148139 37.227 142122(30]20
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TABLE OF LEADS

(37.240 to 46.324)

(JVFFVV&1I[NAL I\PE\anJVo'WAClH\ES

Tead of

Le;a of

Spiral AlB|C|D Spiral A|B|©C
in Inches in Inches

37.240 | 55 | 24 | 39 | 24 40.000 | 51 | 27 | 36
37.321 60 [ 19 | 39 | 33 40.071 51 | 21 | 33
37.346 | 55| 18| 33 | 27 40.104 556 | 24 | 42
37.403 | 48 | 22| 36 | 2I 40 147 42 (24 | 39
37.500 |55 |24/36]22 40.191 | 60 | 19 | 42
37.540 39|17 | 36 | 22 40.263 | 51 | 24 | 36
37 579 51 [ 30| 42| 19 40.428 42 | 22 | 36
37.632 55 119 | 39 | 30 40 441 55 | 17 | 45
37.647 | 48 | 27 | 36 | 17 40.476 | 51 | 27 | 45
37.670 | 51 | 24|39 | 22 40.519 48 | 22 | 39
37 714 48 1 21 133 | 20 40 568 51 | 24 | 42
37 745 55 | 17 | 42 | 36 40 602 45 [ 21 | 36
37.778 | 51 | 27|48 | 24 40 625 | GO | 24 | 30
37.812 55 | 24|33 | 20 40. 741 55 | 27 | 12
37.831 55127139 | 21 40 765 42 |1 17 | 33
37.853 (39|17 ]33 |20 40.784 48 | 27 | 39
37.895 |48 |30 |45 19 40.800 | 51 (20 | 48
37.917 |42 124 |39 | 18 40.909 60 [ 20 | 30
37.987 45122 39| 21 40 926 51 | 27 | 39
38.182 | 48 | 24 | 42 | 22 41.053 48 | 24 | 39
38.194 | 55|27 | 45| 24 41.143 48 | 21 | 36
38 235 45 | 27 | 39 | 17 41.176 45 | 27 | 42
38 250 51 | 24 | 36 | 20 41 212 51 | 27 | 48
38.487 45124 | 39| 19 41.250 55 | 24 | 3G
38.500 | 55|20 | 42 | 30 41.270 60 | 21 | 39
38.519 48 | 27 | 39 | 18 41.294 39 | 17 | 36
38.571 45121 | 36 | 20 41 340 48 | 22 | 36
38.596 | 55|27 | 36| 19 41 364 42 | 22 | 39
38 636 | 51 | 27 | 45 | 22 41 437 51|24 39
38.756 | 45| 22| 36 | 19 41.481 48 | 27 | 42
38772 |51 |27 39|19 41 597 45 | 17 | 33
38.824 48 | 17 | 33 | 24 41,667 55 | 27 | 45
38.857 | 51 | 30 | 48 | 21 41.684 48 | 19 | 33
38.889 60 | 24 | 42 | 27 41.711 60 | 17 | 39
38.958 | 51 | 18 | 33 | 24 41 727 51|22 306
39.000 |51 (303917 41 754 | 51 | 27 | 42
39043 | 51 | 19| 48 | 33 41.786 45| 21 | 39
39.079 | 45 | 20 133119 41 813 85127 | 39
38.187 | 42|22 (39|19 41905 | 48 | 18 | 33
39.216 | 60 1 1713001 27 41986 45| 22 | 39
39.273 48 | 22 | 36 | 20 42 000 48 | 24 | 42
39.286 | 55| 22 | 33 | 21 42.014 55 | 18 | 33
39 298 45 | 27 ‘. 42 | 19 42059 95 | 17 | 39
39.328 | 39|17 | 36| 21 42 105 48 | 27 | 45
39 375 45 1 24 [ 42| 20 42.180 51 | 21 | 33
39.394 | 60 | 22 | 39 | 27 42.308 55 | 17 | 51
39 464 51 124 | 39| 21 42.353 48 | 30 | 45
39.474 Hh ’ 19 | 45 \ 33 42.424 60 | 22 | 42
39.529 48 | 30 | 42 { 17 42.500 51 | 27 | 45
39.542 55 | 17 | 33 | 27 42 545 48 | 22 | 39
39.667 | 51 | 27 | 42 20 || 42560 | 55| 24 | 39
39.699 | 48 | 21 | 33 | 19 42 632 | 45 | 20 | 36
39.722 | 55| 27 30 | 20 42.778 | 55 | 27 | 42
39.740 | 51 | 22 | 36 | 21 42.910 | 42 | 17 | 33
39.789 | 42120 136 |19 || 42.947 | 51 | 19 | 48
39.803 | 55 | 24 | 33| 19 |l 42.969 | 55 | 24 | 45
39.819 | 55 | 17 | 48 | 39 43.015 | 45 | 24 | 39
39 845 ‘ 39 | 17 | 33 ‘19 43.052 | 51 | 22 | 39
39 886 45 I ‘>2 39 20 43.062 19 | 30

D

17
20
24
17
33
19
17

| 36
2]

2]
| 59
19
24
2]
20
17
30

29

Ll

18

in Inches

Lead of
Spiral

43 105
43 137
43 175
43 214
43 308
43.333
43 421
43.466
43 618
43 636
43 651
43.676
43 714
43750
43.797
43.923
43 985
44 000
44 074
44 118
44.136 y
44 211

44 289
44 318
44 370
44 444
44 471
44 485
44 524
44.571
44.625
44687
44.737
44,785
44.920
45.000
45.029
45 205
45.215
45,294
45.333
45.378
45455
45.474
45489
45 500
45.536

A

42
55
51
55
48

| 51

55
51
al
48
55
45
a1
60
42
51
45
48

| 24

|B

20
27
27
| 21

21
| 27
19
24
24
22
2]
17
2]
24
22
22
2]
18
27
17
18

20
24
17
27
20
17
18
21
24
24
27
22
17
22
19
22
22
17
27
21
22
20
21
20
24
19
21
22
24
24
17
21
24
20
22
18
24

45

36
42
39
36
39

42
30

30
33
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TABLE OF LEADS (46.364 to 60.662)
jT.é;l(i.Of- It Le'ul of Lead of 0[ I
Spiral | A | B|C|D || sl Al B|c|D | Spinl |A|B|C|D
in Inches | | in Inches in Inches

46 364 | 51 | 24 | 48 | 22 50.155 | 45| 19| 36 | 17 54643 | 51|21 | 45|20
46 429 | 60 | 24 | 30 | 21 50.227 |51 (22|39 18 54.678 | 55 | 19 | 51 | 27
46 561 55 | 21 | 48 | 27 50.329 | 51 (24|45 19 54.737 | 48|19 [ 39 | 18
46 588 48 | 17 |1 33 | 20 50 370 51 | 27 | 48 | 18 54 902 60 | 17 | 42 | 27
46 667 | 51 | 27 | 42 | 17 50.417 |55 (18 | 33| 20 55000 | 55|24 (48|20
46 732 86 | 27 1 39 | 17 50.526 48 | 21 | 42 | 19 55.059 48 120|391 17
46 753 48 | 21 | 45 | 22 50 649 60 [ 22 | 39 | 21 55 250 51 1201|3918
46 811 42 1 17 | 36 | 19 50.712 42 (19139 | 17 55.263 55| 22|42 19
46 875 060 | 24 | 45 | 24 50 794 60 | 21 | 48 | 27 55.462 55121]36] 17
46.925 | 45 (22|39 | 17 || 50824 |48 |20 |36 |17 55556 | 60 | 18 | 45 | 27
46 974 51 | 24 | 42 (19 50.840 55 | 17 | 33 | 21 55.588 45 | 20 | 42| 17
47 039 55 124 | 391 19 50 909 48 | 22 | 42| 18 55.636 51 (22|48 | 20
47 059 48 | 27 | 45 | 17 50.926 55 | 18 | 45 | 27 55 655 55| 245121
47 143 | 55| 21 | 36 | 20 50 980 | 60 | 17 | 39 | 27 55.714 | 60 | 21 | 39 | 20
47 222 | 51 | 27 | 45| 18 51.000 | 51| 24|48 | 20 55981 | 60| 22|39 |19
47 273 48 | 22 | 30 | 18 51.071 55 [ 21 [ 39| 20 56.000 48 | 20 | 42 | 18
47 357 | 51 | 21 | 39| 20 51.136 | 60 | 22 | 45 | 24 56.140 | 60 | 19 | 48 | 27
47 531 55 | 18 | 42 | 27 51 244 51|10 | 42 | 22 56.192 55|17 133119
47 584 51 122|391 19 51.316 55 (2239 |19 56.250 5512214520
47 619 60 | 21 | 45 | 27 51.429 48 [ 21 | 45 | 20 56.368 51120142119
47 647 45 |1 20 | 36 | 17 51.462 551 10 | 48 | 27 56.447 55120 | 39 l‘._}
47 719 51 | 27 | 48 | 19 51.562 551241 45| 20 56 471 48 | 21 | 42 | 17
47 763 551201 33119 51 618 45120139 | 17 56.618 55 | 24 | 42 | 17
47 812 51 |24 | 45 | 20 51 675 48 122 145 19 56.667 51124 |48 | 18
47 895 421191391 18 51.852 60 | IS | 42 | 27 56 746 55 | 21 | 39 l§
48 000 48 | 21 | 42 | 20 51 944 55|20 | 51|27 56.842 51 |19 | 36 | 17
48 016 55 | 18 | 33 | 21 52.000 48[ 20| 39| 18 57.143 5512248 |2
48 125 55 | 24| 42| 20 52.105 55120 | 36|19 57 273 60 | 22 (42| 20

48 148 | 60 | 18 | 39 | 27 52.159 | 51 (22| 45| 20 57.292 | 55|24 (45|18
48.176 | 42 | 20 | 39 | 17 52.342 | 51 |20 (39|19 57.353 | 55 (22|39 |17
48 230 | 48 | 22 | 42 | 19 52 381 55 | 24 | 48 | 21 57 519 | 51|21 |45( 19

48 246 | 55 | 19 | 45 | 27 52.437 |48 | 21 | 39 | I7 57.716 | 55 | 18 | 51 | 27
48 316 | 51 | 20 | 36 | 19 52 500 | 55 | 22| 42| 20 57.754 | 48|22 | 45| 17
48 403 | 48 | 21 | 36 | 17 52.574 | 55| 24|39 | 17 57.895 | 5524|4819
48.485 | 6O | 22 | 48 | 27 52. 632 |60 | 19| 45| 27 57.957 |48 | 19|39 | 17
48 529 | 55 | 24 | 36 | 17 52.941 48 | 24 | 45 | 17 58 158 | 51 | 19 | 39 | 18

48 571 51 | 24 | 48 | 21 52.987 | 51 | 22| 48 | 2] 58.235 | 55|20 (36|17
48 698 | 55 | 24 | 51 | 24 53.053 | 48| 20 | 42 | 19 58.286 | 51 |21 | 48|20
48 750 | 55 | 22 | 39 | 20 53.070 |55 | 18 [ 33 | 19 58333 |55 (22]42] 18

48.889 | 55 | 20 | 48 | 27 53.125 [ 55| 24| 51 | 22 58.437 | 55| 24|51 | 20
49 040 | 48 | 17 | 33 | 19 53 182 | 60 | 22 | 39 [ 20 58.500 | 51 | 20 [ 39 | 17
49 091 511221361 17 53 333 | 51 | 27 (48| 17 58. 514 | 45| 19 | 42 | 17
49 107 | 55 | 24 | 45 | 21 53.382 | 55 | 17 | 33 | 20 58.565 | 51 | 22|48 |19
49 123 | 60 | 19 | 42 | 27 53.472 | 55| 24 [ 42| I8 58.647 |60 21|39 19
49 160 | 45 | 21 | 39 | 17 53.498 |48 (19|36 | 17 58.824 | 60 | 17 | 45 | 27
49 211 55 | 19 | 81 | 30 53 529 |42 (18|39 | 17 58.929 | 55|21 45|20
49 263 | 48 1 20 | 39 | 19 53 571 | 55 | 22| 45 | 21 58947 |48 | 19| 42| 18
49 412 | 6O | 17 | 42| 30 53.684 | 51 | 24 | 48 | 19 59.091 |60 |22) 39|18
49.471 55|21 | 81 | 27 53 759 (55| 21 (39| 19 59.211 [ 55|22 |45 |19
49 500 | 51 | 17 | 33 | 20 53.904 | 48|22 | 42|17 59 259 | GO | 18 | 48 | 27
49.524 48 | 21 | 39 | 18 53.922 |55 | 17 | 45 | 27 59.294 | 43| 20 | 42| 17
49.583 | 51 | 24 | 42] 18 54.000 |51 )20 (36|17 59.500 |51 |20 (42|18
49.624 | 55 | 21 | 36 | 19 54.091 |51 |22 |42] 18 59.583 | 5520|3918
49.653 | 55 | 24| 39| 18 54 135 |48 |21 |45 19 60.000 | 60

49.675 | 51 | 22 | 45 | 21 54 167 | 55 [ 22 | 39 | 18 60 084 | 55

49.737 | 45( 20| 42| 19 54.276 | 55 | 19 | 45 | 24 60.287 | 60 | 19 | 42 [ 22
49.850 | 51 | 21 | 39 [ 19 54.321 |55 |18 | 48 | 27 60.395 | 51

50.000 | 55 | 24 | 48 | 22 54.334 [ 45|19 |39 | 17 60.504 | 48

50 053 48122139117 54.545 160! 22148 | 24 60.662 | 35
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TABLE OF LEADS (60.7 714 to 107.843)
Lead of | Lead of Lead of | | .
Spiral (A | B|C|D || Spiral | A | B|C|D | Spial | A B | C|D
in Inches ' in Inches ‘ i [ inInches| | | |
| ‘ |

60.714 | 55 | 22 | 51 | 21 66 873 ‘ 48 l 19 ; 40 |17 76.471 | 60 | 18 | 39 | 17
60.789 | 55| 20 42| 19 67 105 | 55 | 22 19 76.625 | 55 | 19 | 45 | 17
61 111 | 55|21 | 4218 67 380 m 17 49 22 76.692 | 60 19| 51 | 21
61.176 | 48 | 18 | 30 | 17 67 500 | 51|20 (45|17 77.005 | 60 | 17 | 48 ~ 22
61.300 |55 (1936 |17 67 554 | 55| 19! 42|18 77 193 | 55 | 19148 |18
61 364 | 51 | 22|45 (17 67 669 | 60 | 19 | 45 | 21 77 273 | 60 | 18 | 51 | 22
61.513 | 55|19 | 51 | 24 67.941 |55 (20| 42| 17 77.647 | 55 | 20 | 48 | 17
61579 [ G0 [ 20|39 | 19 68 000 | 51 |20 | 48 | I8 77 917 | 55 | 20 | 51 ] 18
61 765 | 55| 22 | 42 | 17 68.182 | 60 | 18 | 45 | 22 78 019 | 60 | 19 | 42 | 17
61 818 | 51 | 22 | 48 | 18 68 421 | 60 | 19 | 39 | 18 78 571 | 55| 21 | 51 | 17
61905 | 60 | 21 |39 |18 68 571 | GO | 20 | 48 | 21 78 947 | GO | 18 | 45 | 19
62 030 | 55|21 (45|19 68 750 | 55 | 20 | 45 | 18 79.412 | 60 | 17 | 45 | 20
62 338 | GO | 21 | 48 | 22 68.824 | GO | 20 | 30 | 17 80 000 | 51 | 18 |48 | 17
62415 |48 | 19| 42 | 17 68 900 | GO | 19 | 48 | 22 80 526 | 60 | 19 | 51 | 20

62500 |55|22|45|18 || 69.328 |55 21|45/ 17 || 80672 |60 | 17 | 48 | 21
62567 |60 (22 (39|17 | 69474 |55|20 |48 |10 || 80882 |55 18| 45| 17
82.632 |51 (19 42 18 | 69545 |60 |20 |51 |22 || 80952 | G0 | 18 | 51 | 21
62719 (5511930 |18 | 69841 |55 |21 |48 |18 | 81734 |55/ It

62745 (60|17 |48 |27 | 70.000 |60 | 20 |42 | 1S | 81 818 |60 | 17 | 51 | 22
62857 | 55|21 | 48|20 || 70098 |55 18 /30|17 | 82018 |55/ i

62963 |60 18|51 |27 || 70301 |55 |2 |51 |10 || 8235 |co| 18| 42! 17
63.000 | 51|20 |42 (17 [ 7058 |55|22|48!17 || 82500 |55 20 |51 |17
63088 |55(20 /39|17 | 70833 |55(22 |51 (18 | 82707 | 60|19 |55/ 21

63 158 | 55 | 22 | 48 | 19 71.053 | 60 | 19 | 45| 20 83.333 60 | 18 | 55 | 22
63 528 | 48 | 20 | 45 | 17 71429 | 60 | 18 | 45 | 21 83.591 60 | 19 | 45 | 17
63 636 | 60 | 18 | 42 | 22 71517 | 55 | 19 | 42 | 17 84 211 60 [ 18 | 48 | 19

63.750 | 55 | 22 | 51 | 20 71 579 | 51 | 19 | 48 | 18 84.706 60 | 17 | 48 | 20
64 167 | 55 | 18 | 42 | 20 72 000 | 51 | 20 | 48 | 17 85.000 | 60 | 18 | 51 | 20
64.286 | 60 | 21 | 45 | 20 72.180 | 60 | 19 | 48 | 21 85.714 60 | 17 | 51 | 21
64 421 51120 |48 | 19 72.368 | 55|10 | 45| I8 86 275 | 55|18 | 48 | 17
64 593 | 60 | 19 | 45 | 22 72.446 | 6L | 19 | 39 | 17 86 842 | 55 (19 | 51 | I7
64 706 | 55 | 21 | 42 | 17 72727 | 60 | 18 | 48 | 22 87.302 | 60 | 18 | 55 | 21
64 762 | 51 | 21 | 48 | 18 72.794 | 55 (20 | 45 | 17 88.235 |60 |18 | 45| 17
64 931 | 55 | 18 | 51 | 24 72.857 | 60 | 20 | 51 | 21 89.164 60 | 17 | 48 | 19
65 000 | 60 | 20 | 39 | 18 73.206 | GO | 19 | 51 | 22 89.474 60 | 18 | 51 | 19
65132 | 55 [ 20 | 45 | 19 73.333 | 55| 20 | 48 | 18 90.000 |60 | 17 [ 51 { 20
65455 | 60 | 20 | 48 | 22 73.684 | 60 | 19 | 42 | 18 91.667 | 60| 18 | 55 | 20
65476 | 55 | 21 | 45 | 18 73816 | 55|20 | 51 | 19 92 437 | 60 | 17 | 55 | 21
65 546 | 60 | 21 | 39 | 17 73.950 | 55 | 21 | 48 | 17 94 118 | GO | 18 | 48 | 17

65 882 \ 48 1 18 | 42 | 17 74.118 | 60 | 20 | 42 | 17 94.737 | 60 | 17 | 51 | 19
66 165 | 55 | 21 | 48 | 19 74 206 | 55| 21| 51118 96 491 60 | 18 | 55 | 19
66 234 ! 60 | 21 | 51 | 22 75000 | 55|22 (51|17 97.059 | GO | 17 | 55 | 20
66 316 | 60 | 20 | 42 | 19 75.490 | 55 | 18 | 42 | 17 100.000 | 60 | 17 | 51 | 18
66 409 1 55119139 |17 75630 | 60 | 17 | 45 | 21 102.167 | 60 ( 17 | 55 | 19
66 667 | 60 | 21 | 42 | 18 75788 | 51 | 19 | 48 | 17 107.843 | 60 | 17 | 55 | 18

66 786 | 55 | 21 | 51 | 20 76.180 | 60 | 18 | 48 | 21







TABLE OF CHANGE GEARS, APPROXIMATE ANGLES and ENGLISH LEADS FOR CUTTING SPIRALS

Lead | | | | DIAMETER OF WORK

7 11034|142411715(2034)23%4 26343215(3744 4114 lead and angle formulae

48] 42| 27| 20| 48| 3}4| 634|1014|1315(1634(20 |23 [2534|3115(3614|4014[44}4 ‘
.67 30| 36 (..... 45 | 34| 614{10 |1314]1615|191412214125141303413514 (3915|4312 ‘

291 45| 27| 21 48 | 3 | 61| 914121415 |18 [2013(2315(2815(33 |37 (41 (4414 ;}
41 51 30| 17 ] 393 [ 6 |9 [12 [1434(1734|2014|2234(2814|3215|3615[4014 (4334 i

62| 45| 22| 19| 51| 234 534 834|1114|141%(1714'1934 22141271532 |36 |3915|43 ‘

33(0 301 (53941, . 36 | 214| 534| 8 |1015(1314(1534(1814]2014125151291513314[37  |40)}5(4312 |

05| 48| 33| 24| 39| 2L5| 5 | 71410 |1215(1434(17 (1914124 |28 |3134]3514|3815|4114 |44 ‘ 1
33 42| 30| 24| 36| 24| 434] 714| 914 1134({14 |[1614 (181523 |27 (3014534 |3715|4014|43 \

7
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ARG | o]
S[?i’;all ; | KA ‘ 5% l | % | YU | s 1| 141k 134] 2 |2%’2'/§ 234 3 |3} |34 |34 | 4 (45| 5 |5)2] 6
Inches| Driven| Driver | Driven] Driver| Tn, [To. [ In. [ In. [ In. [In. | In. {In. | In. | In. | In. | In. | En. | In. | In. [ In. | In. | In. | In. | In. | In. | In. | In.
| | | |

2500 27| 45| 20| 48| ST 25 ggy gsl/ ;85 3 G S R R TR R P iy |
2.7 20 45 30 488 dl5|2 291513524 2[4424 AP YINMATE AN = I DE i 0 |
203 31| 43| 30| 48|75 P21vlsiiae |30 asis S TR, Sl B HIERa RS |

920 21 B N 8| eihaltosisinilie (il FOR SETTING MILLING MACHINE TABLE

700 27| 33| 19| 42(6 /11;-15 1714123 |28 1321513615140L5 l These tables are of special convenience for quickly
89| 30| 36| 21| 45| 5}4|117411634(22 1263431143514 [39 ‘ setting the machine with proper change gears when the ’
17( 39| 33| 18| 51 | 5)4|1015{1534)2015251412015(3315137 4314 angle of spiral and the diameter of a piece of work are ||
46] 39 | 36 | 21 | 51| 434) 934(1434|1934|233412734(31}5[35 |41}% known. For example: To cut a spiral mill 4” diameter, ||
86f 42| 36| 20| 48| 4lal 9 1315173422 125342915133 130 |dd}{ 25° angle: Follow down the 4” column to the nearest ||
33) 33| 27| 17| 394 | 814]1214|1614/2014|23%41271713015/36} 54414 angle, 2514, and the change gears are 48, 36 and 18. [
.44 33| 39 27 42 (4 |8 (12 |16 |20 [2315[2634]30 (36 |41 |
120 27 | 21 20 | 42| 3Lg] TI{|11 [1415(1734(21 (241427 |33 373442 See pages 54 and 55 for }!
22 33| 24| 19| 423857 ‘
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520 33| 24| 27| 39| 24| 4ls 914(1114]1334|16  [1814(2214|2614|30 |3314|3615(3912[4214]45
10.29] 39 ( 20| 19| 36| 2 | 41| 614| 834/1034[1234|15 |17}4|21 |2434/2814]3115|34)4/3715/40 |4215/45

10.37| 42| 27| 24| 36| 2 | 414 64| 8151015128 (1434(17 12034 |2414(28 |311|3414|3714|3934|4215 4434 |
10.50| 21| 45..... 20 | 2 | 414] 614] S13/1015]1215]1415[1634(2015 2417 1273;4(31 |34 (3634 3914|42 |4414 ,
1067 55| 27| 227 2|2 |4 |6y s4l0i41215]14151605/2017124 " |271413014(3314/3615139 |4114(4355 s
1094 48| 27| 24| 39|2 |4 |6 | 8}{104[12° 14 |1614[20 12314(2634[30 |33 ~|3534|3814|40%; |43 I
1111 30| 30 [.....0 27|2 |4 |6 |8 [10° |113£/1334]16 1934123 ~|2615|2915(3215(351438  [d4014|4205 4434 ‘
11.66] 36| 19| 24| 39| 134] 834| 53| 74| 914(1114(1314|1534|18%4 22 [2514|2825(3114134 [3614[30 (4114|4315 ;.
12,00 36| 39 [.....| 30| 134 334| 514| 714| 914111 |1234|15° " [1814|2114/2434|273£|3015(3314(3534|38  |4014|4215(d434 |
13.12) 36| 19| 27| 39| 14| 314| 51| 634| 8151014]1134(1315(1637|20 ~|2234|253412814|31 |3314|3534|3734|40 |42 |4334 I
13.33| 48 | 33 [.....| 36| 133|314 5 | 6ls| 81410 1134/1314|1614 19522152515 28 *13013/33 ~|3514 37151301 14115143141463; 1401415214 |
13711 48 | 21 |27 45| 1341 334l 434] 634l 87 | 03411341137 1167 119 |22 |243512734130 (3214134151361 383140841421 5l4534 149" 5114 e




TABLE OF CHANGE GEARS, APPROXIMATE ANGLES, AND ENGLISH LEADS
FOR CUTTING SPIRALS—(Concluded)

[T ===
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Driven| Driver| Driven| Driver | In, | In, | In. | In. | In. | In. | In. [ In. | In. | In. | In. | In. In.‘ln. In. In.’In. In. [ In. | In. | In. | In. | In. | In. Hm
‘ ! 0

45| 17| 19| 33| 114 3 | 41| 534| 714| 83411014(1134|1415 1714|120 |2214|25 271/4‘29;/2 313434 353/4{37% 30}5'42% 46 (4S15l51 | ok
490 361 27 | 134| 2341 414] 53| 714 834110 (1115(143£117 [1915]22 241427 |29 "(3114|331413514'37 |39 ~|4214|4514 |48 50%‘ 9]
42 1 24| 27| 30| 14 234 414] 515 7 | 81a| 93411114114 1163£(1914|21341241{1261512834|31 33" 135 [3634(3814/42 |45 |4715|50 )
45 | 24| 27| 30| 114| 2L5 4 | 514| 634] 734 914[1015/1314115%4|1814[2015/223 (25 27 12934|3134 3314135 13615 303443 4534|4814 | &
36| 39]..... 21| 4] 251 4 | 54| 613 734 9 |1034/13 |1515(1734 1201422142434 2634120~ 13034/323413415/36 |3915 42}5,'45% 4737 || >
45 | 36 |..... 24 [ 1 | 214 315 434] 6 | 714| 814| 91512 |1414|161£]1814(2034 223425 [2634|2815|301£|32 |3334(37 39%[42% 45 || O
45| 21| 27| 30| 1 |2l4) 3l 4lg 534 7 |8 | 914|11}5133{116 |181£|2014|2215/24 (26 |28 (2934311433 (3614[383;/42 J4414 | O
48 | 21 36| 421 | 24| 3}4| 415 534| 634 8 | 9)4|1115(18L5(1534[18° |20° (22 |2334[2534|2714/2014(31  |3234|3534 [3834 411444 ‘ n
51| 19| 33| 451 | 24| 31| 415 534| 634 8 | 9" [1134(1314(15%;(173420 [2134(233;|2514/271% 2014 31 3215(3534 (381541144334 || 3
45 | 36 |..... 211112 ) 314 414 514) 614| 75| 8)4(1014|1215)14151615| 181412014 |22 (2334/2514(2714(29 [3014|3315|3614(38%4 |41 || 2
450|8 aphi e 2011 12 (31415 16 |7 (8 [10 112 |1337/15%;(17151914|21 (223 241527 " |2734|2014(321[35  [3715]40 %
42 | 36..... 1811 12 13 14 15 | 5% 634 734 934|111511314|1514117 "|1834|2014 22" [2314(250¢|27 (28141313434 [3637[39 || &
451 30\ 421 2411 | 134] 2%) 3Lg| 44| 5 | 6 |7 | 815100412 (1315115 |1634]1814[1934|213¢|223¢|2414 2515|2814 [31 33141353; || B
4S M B2l (e 18 | 24| 1%4) 234] 315 414) 5 | 6 | 634] 81410 |1134]1314]14341615/18 [1905/21  |2214|2334|2514|28  [3014/3114[351% || ©
48 1 30| 421 241 340 13| 204 3141 4 | 434 5% 61| 8 | 914(1134[1284]141¢(1534|1734 183520  [2114(2255 |24 |2634 2914|3134 (34 o
45 | 36 | 42| 17| 34| 1l4| 2y 33| 414 5 | 53| 7}4| 83410 111613 1141411515/17° [1814(1005/21 |22 |26 |27 [201[3114 ||
451 30| 421 20| %) 1l 214 3 | 3Lg| 41| 5 | 53| 734| 81410 1134123414 1534 [1604)18 191412015(2134 |24 14 [2614]2835 31 =
ol | 30| 36 17| 151 13| 2 | 244| 315 334| 424| 5 | 634| 744 83|10 |11 |121£13V5143]16 (17 1834|1914 |2115/2315|2534 [2737 || =
48 1 21| 36| 20| J4I 1 |134] 24| 234| 314| 4 | 414| 514! 615 734| 834 93£/103;1113513" |14 |15 |16” |17 |19 |21 223512415 || £
55| 22| 36| 20| %1 |1l 2513 | 31414 |5 |16 |7 |18 |9 110 |11 |1134]123£(1334/1434 (154417 41014 [21" [2235 || ©
48 | 21| 421 20| 3411 |14 2 | 2ls| 3 | 314| 335| 434| 544| 61s| 7he| 8L 9141004113412 13" 1334 [1404]1615 18 19342125 || Z
48 | 211 451 20| 34 34 14 134 214| 234 3° | 3lg) 4dg| 514) 6 | 7 | 734| 83| 9isliokali1ighi2 |1234[1334 1437 17 181520 n)
60 | 21| 42| 20| 5| 34| 134] 114 23| 241 3 | 33| 415 54| 6 | 634 7la 814 9 | 9bgoxg|1l’ [1134]133¢ 1434016 1715 || ©
511 20| 42| 17| Y| 3% 128 134) 24| 215) 234) 315 44| 5 | 5341 6151 7 7| 734| 814] 934|10° |1014[113g1235|14" 1514|1637 || £
60 f 20 39| 18| 34 3411 |13 13| 2 | 215 234| 315 414 43| 5i4] 614| 7 | 74| 8141 9 | 9vsl1005[11” [1214(1324(15 16} || Z
60 | 20 42| 181 M) 34| 1 | 1}4] 134 2 | 21f| 215 314] 334| 414 51| 53| 614 7 73| 84| 9 | 9lsl1014|1114]1235(1334 15 o
511 20 ( 48 17 34} Jo 1 | 4] 114 2 | 2)4| 214) 3 | 334 4l4| 5 | 514) 614| 634| 714 8™ | 834] 934|10” |11 |1234]1314[143¢ Z
651 22 &1 17 341 Jgl 1 | 14| gl 134 2 | 214 3 | 314 41| 434| 514| 6 | 64| 714 734| 814| 97 | 91411034(113413 |14
51| 18| 48 17| 34| }ol %) 134) 1ig) 134) 2 | 214 234| 314| 4 | 41s 5 | 514 615| 634| 7i4| 734| 814| 0 101411 h2yglisyg
60 | 18| 51| 201 34} Ja 24| 1 | 14| 136l 13| 2 | 234 314| 33| 44| 43| 514| 534| 614| 634| 74| 8 | 814| 915/1014111%|121%
00 17 5] 20 V 1 . 1 1 3 { 4 2 2 72 72 2

4| Yol 4|1 | 1}4) 116 13| 2 | 215 3 | 314 415 5 | 51806 |6V 7 | 7L 8 | 9 |10 10341134
60 | 17| 51| 18(....| 13 34| 1 | 134| 135 1le| 134| 214 234| 314| 3% 415 5 | 513 53| 614| 634| 74| 8 |9 | 934|103
601 171 551 181....1 ol %4l %11 | 1341 136) 1341 2 | 234| 3" | 314 334] 34| 434 5 | 534| 53 eigl 634 714| 834 9" 10 e




CINCINNATI DIAL TYPE MILLING MACHINES 1o

ENGLISH LEADS AND CHANGE GEARS
FOR MILLING SPIRAL END MILLS
Set Machine Table to Angle of Approximately 20 Degrees

Diameter of l.ead in Driven Driver Driven Driver

Mill, Inches Inches A B C D
3 3.24 27 33 19 48
ﬁ 4.32 36 33 19 48
% 5.40 45 33 19 48
A 6.48 42 27 20 48
% 7.56 42 22 19 48
1 8.64 42 27 20 36
1% 9.72 45 27 21 36
1Y 10 79 36 20 27 45
134 11.87 36 21 27 39
14 12.94 22 45 e 17
134 15.11 48 22 27 39
2 17.26 51 19 27 42
24 19 41 33 36 iy 17
214 21.58 51 20 33 39
2y 23.73 55 17 22 30
3 25.88 55 17 36 45
3 28.05 51 30 33 20
35 30.22 51 30 48 27
3% 32.38 51 27 36 21

4  34.53 i 51 24 ‘ 39 24

ENGLISH LEADS AND CHANGE GEARS
FOR MILLING SPIRAL MILLING CUTTERS
Set Machine Table to Angle of Approximately 25 Degrees

Diameter of lead in Driven [ Driver Driven Driver
Mill, Inches Inches A B C D
14 3.37 27 33 21 51
5z 4.22 27 24 18 48
3 5.05 30 33 20 36
% 5.89 33 36 27 42
1 6.74 39 27 21 45
14 8.42 48 19 17 51
[raBees 10.11 42 22 27 51
13 11.79 42 19 42 45
2 13.47 36 21 33 42
2y 15.16 48 19 27 45
2k 16.84 48 19 30 45
234 18.53 42 17 36 48
3 20.20 60 27 30 33
314 21.90 48 19 39 45
3% 23.58 48 19 42 45
3% 25.26 48 33 . 19
26.95 42 33 36 17
4 28.63 51 19 48 45
417 30.32 48 30 36 19
4y 3200 48 21 42 30
33.69 45 33 42 12
5% 35.37 48 30 g i
514 37.06 45 30 r 19
5% 38.76 45 22 - i
6 40 43 42 22 e B0l e 1T
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TABLE OF NATURAL TANGENTS

TABLE OF TANGENTS

(Natural Tangents at Intervals of 14£°)

I

|

—_— 0

& |lal&élalalal é al afal & Al &
0000 13° | .2:09| 26° | 4S77| 39° | .S0OS| 52° |1 230 | 65° | 2 145 | 78° | +4.705
0044 | 1317 | 2335 | 2614 | 4031 3ul{| 8170 52!,4!1 292 | 6514 | 2 169 | 7814 | 4.808
L0087 | 13145 | 2401 | 2615 | 4986 suls| 8243 111303 | 651, | 2.194 | 78La| 4.915
0131 | 1334 | 2447 | 2634 | .5040| 3934 | 8317 1.315 | 633 | 2 220 | 7834| 5.027
0175 14° | 2493 | 27° | .5005| 40° | 8351 1307 | 66° | 2216 | 79° | 5.145
82)(1;; 1414 | 2540 2714 | .5150| 4014 | 8466 53'511.539 | 6614 | 2 273 79:4 5322
0262 1414 | 2536 2715 | 5206 40L5 |  S541 1511 331 | 6GL. (2300 | 79)0( &
L0306 | 1437 | 2633 [ 2734 | 5261 4034 | 8GI7| 55% 1 364 66‘;;‘ 2 328 | 79% | 5.530
0340 15° | 206]0| 28° | 5317| 41° | 8693 54° |1 376 | 67° | 2 356 | 80° | 5 671
0303 | 1514 | 2726 | 2814 | 5873 | 41lg| 8770 54V{ |1 389 | 6714 | 2 355 | 80}4| & 8§20
0437 | 1515 | .2773 | 281 | 5430 4115|8847 | 5105 |1.402 | 671, | 2.414 | 80}3 | 5.976
0150 | 1537 | .2320| 2835 | .5486| 413 8925 5134 |1 415 | 6734 | 2.444 | 803 | 6.140
0524 | 16° | 2867 | 29° | 5543 42° G00L| 55° |1 428 | €8° | 2475 | 81° | 6.314
0568 | 1614 | 2015 | 2014 | .5600| 4214 | 0033| 5514 |1 442 | 6514 | 2.507 | 811F| 6.497
0612 1614 | 2062 | 2015 | L5658 | 42145 | 9163] 5315 |1 455 | 6812 | 2 539 [ 81}4| 6.691
0655 | 1637 | 3010| 2034 | 5716| 4235 | .0244| 5537 |1 409 | 6837 | 2 572 | 8134 | 6.897
0699 | 17° | 3057 | 30° | .5774]| 43° 0325 56° |1 483 | €9° | 2 605 | 82° | 7.115
0743 | 1714 | .3105 | 3014 | .5832| 4314 | 9407 | 5614 |1 497 | 6ul4 | 2 €39 | 8214 | 7.348
0787 | 1715 | 3153 | 3015 | .5800| 4315 .9400] 5615 |1 511 | 6915 | 2 675 | 82}41 7.596
0831 [ 1734 | 3201 | 8034 | 5040 4337 | .0573| 5637 |1 525 | 6934 | 2 711 | 8234 | 7.861
0375 | 18° | 3249 | 31° | 600v| 44° | .9657| 57° |1 540 | 70° | 2.745 | 83° [ 8.144
0919 1814 | 3208 | 3114 | .6068 | 44| 9742| 5714 |1 555 | 7014 | 2 785 | 8314 | 8.449
0063 | 1815 | 3346 | 3115 | 6128 4415| 0827 | 5714(1.570 | 70'5 | 2.824 ( 8315| 8.777
}8071 };1/ 3395 | 3134 | 618S] 4434 | 9913 573 11 535 7(13’;;1 %QS: gg% 81?;
105 3443 | 32° | 6240( 45° |1 000 | 58° |1 GOO |7 24 ® .5
1095 | 1914 | 3492 | 3214 | 6310 4514 |1 €00 | aS!4|1 616 | 714 | 2 046 | 8414} 9.931
1139 1915 | 3541 | 3204 | .6371] 4515 |1 013 | 5SLs|1 632 | 71'5| 2 989 | 841s | 10.385
1184 | 1997 | 3500 | 3237 | 6432 4534 [1 027 | 5834 |1 648 | 7134 | 3 033 | 8437 | 10.883
1225 20° | 3640| 33° | 6404| 46° [1 036 | 59° |1 664 | 72° | 3 078 | 85° | 11 430
1272 ] 2004 | 3689 | 3314 | 6556| 4614 |1 045 | 501 |1 631 | 7214 | 3 124 | 8514 | 12 035
1317 ] 2015 | .3739 | 3315 | .6619| 4615 |1 054 | 5015|1608 | 7215 | 3 172 [ 851, | 12 706
1361 | 2034 | 3789 | 3334 | 6682 4634 [1 063 | 5934 | 1.715 | 7234 | 3 221 | 8534 | 13 457
1405 | 21°° | 3839 | 34° | 6745| 47° |1 072 | €0° |1 752 [ 73° | 3 271 | 86° | 14301
1450 | 2114 | 3889 | 34141 .6500 | 4714 |1 052 | 6014 [1 70 | 7314 [ 3 323 | 8614 | 15.257
1495 | 2115 | 13939 | 3415 | 6873 4715 |1 CO1 [ 60'5 (1 768 | 7314 3.376 | 86!5| 16 350
1539 21347 | 3990 | 3434 | 6937 | 4734 |1 101 | 6037 [1.786 | 7337 | 3.431 | 8631 | 17.610
1584 | 22° | 4040 35° | 7002 48° |1 111 | 61° |1.804 | 74° | 3.487 | 87° | 19.081
1620 | 2214 | .4001 | 3514 | 7067 | 4814 |1 120 | 6114 |1 823 | 744 | 3.546 | 87}{ | 20 819
1673 | 2205 | 4142 3515 | 7133 4815 |1 130 [ 6115|1 842 [ 7415 | 3 GOG | 8715 | 22 904
1718 | 2237 | 4193 | 3534 | 7199 4837 |1 140 | 613 [1.861 | 743 | 3 668 | 8737 | 24 452
1763 | 23° | .4245( 36° | 7265 49° |1 150 [ 62° |1 881 [ 75° | 3 732 | 88° | 28.G36
(1808 | 2314 | .4206 | 3614 | .7332| 4014 (1.161 | 621 |1 901 | 751{ | 3 7u8 | /814 | 32.730
1853 | 2315 | .4348 | 3615 | .7400| 4915 |1.171 [ 6215 |1 921 | 7515 | 3 867 | 8313 | 38 188
(1899 | 2334 | .4400 | 3634 | .7467 | 4034 |1 181 | 6297 |1 042 [ 7537 | 3 038 | 8837 45 820
1044 | 24° | 4452 37° | .753G| 50° |1 192 [63° [1.963 [ 76° | 4 011 | 89° | 57.29
(1980 | 2414 | .4505 | 3714 | .7604 | 5014 |1 202 | 6314 {1 984 | 7617 { 4 087 | 8014 | 76.39
12035 | 2415 | .4557 | 3713 | 7673| 5015 (1 213 [ 6315 (2 006 | 7614 | 4 185 | <012 (114 50
2080 | 2434 | 4610 | 3735 | 7743 | 5031 [1 224 | 6337 {2.023 | 7637 | 4 247 | 8033 220 18
2126 | 25° | 4663 | 38° | 7813| 61° (1 235 |64° |2 050 | 77° | 4 330 | 9go |
2171 2514 | 4716 3814 7883 | 511411 246 | 641412 073 | 7714 | 4 419

2217 | 2515 | 4770 3815|7054 | 5115(1.257 | 6415)2 0o 7714 | 4511

09 £ ]9 ] 9 87 9 ; g .

.2263] 2% | 45231 38341 .80% 5134 11.269 | 643412120 | 773 | 4 s
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CINCINNATI DIAL TYPE MILLING MACHINES

ORDERING REPAIR PARTS

You will receive quicker service when ordering repair parts il vou will
adhere to the following procedure:

1. State amount wanted.

2. Give part number and name or description of part, and where
obtained.

(a) Parts catalog
(b) Part number stamped on part

(c) Prior invoice

3. Give complete serial number of machine. The serial number will
be found stamped in two places: Horizontal Machines, on the face of
the column near the spindle, and front of the table near the right hand
end. Vertical Machines, top of the scraped bearing for the knee and
tront of the table near the right hand end

4. Specify each individual piece required. I only certain parts of a
unit are required, never use the word “complete’ ; it always raises the
question as to how much of the unit to supply. In some cases, due to
the nature of the parts, it will be less costly to you for us to supply
additional related pieces, especially if part wanted is obsolete.

5. Specify how and where to ship. Do not say “Ship quickest way’ .
Be definite and state the agency desired, that is:—Air Mail, Parcel
Post, Special Delivery, Express, Motor IFreight, Rail ['reight, etc.
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ALPHABETICAL INDEX

Accessories and Attachments
Angle Plates. .
Arbors. . . .
Cam Milling Attachment
Chuck.

Circular \hllmn \tmchmcnl
Collet \dllr\l(,r 50 to 40).

Compensating l')u" and Driver.... ..

Enclosed Driving Mechanism. . .

[Four Position Turret Stop and | dial
Indicator. . s

Heavy Vert ical Attachment .

FHigh Number Indexing At ichment .

I h"h Speed Universal \hllmrv
Attachment .

Ihgh Tailstock.

Motor Driven Coolant Pump ;

NMotor Driven Universal Milling
Overarm Attachment

Mounting a Chuck on the Div 1d1n«' -

leacl wEaRe o At S S
Quick ( ‘hange Ad: ;pu.r Shell End’

Mills, Arbors, and Collets. .
Quick Change IFace Mill Arbor. .
Rack Indexing Attachment. . .
Rack Milling Attachment .
Raising Blocks. .
Short and Lor a lca 1d Attachment. .
g])ll’dl NMlling Flead

Universal ’\prml \hllmf: Attachment

TS TR
Adapter—Collet.
Adjustments

Backlash Eliminator (Plain and
Vertical Machines).

Backlash Eliminator (Universal
Meachines). ..

Cross IFeed Screw Bz arings.

Dividing Head Worm. ... .. .....

Driving Clutch

(Jlb\ e

Rapid Traverse Clutch. |

Rapid Traverse Plunger too I hgh 55

Setting the Oil Pressure of Pump
in Column. .

qp((d Gears | x|| [(: Shlfl
Spindle Bearings. .

Table [Fecd Screw Bea rings
Tension in the V-Belts. .

Agents and Direct Sales Offices. . . .

Angle for Setting the Milling
Machine Table or Spiral
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Angle Plates. .
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Angle for Sctting the Milling Machine 4
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Lead. 52
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