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C INC INNATI D IAL TYPE M ILLING MACHINES 
8£-========= =============}0 

SERIAL NUMBER 

The serial number wi ll be found srn m pecl 
in t wo p laces : Horizonta l fvlachines. o n 
the face of the colurnn nea r t he SJ in lie , 
and front of the table near the r igh t ha n I 
end . Vert ica l Mach ines, top o f ,he 
scra ped bearing for the knee a nd front 
of the table nea r t he right ha nd en I 

[s ]-==-======== 



MACHINE SPECIFICAT IONS 
·{=== = ===== = === ======= =Jv 

MACHINE SPECIFICATIONS 
(Model ER) 

MEDIUM SPEED AND HIGH 
SPEED DIAL TYPE MILLERS 

Table 
Working surfnce .. . . . .. .... . . . . ... . . . . . . . ......... . . 
Size over nil . .. .. .. . .. . . . . . . . . .. .. . . . . . . . .. .... . . . . 
T -slots .. . . . . . . . . . .... . ... . .... . ... .. .. ....... . . . . 
Dist11 11 ce between T-slots . . . . ... .. ...... . . . . . .... . . . . 
Swing of tnble (Universnl only) .. . ... .. .. . . .... .. . . . 

Range 
Longitudinnl t rnvel .... . . .. . . ..... . ... . .. .... .. . ... . 
Cross travel { Pini,! nnd Universal .. .... ... . . .. . . . .. . . 

Vert1cnl . . . . . . . . . . . . . . . . . . . . . . .. . . .. . 

{

Plnin ... . . . . . . . . • . .. . . . . . . . . .. . . . 
Ver ticnl trnvel Universnl . .. . . . . . . .... . . .. . .. . .. . . 

Verticnl . . . .. ... ... .. .. . . . . .. . ... . . 

Horizon tnl JV!nchincs Only 
Mnx . distnnce, cente r of spind le to Lop of tnble (Plnin) 
Min. distnnce, center of spindle to top of tnble ( Plnin) .. . 
Max. distance, center of spind le Lo top of table (Univ.) . . . 
Min. d istance, center of spindle to top of table (Univ.) .. . 
Full width between column nod brnccs . .. . . .... .. . . . . 
Center of spindle lo bottom of overnrm . . . . . . . .. .. . . 

Verticnl l\fochines Only 
Max. clistnnce, encl of spind le to top of tnble . ... .. .. . . 
Throat clistnncc, center of spindle to column . .. . . ... . 

S tandard Spindle End, No. 50 
Flnnge ... . .. . ... . . .. . . . ..... .. . . ... . . . . . . ....... . . 

Taper hole . . . . . . .. . . . . . . . .. . . . .. . . . .. . ... . . . . .. .. . 

Net Weights, Pounds (A pproxi mnte) 

{

P lain . .... . . . . ... . . . . . . .. ... . . . .. . 
Medium Speed Universal ... ......... . . . ..... ..... . . 

Vertical ..... .. . . . ....... . ... . . .. . . . 

{

Pla in .... . . . .... . . .. . . .. . . . ... . . . . .... . 
High Speed Universal . ... . .... . . . . . . ... .... .. .. .. . . . 

Vert ical . ......... .. .. . . . ... . ..... . . ... . 

No. 2 

52Hxl2¼ 
52Hx l2¼ 
Three-t¼ 

2h 
45° 

28 
10 
12 
19 
18 
13 

191\ 
0 

18-h 
0 

30¼ 
61/s 

IS 
14 

5,¾-dian1. 

6,250 
6,600 
7,050 

6,350 
6,700 
7,100 

No. 3 No. 4 

62½x l5¼ 78½xl6¼ 
62½ x l5¼ 78½xl 6¼ 
T hree-}i Three-{--} 

3¼ 3¼ 
,170 49° 

3~ 42 
12 14 
16 16 
::W 20 
19 19 
16 16 

'.?Un '.?Ot\ 
0 0 

19-a 19n 
0 0 

:3"!1/4 3g¼ 
Tr{ 11/s 

22 22 
IS IS 

5-;\ diam 5.1;; d iam 

{

'>J. di:lmeter {?"-. <li:imcter 
- • wgcood - • b rgc eu<l 
•i, b pt.r 3 1 taper 
· ~ per fool :: P<'r foot 

8,3S0 
9 ,000 
9,200 

9,050 
10,000 
9,850 

8,480 9,150 
9,100 10,100 
9,300 9 ,950 

===========[9 J= === === = = == 
P ublic a t ion No. ::lt-S ~5-G 
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TABLE OF D IMENS IONS 
.)f= =======---=== = === ======== = Jc> 

TABLE OF DIMENSIONS- PLAIN MACHINES 

Size of Machine 

No. 2 No. 3 No. 4 

A 30¼ 33 ½ 38¼ 
B 6 ½ 7¾ 7¾ 

CJ lvlin - 9/G I0H· II ¼ 
l tvl a x . 19 ½ 23 /6 25 ½ 

D ½ IH 1.LJ. 
1 6 --

E 16½ 18¾ 22½ -- --
F 32 i'6 33·H· 33-H 

- -
J 50¼ 59 59 . - -I, 46¼ 55 55 
L 19 20¾ 20¾ - - ---
tv l 26/6 27½ 32 1\, --
N . [ 41\ 4 /G 
p 4½ 6 6 
R 7¾ 81/s 81/s 

S { lvl in . 0 0 0 
lvla x . 191\ 20 1\ 20/6 

T f lvl in . 22 1\ 23¼ 
-

27¼ 
l ivlax . 50 / 6 57¾ 69¾ 

U { lvl in . 20% 23 ¼ 17¼ 
lvlax . 49 ½ 57¾ 69¾ 
V MH· 70/6 70H· 
\V 27 ½ 29½ 29½ 
X 30½ 32½ 32½ 

AA 52-H· 62½ 78½ 
cc 2J\ 3¼ 3¼ 
DD 2{6 3¼ 3¼ 
EE 6 7.½ 8 
FF 12¼ 15¼ 16¼ 
GG .U . I :I J_l 

I 6 T6' I G 
HH 3 l 

tfi 1/s ¾ -
JJ ½ I I 
Kl< I¼ I ,l _,'i_ 

32 IH 
LL 22{-¾ 27¾ 30½ 

lvllvl 19 1!16 17 i'6 1913G 

NN 50 t6 
- ·-

57¾ 69¾ 
pp 99H- 11 5½ 139½ 
RR 99-& Ill ¼ 119 1/s 

=== = = =======[ 11 ]===-===-======= 
1 uhlh.:rtt ion No. ) 1-S-;' 5 -G 
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TABLE OF DIMENSIONS 
·:,{= =========== =======-=· -== ===}· 

TABLE OF DIMENSIONS- UNIVERSAL MACHINES 

No. 2 
--

A 30¼ 
B b½ --

C { iVlin. 9 ½ 
lVl.1x. 19½ 
D ½ --
E 16½ 
F 32 1\ 
j 50¼ 
I< -1-6¼ 
L 19 
tvt 26 /6 
N -J. 
I.) -J. ½ -- -
R 7% -

S { l'vlin. 0 -
I SiG l'vl ax. -

T { l'vlin. 22/r, 
l'v lox. 5CH 

U { lvlin. 
- - 20¼ 
-

l'vlax. -I~¾ 
-

\I 
-

b-l ·}{ --
\V 2 7 y.:; - -
X l O½ -

AA 5, u_ 
- 1 6 

cc 7 .I,_ 
- I 6 -DD ) .I!.. 
- I 6 -EE 6 --1-F 12¼ --CG - .U. 

1 6 -HH ,1.1. 
6-1 -

JJ ---½ 

I<I< I ¼ 
LL .~2 ¾ 

l'vtrv t 19 ..JL 1. 6 

NN 50H-
p p 99H· 
R R C)C) i36 

Size of Machin e 

I No. 3 

33½ 
7¾ I 

I I 1\ 
23 1\ 
IH 

18¾ 
33H 
59 
55 
20¾ 
27½ 

-J. (& - - - -
b 

--
8¾ 
l) 

19 / 6 
23¼ 
57¾ . 
23¼ 
57¾ 
70 1\ 
29 Vi 
32}~ 
62}1 

3¼ -
3¼ -
7Vi -

15!,{ 
I~--

16 

% 
I 
l·H 

27 ½ 
17 1\ 
57¾ 

115 ½ 
I Ill ¼ 

No. 4 

38¼ 
71/s 

22 ½ 
3:·H 
59 
55 
20¾ 
32{~ 

6 

---0 

19i~- -
27¼ 

27¼ 
b·-J¾ 

--7~ --

2-)½ 

===========[ u l=======--== = = =-= 
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TABLE OF D IMENSIONS 
G[=== = ========== = === === = Jo 

T ABLE OF DIMENSIONS- VERTICAL MACHINES 

Size o f Machine 

No. 2 I No . 3 No. 4 

A 14 18 18 

B { Min. 0 0 0 
'•Max 18}} 22H 22-l:--k 

C { Min. 9 / G IOH II¼ -
Max . 2 1½ 27 ½ 27 ½ -
F 33H 381/s 381/s 

- -
j 50¼ 59 59 -
K 46¼ 55 55 -
L 19 20¾ 20¾ 
M 261\ 30 i\ 301\ 

T f M in. 22 }6 27¼ 27¼ 
l Max. 50 i°o 57¾ 69¾ 

U { M in. 20% 23 ¼ 27¼ 
Max 49½ 57¾ 69¾ -
V 78½% 85¾ 85 ¾ 
w 27 ½ 29½ 29½ 
X 30½ 32½ 32½ 

AA 52-H 62 ½ 78½ 
cc 2 i5o 3¼ 3¼ 
DD 2 -i~ii 3¼ 3¼ 
EE 6 7½ 8 
FF 12¼ 15¼ 16¼ 
CG J.....1. 

1 G 
.U. 16 

13 
YG 

HH 3 I .G-:f 1/s % 
jj ½ I I 

!(!<. I¼ IH I .1..§.. 
32 

LL 24196 3 1-f., 32½ 
MM 11-a 16ft I 5-i\ 
NN 50 196 57¾ 69¾ 
pp 99-H- 115 ½ 139½ 
RR --98¾ 111 3/s I I 11/s 

•Note-l'vlax11num dimensio n "B" is with head in extreme up position and 
knee in ext reme down position . 

===== = ==== = l 1s ]=========== 
Publication Nu. M-S7j-G 



CINC INNATI D IAL TYPE MILLING MACHI NES 

Plain Machines : 

STANDARD EQUIP!v1ENT 
Supplied with the Machine 

Arbor Supports : N o. 2 ivlille rs-one Style ··s·· with 2 ¼" adj ustable a rbo r bushing 
and provided with lug fo r brace-one_ Sty le ··f\ ·· wi t h .~dJ_usta blc a r~or ?ushmg 
for pilot end arbors . N os. 3 and 4 1vl1lle rs- onc S ty le B with 2½ adJusta ble 
arbor bushing without lug fo r brace-one st yle ··s-· with 2 ½ " ad justable 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 St yle ··A· · a rbors and fo r N os. 3 and 4 Machines only. 

Wrenches . 
Coola nt Pump (Gear D riven). 

Overarn1 Brace. 

Universal Machines: 
Arbor Supports: N o. 2 Millers- one St y le ··s-· with 2½" adJusta ble a rbor bushing 

and provided with lug fo r b race-one S t yle .. /\ .. with adjusta ble a rbo r bushing 
for pilot end a rbors. N os. 3 a nd 4 l'vlillers- one S t y le .. B". with 2¼" adJustable 
a rbo r bushing without lug fo r brace-one S t yle ""ff ' wi t h 2¼ " adjustable a rbor 
bushing and p rovided with lug fo r brace. 

Adjustable Arbor Tightening Rod. 

Arbor Support Bushing Adapter M-01 (includes adj ustable bushing , nut . washer 
and screw) fo r Sty le .. A .. a rbo rs and for Nos. 3 a nd 4 Machines only. 

Standard Universal Dividing Head Equipment, including ta ilstock with 2-point 
adJusta ble center ; stead y rest ; one p la te for indexing through 40 to \ reduction­
a ll numbe rs up to a nd including 60, a ll eve n n umbers a nd those di visible bv 5 up 
to 120, and many beyond : one pla te for d irect indexing, one cente r fo r headstock ; 
a nd provision fo r connecting head to enclosed driving mecha nism segmen t . Sizes 
(nomina l swing) : Io • fo r No. 2 M achine , 12" for No. 3 Machine; 14" fo r N o. 4 
Machine. 

Enclosed Driving Mecha nism Segment, including cha nge gea rs fo r spiral milling, 
leads ra nge from 2½" to 100" (onl y) fo r St anda rd Unive rsa l D ividing Heads . 

Wrenches. 

Coolant Pump (Gear D riven ). 

Overarrn Brace. 

Vertical Machines : 
Adjustable Arbor Tightening Rod. 
Wrenches. 

Coolant Pump (Gea r D riven ). 

= = = ======-=-=~ [ 16 ]======= === = 



INSTALLATION INSTRUCTIONS 
G{---c================== === = j8 

INSTALLATION INSTRUCTIONS 

Complete e recting instructions a re lis ted on a separate sheet, entitled 
"'General lnsrn llation Ins truc tions"' , packed with t he machine. They are 
repeated briefly in t his booklet for your information. 

Assembling the Table to the Machine. If the machine table has been 
removed for con venience in shipping, it may be replaced in the following 
manner : 

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

2. Insert the table locking shoes in t he front of the sadd le and follow up 
\\'ith Lhe two hexagon head seL screws. 

3. Insert ta ble from t he le ft s ide of the machine, as you stand in front of 
the machine. 

4. Inser t the table gi b between t he saddle and Lhe t a ble a nd adJust the gib 
screw so that the table wi ll have no s ide play . It is safe to adjust the 
gib tightl y so tha t four men cannot pull the t able , and then back off 
t he gib s light ly until four men can pull it easil y . 

5. Insert the lead sc rew from the r ight of the m achine, and turn the screw 
into t he nut unt il the apron on Lhe lead sere\\· is tight against the table. 
Be su re the d O\\·el p ins in Lhe apron m a tch with the pin holes in t he end 
o f t he ta ble. Insert a nd ti ghL en the four screws. (See Fig. 26, page 40) 

6. Attach the left hand apron to the front en I of the table. Adj ust the 
adjusting nut on the lead sc rew tota l e up the end play in the lead screw. 
T ighten the hexagon head lock screw in the adjusting nut. 

7. P lace the clutch , dia l, colla r and spring, ball c rank and sc rew in the end 
of the lead sere\ to keep the ba ll crank in place. 

Note: The bore I hole in the saddle para lleling the lead screw is pro­
vided for the dri ve shaft for the circu lar milling attachment. This 
drive sha ft is supplied as regul a r equipment with the power feed Circular 
M ill ing Attachment only. 

Lifting the M achine. The machine may be lifted by a crane with a 
rope or cable s ling a round the overarm. If a wire cable is used, be sure to 
p rotect the dovetail bearings with wood blocks. Tighten the overarm 
c lamping bolts be fo re lifting . 

Foundation. Special foundations for C INCINNAT I Dia l Type lvlilling 
Machines a re not required . Any substantia l floor , wood or concrete, fairly 
flat, and sufficientl y heavy to \vi thstand the weight of t he machine, will be 
satisfactory. See specifications page 9, for weights and dimensions. 

======== = ==[ 17 ]=========== 
Publlcatlon No. ~r-S~5-G 



C INC INNATI DIAL TYPE MILLING ivl.ACHINES 
·f====================== j8 

Figure 4 
Bolting the Machine to a Concrete Floor 

Bolting the Machine to the Floor. When preparing for this operation. 
notice tha t center dist::mces of bolt holes, given on the data sheet accompany­
ing the machine, are approximated. If the Ooor is concrete, drill the bolt 
holes about 6" in diameter. Insert the hold-clown bolt through a I½ " 
pipe, as illustrated in Fig. 4, and fill the pipe with dry sand. Lower the 
machine on two I " thick boards, and engage the nuts on two or three threads 
of the bolts. F ill the holes around the pipe with quick drying cement, thin 
enough to Aow easily. When cement is dry. remove I oarcls, level machine 
and tighten hold-clown nuts . 

Leveling. After the machine has been moved to its proper location, it 
must be carefully leveled. Use an accurate micrometer level for t he opera­
tion . A carpenter's level or the bulb in a machinist 's comb ina tion square is 
not good enough. Drive steel ,, edges under the corners of the base until 
the table is level in both directions. Then !rive 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 t a ble and leve ling 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 
inSt ruction tags tied to them. Remove the screws and plug the holes with 
the p ipe plugs provided for that purpose. 

-=-=--=--=--==[ 18 ]=========== 



STARTING THE MACHINE 
:.if=========== === ======= === }cJ 

STARTING THE MACHINE FOR THE FIRST TIME 

After the machine has been properl y installed, wash off the slushing oil and 
dire accumulated in transit with naphtha or a similar solvent of grease. 
Then fill a ll oiling scacions with the grade of lubricant specified (See page 21.) 

Before assem b ling the V-belcs or chain co the motor, turn it over by hand a 
few times to be sure that it rotates freely, and that no foreign materials 
have fall en into the motor during shipment or while being unpacked. 

Scare the motor onl y, and 11nmedia tely notice the direction of rotation of 
the driving pulley a t t he rea r of the mach ine. To start the motor with the 
hinged belt gua rd cover open , the safety switch, Fig. 32, page 45, muse be 
held in contact by hand whi le the regular starting button is pushed. The 
motor must rotate clockwise, as indicated b) the brass p late (Fig. 5) attached 
co the pu lley Lever .. C .. Fig. 15, page 30, should be in its d isengaged 
pos iLion when the machine is received. The spindle will not rota te until 
this lever is moved to either its .. Right .. o r .. Left .. engaged position. Run 
the mach111e for a half hour or so to insure a protect ive film of oil over all 
bearings, and apply oil frequentl y during this period. Do not fill the reser­
voi rs while t he mach ine is running. 

Note in particula r the saddle-ca ble oil-shot 
lubrication system, sta t ion 7, F ig. 7. T he oil 
level in chis rese rvoir mus t be above the low 
limit at a ll times. 1 f the o il 1s comple tel y ex­
hausted , a ir wil l gee in to the system , a nd it will 
be necessa ry co operate Lhe I ump severa l times 
co expe l the a ir . 

P ull the plunger out Lhe full length of its stroke 
a nd a llow it to return itse lf. Do nol push . 

LEY MUST 

- ► 600 R.P.M. 

Figure 5 
Main Drive Pulley Must 
Rotate in This Direction 

Viewed From Rear of 
Machine 

Filling the Column Oil Reservoir. When necessa ry to fill the column 
o il reservoi r, or add a n appreciable amount, the best procedure is to remove 
the sma ll recLangular cover attached to the .. feed box .. casting on the right 
ha nd s ide of the machine. (Th is is the rap id traverse clutch adjustment 
cover, page 39.) Oil may then be pumped or poured into the column 
ra1 ici ly. If poured from a conta iner withou t a spout, a sheet meta l chute 
can read il y be fabri cated co fit the opening. While one man is pouring or 
pumping the oi l into the reservoir, another man shoutd watch the oil level 
in che elbow, lo. I 0, on the left hand side of the machine. As soon as the 
o il reaches the bottom of the threads in t he elbow, it is a t the proper work­
ing level. Use o il specified in the table , page 21 . 
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LUBRICATING INSTRUCTIONS AND SPECIFICATIONS - AIi Styles of Dial Type Millers 

I !:>tat10n 
I 

Specifications 
When to Oil Number Pa rts Lubricated Lubricating Instructions of Lubricant 

iL~- P-s-s-
Medium machine 

Once a Day I . 2, 3, 4. 5, F la t sliding bearings and lead Oil wit h bench oder mineral oil. 
11, 12, 13 screw bea rings Viscosity ICJ0 to 210 

seconds Sa~ bolt 
at 100° F 
P-43 

14 Apply one shot o f grease wit h grease gun. Medium sponge 
15 Spindle a nd bevel gea r bea rings Do not apply too much g rease to stations short fibre grease, 

Once a Weck 16 (Vertica ls only) 15 a nd 16 . or bea rings ma y overhea t . Lubri- Sodium soap base. 
17 cate other stations ( 14, 17 and 18) liberally (Such as Superla 2X 
18 Grease . Standard Oil 

Co of Ind iana) 
Oil feeds continuously. Keep level above 

6 i\rbor bearing coll a r low limit on gage 

When level recedes A utomallc Lubr1ca tio11 . ½ pint required p_ 55'" 
to low limit on gage Keep reservoir fi lled to line on gage. Pull 

7 Saddle pares and knee bea rings p lunger out full length of stroke. a llow it to 
of the saddle return itself Do t his six times twice daily. Same as 

Do not push plunger Specification 

When level recedes Keep knee reservoir fi lled to line on gage. P;.ll above.: 

co low limit on gage 8 l<nec parts K eep column filled to bottom of threads of /\ lso sec note. t 
fi ller elbow. Drain and refill with clean oil 
after first month o f operat ion . T hereafter 

All pa rts in column (except drain a nd refill. while machine is stopped , 
Twice a Year 10 motor) , including gear shifter abom twice a year, depending on operat ing 

bracket and feed box conditions. /\utomalic Lt1bricatio11. Quan-
t1t1cs listed below 
Rcpl.Jcc pipe plug in vertica l screw ba~c nut P-iO Hc:1,·y, non--corro-

with grease fitting. F ill oil we ll with grease S \\'C, sul r hur, CXlrL"mC 
pressure base. Viscosity 

Twice a Year C) Vertical screw gun. Once a day, run knee to bottom of 9i0 1.0 1050 seconds Sav-
Sec Note• stroke to assure coa t ing of oil on vertic:il bolt nt !00° F . /Such 

(Oil pot is in base) us Sun Oil Co. E . P. screw. Toi le \Vay Lubricant S. 
A E . CJO.) 

Depends on make Front bearinrr is accessible when door on Depends upon type 
of motor and tyre Motor bea rings rea r of colunu;' is opened Rear bea ring is of motor. Cup grease 
oi bearing con- I accessible when louver on right hand side for a nti-friction and 
struc ion of column 1s removed 0 1 I for !>lee ve bea ri n s 

l,luun11i ics required Column l<ncc 
No,. I ond 2 Horizontal J ¼' gols I¼ 1-:nls. 
Nos. J nnd 4 I lo ri zontol 4½ 11nls 2½ Anis 
Nos. I ond 2 Venicnl . . C, 11nls I ¼ Anis . 
Nos J Ami 4 Vcriicnl 11 ,mis 2½ 11nls 

~Note: If power vcnicnl feed is used con• 
tinuously, raise knee to top of st rake 
o nce o day und apply specified lubricant 
ro vcrticnl screw wi th brush . 

tNotc: If the machine is opcratin~ continuouslv ot the 
higher rnni::e of speeds, use a l11:h1cr oil (obow I ;o seconds 
vis ) ,n Srn1 ion I 0. If opcroLccJ com inuousl y 111 1 he lower 
ranAc of speeds, use n hen vier oil (a bout 27i seconds vis.) 
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REAR CONT rlOL 
POWER rlAPIO - F 

TRAVERSE LEVER 

FEED DIAL - B 

SPEED DIAL -c 
REAR CONTROL 
SPEED- FEED - D 

CHANGE LEVER 

i AB L E HANO E 
FEED CRAtlK-

REAR COtlTROL 
PO'I/ER TABLE - S 
FEED LEVER 

REAR CONTROL 
HAtlO CROSS - G 
FEED CRANK 

REAR CONTROL 
POWER VER TICAL -T 

FEED LEVER 

A- STARTING 
LEVER 

FRONT CONTROL 
HAND CROSS - N 

FEED HANOl'IHEEL 

FRONT CONTROL 
POWER VERTICA L- M 
FEED LEVER 

FRONT CONTROL 
POWER CROSS - K 

FEED LEVER 

0 

., (ij\ 

~~ 
"' 

FRONT CONTROL 

l L -HAND VERTICAL 
FEED CRANK 

FRONT CONTROL 
R - POWER TABLE 

FEED LEVER 

FRONT CONTROL 
Q - SPEED -FEED 

CHAt;GE LE ER 

REAR CONTROi_ 
J - POWER CROSS 

FEED LEVER 

REAR CONTROL 
H - HAtlD VERTICAL 

FEED 

Fig ure 8 
Front View of P lain Dial T ype Mill ing Machine 

Showing Operating Levers 
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OPERATING INSTRUCTIONS 
(Refer to Figures 8, 9 and /0 for these Instructions) 

Starting the Machine. Place the cross, vertical, and rable feed levers 
("K", "M" and "R", respect ively) in their neutral or stop posit ions. (Fig. 
I 0) . 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 sta rt ing lever "A" to start the rotation of the spindle . 
An automa tic 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 stationary, move speed-feed control lever 
--o--w··sp££D" . Note that dial "C" is now rotating When the speed 
clcsi red, shown on dial · ·c ·, registers with the arrow, release the control lever . 
N ow pause a second or t, o and then push up starting lever ··A·· . The 
spindle will rotate at the speed indicated by the dial and a rrow. The short 
pause mentioned previously g ives the gears time to full y engage, a nd 
t hereby pre venLs clashing of t he teeth 

SPINDLE SPEEDS (r. p. m. )-HIGH SPEED MACHINES 

Nos.l B.•212012 5132 ,391 471 5()1 74 , 92111-ll l-12117S1220127013 3 3j-l 1-l j51 5163 517u01C)70112001 I 500 

NosJB.>4 1, 222734 41 51 (,3 70 CJ7 122 152IIS, 230 2,6h 57 -l-15550\ ,75 ~-1010-1s1300 

SPINDLE SPEEDS (r . p . m .)-l'vlEDIUM SPEED MACHINES 

Nos. I c1 nd 2 1 201 261321 -1 01 -171 0 I 7-1 I C/2 1 11 61 1-ll , 179, 222, 262133 11 4 1-11 500 

Nos. 3 a nd-I 18 22 27 33 40 51 \ 63 78 96 123 151 187 223 2S1 350 -150 

When working from the rear of the machine, the speed and feed index d ials 
are controlled by lever ··o". Note that control levers "D .. a nd "O" are 
provided with safety pins to prevent them from being moved accidentally . 
On long run jobs . change speeds one ful l rotation of dial each clay. 

Hand Table Feed. Ball crank "E", 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 right¼ 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 pull ing 
them out agai nst a light spring pressure, and rotating them to the desired 
markin6. 

Hand Cross Feed. H anel whee l "N", Fig. 8, is for moving the saddle by 
hand across the top of the knee when working from the fron t of the machine 
while crank "G" is for moving the saddle by hand when working from th~ 
rear. The crank is interchangeable from "G"' to "H"'. One clockwise turn 
of the hanclwhecl or crank moves the saddle ¼ inch towards the column. 
The dia l is graduated into 250 spaces. which is equivalent to .001" move­
ment of the ~add le for each space. 

23 
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Hand Vertical Feed. C ra nk ··L ·· . Figs. 8 a nd 9 , i fo r m oving t he knee 
up or down when \\'Ork ing from t he fron t o f t he m achine, while c ra n k .. H .. 
is fo r moving the knee \\'he n wo rk ing from the rea r . O ne clockw ise turn of 
e ither of t hese c ra n ks rnoves t h e k nee u p /0 inch . The d ia l is g radu ated 
into l 00 equa l spaces, \\'hich is eq ui va lent to .00 l " movemen t o f t he k nee 
for each space. 

Power Table Feed Levers " R" and "S" . Lever '"R .. is fo r engaging the 
power table feeds fro m Lhe fro n t of t he mach ine , wh ile leve r ··s·· is fo r 
engaging t he ta ble feeds fro rn the rea r. T hey a re bot h d irect io na l contro ls, 
that is . t he table moves in the d irecti on in wh ich you move t he lever. 

Be ce rLa in to loosen Lhc table c la rnp1 ng scr \\ ' . l7 ig . 17, r age 3 1, I efo re 
engagi ng the power feed ; a nd 1t 1s a lso a dvi ahlc t Lighten the saddle and 
knee c la m1 ing lever if u ing t he ta ble feed a lo n 

Power Cross F eed Levers "J" and ''•K ". Lever " I ·· 1 for engagi ng the 
power c ross feeds from the fro n t o f t he machi ne . ,, h ilc lever '") ·· is fo r 
engaging t he cross feed frorn the rea r . T hey a rc bo Lh d irection a l con t rol 
le ve rs; t hat is . t he a I li e rnove in t he cJ 1rect ion 1n ,, hi h you move t h e 
le ve r. 

Loosen t he sadd le c la m pi ng le\'C r, F ig . 16, page 30, bd 1·c engaging the 
1 ower c ross feed ; a nd it is a lso a dv isable to t ighten t he table c la m p ing screws 
an I knee c la m p ing lever 1( us ing the cro fee I a lone . 

E 

R 

K 

M 

N 

L 

Figure 9 

FRONT 
° CO NTROL 
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Right H and Vie w o f Kne e 
Lever " Y " is on Hi gh S peed M a c h in es O nly 
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NEUTRAL 

FE_ED LEFT ] FEED RIGHT ~---~~--- --71-•-~ -~ 
FEED IN------­

NEUTRAL --- --~ 
FEED OUT - -----

FEED UP - ,-, 

NEUTRAL 

FEED DOWN 

Figure 10 
Engaged nnd NeL1trnl Positions of Front Control Power Feed Levers 

Power Vertical Feed Levers "M" and "T". Lever ··1v1 .. is for engaging 
t he power vertical feed from the front of the machine , wh ile lever ·•T "1 is 
for engaging the vertical feed from the rea r. They a re both directional 
eontrol 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 leve r, Fig. 16, before engaging the 
power vertical feed ; and it is also advisable to tighten the tab le clamping 
screws, Fig. 17, a nd the saddle clamping lever, Fig. 16, if using this feed 
alone. 

Feeds. The method of c hang ing the feed rates, described below, is similar 
to the rnerhod of chang ing spindle speeds.· If desired, an y combination of 
feed motions, such as cross and table, may be engaged at the same time. 
The sp indle must be running to obtai,1 a feed movement . Re,·ersing the 
direction o f rota tion of the spindle (nplained on page 30) does not affect 
the direction o f rhe feeds. 

Changing Feeds. Start the motor. Starting lever "A .. and the three 
feed engaging levers ("I<", "iv !", and "R" Fig. 9) should be in their neutral 
or stop positions, and the feeds SHOULD NOT be changed while an) of 
these levers are engaged . tvlove 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 a re now in mesh 
to move the table at the feed rate indicated by the dial and a rrow. 

= ==========[ 25 ]========= = = 
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Notice than an aux ilia ry feed change lever is ava ilable for obLa1n ing high 
feed rates on H igh Speed t lachines Thi lever , "Y" in F ig . 9, is located 
on the right hand side o f t he knee . When the lever is engaged in the stop 
at the left, the high series i engaged , a nd the feed rates a re t\\'ice those 
sho\\'n on the feed dial \Vhcn engaged in the stop at the rig h t , the low 
series is engaged , and Lhc feed rates corre pond to those shown o n t he dial. 

STAN DARD rEED RATES (I nches/ M inute ) 
Medium Speed Machines ( 16 Feeds) 

Dia l "B" ind ica tes the long iLU lina l and cro s race o f travel. T he vert i­
cal rate is S the ind ica ted feed . 

STA NDARD FEED R A TES ( Inches M 111uLc) 
/-/igh S JJeed Machines (32 Feeds) 

Diul "B'" ind icates the lo" feed seri es fo r the t a ble and c ro traverse . 
T he high feed series , which is twice the dia l read ing, is obta ined by shift-­
ing lever " Y" (Fig. 9) to the left . The vertica l rate o f t raverse is .8 t h e 
indica ted feed wit h lever " Y" in the position sho\\'n, and 1.6 when it is 
shifted to the le ft. 

Tnhlc an<l Cross F1,cds, 
Lo11 Serie .. ... ... . ½ % ¾ I 11/s I¾ 2½ 2¾ 3% -1% 5¾ 7% 01/s 121/s 151/s 2 0 

- - - - - - - - - - - - - -----
Table a nd Cross Feed-;, 

Hi~I, SC'rics .. .. . . . I I¼ I½ 2 2¾ 3½ -1¼ 5½ 7¼0¼ l t ]/z 1.':i¼ l fJ¾ 2-1¾30¾ ~ 0 

Power Rap id Traverse. The po\\'er rapid t raverse, controlled from the 
front o f the machine by the lever "U" (Fig . 9 ) a nd from the rea r of the 
machine by lever "F" (Fig. 8), may be engage I at an y Lime a nd for an y 
lirection of t ravel with the spindle e ithe r running o r sta tionary . (Of 

course, the motor mus t be running.) The f eecl lever which will g ive the 
d irection of travel d esired must also be engFJgecl ;:i t the same time that the 
rapid tra ,·erse lever is engaged. 

For inst ance, suppose you w;:int to use the vertical rapid traverse. tvlove 
the vert ica l feed lever up o r clown, according to the direction of travel 
desired, then hold the rapid traverse lever in its engaged position, (clown) . 
The sequence of engaging the levers is an importa nt consideration in long 
li fe o f the rapid traverse clutch- always engage the feed lever first, especially 
when using the vertical ra/Jid traverse. 

--=- - - - [ 26 
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Releasing t he rap id t raverse lever instantly changes t he ra te of t ravel 
from rapid traverse to feed in the same direction . 

When the machi ne is equ ipped ,, ith t he standard feed series (listed on page 
26) rapid traverse fo r t he longitudina l and cross movements is at the rate 
o f I 00 inches a rninu te, a nd vertical at 80 inches a m inute. 

When t he low feed series is engaged on H igh Speed mach ines (lever ··y ··, 
F ig. 9, to t he righ t) t he rapid t raverse ra t es a re 50 inches a minute long i­
t ud ina l and cross, wh ile t he vertica l rapid tra , ·erse is -10 inches a m inute. 
When t he m ac hine is eq u ipped wit h the special low f eecl series, i.e. ½ of t he 
~tandard rates tabulated herein, t hen all rapid tra,·erse rates are divided by 2. 

POWER FEED AND POWER RAPID TRAVERSE TO HEAD 
VERTICAL MACHINES 

n,e power feed a nd rapid trave rse attachmen t fo r the head o f t he ver t ica l 
machines is a very ha ndy dev ice for teal room wo rk. It is much mo re 
convenien t t han u ing t he vertica l t ravel of the knee for work requ iring a 
short ve rllca l feed , such as die making. encl milling key \\·ays. accurate 
boring , eLc. 

Refer to 1 :ig. 13 for the operating instruc tions given on the fo llowing page. 

ADJUSTABLE CLUTCH 
MICROME T ER ENGAGING 

STOP KNOB 

HANO FEED RAPID HANO 
HANDWHEEL ADJUSTMENT 

CLAMPING 
NUT CLAMPING L EVER 

F ig L1 re 11 
Sta ndard H a nd Feed t o Vertical H ead 

F igllre 11 
Le ft H a nd S ide of Vertical Head 

Show ing Clatn p ing Lever ' 
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Slow Hand Feed. Hand-wheel "Y" is for the slow ha nd feed of t lie head. 
With feed lever "X" in its neutra l posit ion (approximately horizonta l) and 
lever "Q" at the high s ide o f Lhe eccentric, t run hand wheel "Y" in a clock­
wise d irection to move t he head do,,·n O ne turn of t he ha n l-\\'heel is 
equivalent to a head movement o f .05 ". The dial is g rad ua ted in to 50 equa l 
spaces, which is equiva len t to .00 I" fo r each space. 

Rapid Hand Feed. H a nel­
wheel " \V-' is for the rapid move­
ment o f the head by hand. 
With levers "X" a nd "Q" in the 
positions noted above, turn ha nd­
wheel .. w•· in a clock\\'i e d irec­
t ion to mo, ·e the head up. One 
turn of the hand-wheel move 
the head 6 11

• 

Power Feed. T he feed i La ken 
directly from the feed box on 
the side o f the machine, through 
a spur a nd bevel gea r drive and 
then through a wo rm a nd worm 
wheel to the rack on Lhe head 
Loosen nut "Z" (rig 13 ) a nd 
the clamping leve r on t he left 
ha nd s1 le of the hc:a I before 
engaging the po,, e r f eecl o r be­
fore moving the hea I by hand . 
The head o f the high speed verti­
ca ls m oves a t a rate of a pproxi­
ma tel y .6 the dial reading, a nd 
the head o f t he medium speed 
verticals moves a t a ra te of . 5 
the dial reading. 

P- PO,HR ,:c ED 
TR IP DOGS 

~ - -

H:.1,0 ?AP,Q 

l
w- TO<VERS [ 

HJ.P:O l'f11EEL 

CLU TC H 
I r O - rnoooo,10 

I lE VFR 

:· "'"0 r no y I X PO',HR rno 
H:. r:Ot't f"( [l- -EllG/.GU:G LCV( q 

F ig ure 13 
Vertical H ead Arra n ged w ith Powe,· F eed 

POWER FEEDS TO SLIDING VERTI CAL HEADS 

•Feed lndicnlcd by 

!)½ 12¼115¾ :20 Feed Dial ½ % ¾ l I ¾ I ¾ 21/s ~¾ :3,% -1¾ 5¾ 7¾ ------- - - -- - - --------- - 1- -Actual Feeds io Uead 
High Speed 3 .375 -15 .6 .825 1.05 1. 28 Machines I 65 2 18 2 . 78 3 . -15 -1 58 5 !)3 7 -13i9 ,23 12 

----------- - ----- - - - -Actual Feeds t.o Head 

J ¾ J 1\; 2;•1~1 2½1 31llfi -1 1\;I 6)1~' 1,1,l : 
Medium Speed ¼ !',,-: ¾ ½ 11 -' ½ I J i,; Machines 

...-1,, ,- l'j 

. , Note Ir the machine ha 
speed machines a re ~-.,, 1c" _a specia l recd series o r ¼" to 10", reeds to head on medium = • u indica ted on dia l 

- [ 2s l·===========---= 



VERTI CAL Mi-\CI-l l i-JES 
o.{===::..======-----====== =======J8 

Lever "X" is a directional control lever for engaging the power feed to the 
head T o engage the feed , start the mach ine, move lever ·•Q" to the high 
side of the eccentric, a nd then move lever "X" in the direction you want 
the head to travel. 

Power R apid Traverse. The po \\'e r ra pid traverse is controlled by feed 
leve r " X " a nd the regul a r ra pi I t raverse lever (Fig. 9) in front of the saddle . 
1 love t he f ce I lever in t he lirection you want the head to move and then 
hol I d ie q u ick traver e lever in it engaged po ition . The rapid move­
ment o f the head i a L Lhe rate o f -1-1" a minute for the medium 
peed m ac hine a nd 3 1 " a minu te for t he high spec I m achine . Sec pa ra ­

g raph enti t le I "'Four P o it ion Tu rret Stop a nd Dia l In licato r ·· 

Clamping the Head in Pos ition. N ut ··z· · 1 for c la m p ing t he head in 
posit ion . The leve r o n the lefL ha nd side of the hea I ca t ing (F ig. 12) is a 

1uick a Ling c la m p \\'h ich I con vcn ien L "hen u ing t he fee I to the head . 

Trip D ogs. Dog ··p·· d i engage thc--p " ·e r keel I :, trik ing a sma ll 
p lu nger which I connccLecl to lever ··x . Do no L rerno ,·c the top scre" s 
\\'h 1c h l1m1 t t h posiL ion for ett1ng t he e log in a n effort to o bta in greate r 
Lra ve l to Lhe head 

Lever "Q" is for d i engagi ng Lhe worm 
dri ve "hen it is necessa ry to move the head 
wit h ha nd-wheel "\\I" . 

Four-Position Turre t Stop and Dia l 
Indicator. The do\\'n wa r I powe r rapid 
Lra , -erse movemen t o f t he head should be 
di engaged before the turret scop sere \\· 
contac Ls the I lunger a t the cop o f t he 
indica t o r bracket . Fa ilure to do so ma ~· 
result in a wreck, as the hea I may ··coast·· 

a fter t r i1 p ing the feed I lunger. The turret 
scop hou ld be used as a feed tri p on ly. 
Aft e r trip 1 ing, the hea I s houl d be adjus ted 
LO fina l position b y ha nd whi le noting the 

in lica tor reading . 

~-===- =l 29 J 

Figure 14 
Four-posit ion Turret Stop 

nnd Dint Indicator 
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SETTING UP THE MACHINE 
( Ref er to Figs . 15, 16. 17 a nd I R) 

Overarm, Supports and Braces. Loosen nuts ··s-l3 · a n I m ove the 
o verarm to the desire I pos ition by turning pi lo t wheel ··A·. If t h e cutte r 
chatters an excessi ve a mount luring t he cut , ir is a lvi able to use Lhe 
o verarm braces to correct t h is f au It . 

Clamping Devices for Sliding Units. Screws ··1-1-- , through in termedia te 
shoes, clamp t he table in pos ition when t1ghtened . T igh ten t hese sc re ws 
onl y when using the cross o r vert ical feed a lone. D o not t ig.h ten r h em 
when using the table fee l, o r the table gib will \\"ea r 111 the spots a t 
which the pressure from the screws 1s applied. a nd Lhe rc is a l. o much m o re 
liability o f the bearings ""scoring· d ue to the bea ring pressures be ing con­
centrated. 

Lever '"L"' 1s for clamping Lhe saddle 111 posit ion when u ing t he table o r 
vertica l feed Do not tigh ten t h is lever when us111g the c ross feed , as there 
is da nger of scoring the bea rings in t he same m an ne r as lesc r1bcd in the 
preceding pa ragra ph . 

Clamp the knee in pos1uon when usi ng the table o r cross feed by tig ht en­
ing lever"'!- '" . Do no t Light en Lh1s lever "hen u in rr the ve rtic.; a l feed. HS 

there is danger of scoring Lhe column bea ring~ 

Reversing the Direction of Rotation of the Spindle . T he lirect ion of 
rotation o f the spmdle mus t be the same as th e · ·h a nd· · of t h e cu tter ; Lha t 
is, rhe rota tion musL be clockwise fo r a ·· ri gh t ha nd"' cu tter. a nd _ coun ter­
clockwise fo r a " left ha nd ·· cutter. T he d irection o f rotation is con trolled 
by lever "C', as shown b , t he spindle rever e pl a te nea r it. Do n o t t ry to 
moYe the reve rse le\·e r whil e the spind le is in motion . 

Note that "RIGHT" and "LEFT " on I he I indl e reve r e p la t e indicates 
the direction of m ta tion of t he sp ind le "hen v iewed from the rea r o f t he 
machine 

SPINDLE 
REVERSE 

LEVER 

Figure 15 
Vie w sho wi_ng Spindl e Reverse Lever 
on Gear S l'.1fter Bracket . Lever "C" is 

Locked in Neutral Position Whe n 
M a chine is Shipped 
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FigL1re 16 

TABLE -- H - CLAMPING 
LEVER 

SADDLE - L - CLAMPING 
LEVER 

KNEE F - CLAMPING 
LEVER . 

Right Hand Vie w of Knee of 
M ediL1m Speed M achine 

--============ 
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A PILOT WHEEL FOR 
- ADJUSTING OVERt.RM 

OVERA?.11. 
CLAM PING 

BOLTS 

B 

VERTICAL FEED - D 
TRIP DOG 

K_ RAPID TRt.Vf.RSE 
TRIP DOG 

TABLE 

1 J -FEEO TR I P 
I DOG- LEFT 

TABLE 
FEED TRIP -J 
DOG-RIGHT 

TABLE 

l H - cLAM P1NG 

SCREW 

E- CROSS FEED 
TRIP DOG 

. Figure 17 
Front View of No. 2 Dial Type Hori=onta l i\llillcr 
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RAPID TRAVERSE TRIP PLUNGER \ 

POWER TABLE FEED LEVER l 

rr--~ ---~c::::::::::____-~---.-~.......-,. i ! ·1-----, 

I 
I ~TABLE FEED TRIP DOGS "J''_j 

. '-· --- - - ----RAPID TRAVERSE TRIP DOGS
11 K"------ ~ 

'--- - --- --- --- TABLE POSITIVE STOP DOGS ---------~ 

Figure 18 
Table Dogs, Pla in and Vertical Machines. 

Long Dog must be to t h e Left o f the Table 
Feed Lever. Short Dog t o t h e Right 

Trip Dogs. Dogs "j" a re for automatica ll y toJ I ing the ta ble feed at the 
end of the cut or at any desired point in the ta ble trave l. wh ile clogs "I<" 
(pla in and vertical machines onl y) au toma t ica ll y t rip t he ta ble rapid 
traverse. Do not remove the s top dogs which lirrn t the posit ion fo r setting 
the trip dogs T hese stop dogs a re used as a sa fet y measu re to I reven c t he 
tri p clog being set beyond the actual range of the t a ble. If t he job requ ires 
a g reater tra vel than the machrne a llows, it must be m illed on a la rge r 
machine with g reater ra nge. 

Dogs "E" are for automat ica ll y stopping t he cross feed a t an y desired po int 
in t he cross t ravel. Safet y dogs prevent t hem from be ing set beyond t he 
actua l cross range of the machine. 

Dogs " D " are for automatica ll y stopping the vertical feed at an y d esired 
point in the vertical tra vel. Do not remove the stop screws which limit the 
posiuon fo r sett ing these dogs. 

POWER TABLE FEED LEVER 

~ ~ =======ij ~ ' 
I L '"" mo '"" om "J'' ~ 
'------------ - TABLE POSITIVE STOP DOGS ------ ------' 

I 

Fig u , e 19 
T able Dogs- Universa l Machines 
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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 clog 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. 

\.Vhen 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 permi t. 

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. \;.,ihen 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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Figure 20 
Settin g the Spindle 

Speed CalcL1lator 

Speed Calculator. The size and kind of 
cuLter, work mater ia l. cu tt ing speed, and 
cutter R.P .lVI. a re a ll cali bra ted on the 
ca lcu la tor. By properl y ctting two discs, 
you can quickly determine Lhe correct cutter 
speed . Three factor mus t be known : 

I. Cutter diameter; fo r exa rnp le, assume 3 ". 

2. C utter materia l ; assume H igh Speed Steel 

3. \Vork mater ia l ; a urne S;\E-10--1-5 steel. 

T o et Lhe calcul ator, proceed in the fol lo" ·ing 
manner : 

I. Rotate the re I disc until t he cutter 
d iameLer (3 ") registers with the sma ll 
a rrow above the u pper window 

2 Rotate the black di c to b ring the cutter . 
materi al (High Speed Steel) in the lower 
window. 

3. Now fo llow left and downward from the work m ateria l (SAE- 1045 s teel) 
shown on the black d isc, to read on t he red sca le the recommended 
cutter R .P .1 f., which is about 80 to 97 R .P.M . 

Choose the spind le speed avail able on the machine nea rest to-or within­
this ra nge, tak ing in to consideration, of course, t he hardness of t he work 
piece and the genera l conditions of the cut. In the case o f the CINCIN­
NATI \Jo. 2 High S1 eed Dial Type Milling Machine, for exam p le, the 
spindle speeds ava il able in this neighborhood are 74 and 92 R .P.M ., thus 
'-

1:here the cutt ing cond itions a re normal (as we ma y assume in the present 
ca e), the 92 R .P M. speed shou ld be selected, while if Lhe work p iece has 
been given a ha rdening or toughen ing heat treatmen t, or cond itions are 
otherwise unfavorable, Lhe next lower speed (74 R . P . M .) should be chosen . 

The cutting speed or perip heral speed of the cutter for t he recommended 
R.P.M . may be found if desired by reading directly from the red scaleto 
the black scale. Thus, for t he above example, with the sam e setting as in 
Fig. 20,,oppo~ite 92 R.P.M. will be found 72 feet per minute, while opposite 
74 R .P. vi. will be found 58 feet per minute. 
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CUTTING FLUIDS 

Several types of cutting fluids a re avai lable for milling operations, but only 
two are considered here; ( I) Cimcool , a product of The Cincinnati M illing 
l'vlach ine Co. and (2) soluble oil , sold by most oil companies. Cimcool is 
recommended because of certain outstanding advantages, particularly in 
c leanliness a nd sterility, and absence of vapors, hot chips and slippery film. 

Good results will be obtained by fallowing the suggestions outl ined in the 
next three paragraphs. 

Cast iron. Ordina ril y, cast iron may be milled dry. If t he cut_ter is small 
and the cut is rela tively deep, as when T-slotting or rounding out keyways, 
an a ir blast from the comp ressed air line will keep the cutter sufficiently 
cool a nd wi ll a lso clea r out chips. 

Brass, soft bronze, and aluminum- milled dry. If the part deforms 
from the heat of machining, o r is too hot to handle, cutting flu ids may be 
used. Use one part of Cimcool or soluble oi l to forty parts of water. 

Steel, malleable iron, wrought iron, and hard bronze-A mixture of 
one part o f C imcool 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 ha rd steel. Soluble oil may be used in richness 
va rying from one part in ten parts of wa ter for hard steel to one part in 
forty parts of water for ma lleable iron. 
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CLEANING THE COOLANT RESERVOIR AND 
COOLANT STRAINER 

The coolant reservoir in Lhe base of the 

machine should be cleaned ou t occasion­

a ll y to ma intain the full capacity for cool­

am ; and to prevent gri t from circulating 

with the coolan t and thereby \\'earing 

our the pump gears too rapidl y. Remove 

Lhe cover over the cleanout 01 ening at 

the side of the base, Fig. 2 1. With the 

aid of a sma ll scraper, si milar to Lhe soot 

sc raper fo r the old-fashioned coal ra nge, 

scrape out the sludge. 

T he coolant stra iner should be cleaned 

about once a \\'eek to assu re a free flow 

of coolant. Loosen t he coupling next 

to the pump and lift out the suction line 

and strainer Wash the strainer in 

kerosene or naphtha , a nd blow it out 

with an a ir hose. 

/ 

/ ./ 

I 
I 
' I 

I 

COOLANT 
PUMP 

-- --~-...... 

Figure 21 
Coolant PL1mp. Re lief Valve, 

and Stra iner 
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ADJUSTMENTS 

Figure 22 
Section Through Head Type Gib 

with Guard 

Figure 23 
Section Through Headless 

Tyre Gib 

PC-202 

Adjusting the Tension in the V-Belts 

Adjusting the Gibs. Two 
t ypes of gibs, shown in Figs. 22 
and 23, are used to take up the 
wear between the sliding units. 
The amount and method of ad­
justment, however, are about 
the same for each t ype. Adjust 
the gib inward (the screws have 
right hand threads) and try the 
movement of the unit with the 
hand crank. 

When adjustment of the gibs is 
necessary, they should never be 
drawn up so tightl y as to pro­
hibit free movement of the parti­
cular unit b y mean5 of the hand 
c rank.Tight adjustment squeezes 
out the oil film and causes scor­
ing and untimely wear. Clean 
the bearings of the sliding units 
occasionally to avoid undue wear 
on the ends of the gibs. 

Be sure to retighten nut "C" 
when adjusting head t) pe gibs. 

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: K eep oil and grease away from 
them. Never apply be lt dressing. Be sure pulleys are in line ; adjustable 
motor rails are provided for this purpose. 
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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 \ ear exceeds t hese limits. Nut "B" , (Fig. 24), regu­
lates the allowance for the self-compensating effect, or wear ; which is about 
.020u when the clutch is new or after it is adj usted . 

The position of nut .. A .. determines the fo rce transmitted by the spring to 
the clutch plates, and therefore determines the load which the clu tch wi ll 
carry. Nut "A" is set by our assemblers to obta in the fu ll capacity of the 
spring ; therefore it should not be moved within the life of the clu tch. 

C 

A 

Figui·e 24 
Section Through Main Drive Clutc h 

To make the adjustment to insure proper c lutch engagement, p roceed cis 
follo ws : 

I. Start the motor, full y 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. Turn nut "S-' in J clockwise direction as far as it will 'go (touches nut 
"A"), then back it away about two notches. 

5. Replace the cotter pin. 

The 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. l f 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 
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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. An y 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: 

I. Remove the small brass cover 
"D" which is held to the feed 
box by four ¼" hex head cap 
screws, Fig. 2 5. (These in-

. .structions are also engraved on 
this cover) . 

2. Loosen screw .. A .. . 

3. Pull out lock pin ··s·· and turn 
adjusting yoke ··c.. towards 
the plates. (The threads are 
~ight ha nd) . 

4. See that lock pin "B"' is en­
gaged in one of the holes . 
Tighten screw "A". Try pin 
"B" to be sure that it moves 
freely in and out of the locating 
hole. 

5. ~eplace cover "D". 

Figure 25 
Section Through Rapid Traverse 

Clutch 

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 docr will 

0 

not clear, the clutch should bc·acfjusted 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 bea ring only. 

Figure 26 
Section Through Right Hand 

End of Table Feed Screw 
Mounting 

LOCK SCREW 

r ADJUSTING NUT 

~~7;:;=zo::LLL I· LOCK SHOE 

I. Remove the cone shaped cover ove r the end of the tab le feed screw at 
the right hand end of the table. 

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

3. Tighten the adjusting nut with a face spanner wrench, a nd then back 
away about 1/ 16 turn or less. 

-1- . Re-tighten the hex head screw and rep lace 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 bea rings. lt i important, of course, to see that the table 
gib is loose enough so that the table can be easily moved in order to di fferen­
tiate between a Light lead screw bea ring a nd a tight gib bearing 

When the .. play·· is caused by a worn lead screw a nd nut, it is necessary to 
replace these parts in order to obtain accurate work. 

I 40 ] 



ADJUSTMENTS 
G-{========= ======== =====jB 

Adjusting the Cross Feed Screw Bearings. 

I . Remove the screw at the end of the c ross feed screw, and remove the 
cross feed hand wheel (Fig. 27). 

2. Remove the screw plug through the diameter of the cross feed d ial. 

Figure 27 
Section Through H a n d- , 

ADJUSTING NUT 

DIAL CLUTCH 

SPRING 

PRING CROSS FEED 
TAINER - HANDWHEEL 

wheel a nd Front Bearing - - - -· 

of Cross Feed Screw ~~~;;~~~~:tf~~~~~Bi~t!~~~;;:;=~~ 
1t '-- CLUTCH 

COLLAR 
■SET SCREW 

,, .... , ~ ,,, 

3. Turn t he dial until a set screw is visible through the pipe plug hole. 
R emove th is screw. 

4. Slip the dia l, spring retainer and spring off the clutch. 

5. Knock out the taper pin through the clutch, remove the colla r sere,, 
frorn t he oblong slot, and remove the clutch and collar. 

6. Inser t eye bolts into the two threaded holes in the dial clutch, and 
~- remove it by pulling straight out. 

;,y /,. , 

·.-4f ,}The adj usting nut is now v is ible . However, before it can be adjusted , 
·· · two dog point locking screws-must be removed . These scre,,·s , one on 

top of the other, will be found in the knee casting near the d ia l. 

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 remoYed. 

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 "Adjust ing the Lead Screw Bearings." 
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Figure 28 
Section Through Spindle of Horizontal M a chine 

Adjusting the Spindle Bearings 

I. Shift the spindle reverse lever to its m idd le position . 

2. Remove two keys in face of spind le . Cla m p a rec ta n gular rod , about 
IO or 12 inches long, in the key slots. 

3. Horizonta l Machines-remove pipe p lug "B" a t the side of the column 
(Fig. 28) . 
Vertical machines-remove t he sm a ll rec t angul a r p late in front of the 
vertical head. 

4. Loosen hex head screw "C' and tap the socket ,, rencl1 to loosen the 
shoe in the locknut. 

S. With the socket wrench in position, turn the s pi ndle counter-clockwise 
about a revolut ion and then clockwise until t h e bearings a re drawn 
up snug. ( Important- ec last pa ragraph on end p lay) . 

6. Re-tighten hex head sc rew "C" a nd rem ove the ,,;rench. 

7. Now rotate the spind le severa l t imes b y hand t o properly sea t the 
bearings. 

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

Adjustment of the front eari ngs onl y is suffic ient in a ll cases and the rear 
bearings should not require atten t ion. 

Machines ,,hich a re used for genera l purpose wo rk should have a bout .001" 
end play in the spindle I earing . Machines fo r high speed work exclusivel y, 

= ==-===-=====-==-[ 42 ]==========- . 



f\DJUSTiv1ENTS 
cf======================J0 

uch as those for high speed ca rb ide m ill ing, should have a bou t 002" end 
p lay in t he sp ind le bea rings. T hese read ings a re t aken with t he bea rings 
cold 

This ··end play .. can be measu red by indicating the encl of the spind le nose 
\\'i t h a 10 ~ 00 ind icator and ligh t ly tapping the spindle from the f ro:i t to the 
rea r a nd reading t he ind icator d ia l. T he tempera tu re of the spind le when 
run con t inuously at its h ighest speed for fou r hours , should not exceed 
145 ° F. ,, hen properl y adjusted. Test t he tem pera ture with a t hermometer 
inserted into one of the screw holes in the spin li e cap. 

Speed G ears Fa il to Shift. If the speeu gea rs do not sh ift , t he d ifficulty 
ma y usua lly I e t raced to d irt 111 the oi l or a I oor grade of o il , causing the 
relie f va h ·e plunge r to tick a n I ho ld the ha ll o ff its sea t . 

CLEAN-OUT 
FOR RELIEF 

VALVE 

F ig u re 19 
Gear S hif t er Brack et 

0 i"dina ri ly, t his condition can be easil y corrected by removing sc rew .. A ., 
F ig. 29, whil e t he motor is s topped, and b lowing a st rong b last o f ai r in t he 
ho le . If t his docs not help, it may be necessary to adjust t he pressure of 
the oi l pum p in t he column (see next page) or to remove t he gear sh ift er 
bracket. Instructions fo r removing t his unit a rc given in "Ser v ice t"vlanu a l 
a nd Repair Parts Catalog for C INC INNAT I Dia l Type M illing i'v lachines .. , 
a copy o f which was sent with t he m achi ne. O nl y experi enced m aintena nce 
men should do t his j ob. 
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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

adj ustmen t. 

A 

TOGlAR S,1-ClrT~ 
-&lt.ACl((T 

Figure 30 

PACS!,U~C PUUP 

OPC.·(U 

Oil Pump and Piping in Column 

PLATE ON TOP 
OF COLUMN 

I 
STARTING LEVER 

BUSHING 

Figure 31 
Section Through Relief Valve and 

Starting Lever Bushing 

I . R emove screw plug '"A "", 

Fig. 30, at bottom of gear 

sh ifter I racket. Screw at 

least a 500 lb . hydraulic 

2. 

gage in th is connect ion. 

This is a ¾-16 R. H. 

ta1 1 e I ho le an I requires a 

special ntting, or drill and 

tap¼" pipe thread through 

plug " A"" for gage. 

Pull overarn1 forward to 

uncover p late on top of 

column, l' ig. 3 I. Remove 

t his plate. 

3. R emove first of two 

¾ " hollow headless 

set screws in the end 

of starting lever 

bushing at "B"", Fig. 

31. 

4. Turn second screw 

at ""B"" in to increase 

gage pressure. It 

should be 290 lbs. to 

310 lbs. Replace 

locking screw. 
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SAFETY PRECAUTIONS 

T he t able and vert ica l trave rse dog slots are provided \\'ith stop dogs and 
sc rews, respectively, which limit the position for setting the t rip dogs. Do 
no t remove th ese stops or t.he t rip dogs in an e ffort to obta in more travel , as 
serious d amage to the machine may result. If the j ob requires a greater 
range than t he sa fet y stops and dogs a llow, it must be m ill ed on a mach ine 
"ith greaLer Lal le t ravel. 

Safe ty log for Lhe c ross t raver e are pinned in place, making it impossible 
to e:-:cee I t he c ross traverse. 

I f t he spindle s peed decreases , hen the table starts to fee I t he work into 
the cut le r. Lhe motor o r cl u tch is at fa ult. H ave the motor inspected and 
repa ired, 1f necessary, by an experi enced repa ir man . Then agai n note the 
ac Lion of Lhe sp ind le when cutting. If it still slows down a noticeable 
amoun t, c1dj u t t he !ri v ing clu tch as d escribed on page 38. To avo id 
po s1blc d arnage to Lhe cluLch or moto r, make these co rrect ions as soon 
as you noLice t he spindl e speed dec reasing under load. 

·1 he clutches on a ll ha n I crnnks a re provided with releasing dev ices to keep 
thern out of engagernent while they a re not in use. Do not remove the 
device for t he sake of keeping the c ra nk in engagement, as it m ay result in 

Figure 32 
Hin ged Cover O pen t o Show B~lt 

Tens io n Adjustment , S a fe t y Switc h 
a nd G ear Driven Coola nt Pu111p. 

serious injury to yourself or some 
ocher operator. 

Do not t ry to reverse t he d irection 
of rotation of the spindle \\' hi le it is 
in mot ion . 

If you should decide to inspect the 
V-belts or the motor, and forget to 
shut off t he electric current at the 
push-button station , the motor \\' ill 
stop as soon as the hinged cover at 
the rear of the machine is opened . 
The contac t switch just above the 
la tch bracket on the column, (indi­
cated by a rrow, Fig. 32) compensates 
fo r such an oversight b y automa­
ticully breaking the circuit. When 
again s ta rting the machine, it will be 
necessary, of course, to la tch the 
cover and push the starting button. 
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DIVIDING HEAD 

Cincinnati Dividing and Sr,1ra l !'vfillrng I leads a re used ex tens ively in 
rrnlling spiral and helica l gea r , constant veloc it , drum cam s, e tc. T he 
manner of transmitting mor ion Lo the sp ind le in the head is the same for 
both types, but the con truct 1on o f the ma in ca t ing a re enti rely d iffe rent 
The Divid 111g Head rs des igned o thaL its sp ind le can bes,, ive led vertica ll y, 
"·hile the spind le of the Spiral M illing I-l ea I is rig id ly fixed in a one-p iece 
housing to provide an attachment u1table for heavy a n I conti nous helical 
milling Change gea rs a rc the same fo r both type of hcacls a 'l I t herefo re 
the ca bl es and inst ructrons 111 th1 book let app ly to I o th t rpes. but the 
dril'rng mechani m Ll/ltl (F,gure 37) are not 111terc/1w1geable f rom one to the 
other 

T he spindle of the Di" iding Head is housed in as" i,-el b lock. ;illo" ing it to 
be S\\·ivelcd Lo an · angle from 5 ° belo\\' the horizon ta l to 50 ° l)eyond the 
,·crtica l. This arrangement permit I c, el gea r o f a n y p itch a ng le Lo be 
1111l lecl , and many other types of ,, ork requ ir ing concen trica ll y s1x1ce I s lots 
or holes at an angle to the ccn rer line of the " ·ork I iecc. 

T he tai lstock center ma,· he SI\ i,·elecl, a n I a l o ra ised o r lo" creel , for 
taper \\'Ork. T he center-ba r i re,·e r ibk , to h ring either t he la rge o r the 
small center point in to" orking po it ion . 

There are a fc"· oil cup in th 
perio l1ca lly. 

Fig ure 33 

Be sure to c1pply oi l 

12 • Dividing H ead, Tai ls tock , S teady,·est a nd Ori ving M ech a nism 
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INDE X 
PLATE 

SWIVEL BL OCK 

D IVIDING HEAD 
- ---- -------===== JO 

SPINDLE 

CENTER 
ADJUSTMENT 

EC CENT RIC FOR 
DI SENGAG I NG WORM 

CENTER 

SWI VEL 
LOCK 

SLIDE LOCK 
AND PIVOT SHAFT 

CLAMPING SOL TS CENTER 
(BOL T ON LEFT BEHIND CASTING) 

Figure 34 
R ea r View of the 10 " Dividing H ead a nd Tailstock 

Because of the splined ha ft dr ive. the D ividing Head headstock need not 
be placed flu sh with the end of the table when set up with the driving 
mechan ism 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 maxin,um of 10¼ " from the encl of the table. On the No . 4 
machines. th~ 12" an I 14 " heads may be power driven while clamped as 
rnuch as 14¼" from the encl of the table . 

SPECIFICATIONS FOR DIVIDING HEADS 

Toper Overnll Overnll 
Distuncc f ron1 Approx. Weight 

Actual Length Endof Spindle 
Size Swing Hole in of Length to Tobie 

Spindle of Head when Spindle Dividin g ITnilstock 
Tailstocl< is Vertical I-lend 

I U. I 10/2 " 1 10 B&S I 6%' 

I 
131/s ' I IO i,i; " 140 lbs. , N lb!. 

Di viding Heads. 12 " 
I 

12 ½ " 11 B&S 71/s. 15 1/s u 12¼ ' 122s lbs. 52 lbs 
14" I 4 )1 " I I I B&S 71/s. 15 1/s" 11¼" 233 lbs. 'i 5 lbs. 

Ratio . . . ... ... 40 to I 

Holes Drilled One side- 24, 25, 28. 30. 34. 37. 38. 39. 41. 42. 43 
in I ndcx P late ... Other side- 46 . 47. 49. 51. 53. 54. 57. 5S. 59. 62. 66 
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The Sector. Index plates on all CINCINNATI Dividing H eads, Spiral 
Milling Heads and similar equipment ha ve 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 se ries of twelve holes (spaces) 
in the 66-hole circle. The hole in which the index pointer rests, should not 
be counted when setting the sector. T his factor is sometimes the source 
of a mistake in setting up dividing head work, and must not be overlooked. 

INDE X 
~- PLATE 

, --- - ......1-- LOCK 
SCREW 

•~ - - - .....J- SECTOR 

--- --- --~~/-- - STOP 

Figure 35 
Dividing Head Sector Set for 2'20 Divisions 

After the sector is spaced 
for the desired number of 
holes and tightened with 
the lock screw, no further 
counting of holes is neces­
sary . .tvlerely withdraw the 
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 
the sector to aga in bring 
the le ft hand arm against 
the pin. The Dividing 
Head spindle and work will 
then have rotated 1/220 
revolution (for the set-up 
illustrated). 

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. T hen for each of the 21 divisions, rotate the 
index pin through one revolution of the crank, plus t he spacing of the sector, 
or 38 spaces. 

Index Plate Stop. The index plate stop, Fig. 3 5, engages notches in the 
index plate, prevenring it from rotating. If 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 
from 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 
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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 index ing. 

T he index plate stop rnay a lso be used as a guide to accurately reset work 

which has been removed from the Dividing Head for purposes of inspection. 

First 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 accuratel y 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 18~ 60 of a 
revolution of the ,,·o rk . 

=======5~1"\==j~..,.iiiill!!'iil!'!!'!'llllllll~ 

. ".l i 11 ;! .. ~ • ~ A 

Figure 36 
Dividing Head Set-Up for Milling H elical Gears 

Setting Up the Dividing Head and Driving Mechanism. The instruc­

tions outi inecl for this set-up should be followed in the order in which they 

are I istecl. 

l . Clean the t able 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 su itable position for the length of the work. (On No. 2 !V[achines onlv 
the rear of the headstock must be app roximately Aush with the righ; 
hand encl of the table). 
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3. Test the dividing head spindle with a test ba r and indicator to see 
that it is parallel with the table. 

4. Clamp the ta ilstock in the proper position, depending upon the lengLh 

of the work. 

5. Line up the tailstock center with the hea !stock center. 

6. Line up the cutter centra l wit h Lhe d ividing head or tai lstock center. 
Note. -\\ihen mi lli ng extremely teep he lica l angle . o lde r Spi ra l 
i'vldlmg Attachments on Nos. 3 a nd -1- D ia l T ype tvlille rs requi re I" 
pa ra llel blocks beLwcen t he attachment hous in g a n l machine column 
ro bring the cutte r ou t to ·che center of t he \\·o rk . 

7. Lock the saddle in position . 

S\\' ing Lhe Lal le to th e corr c t angle. ( n1 vc r a l rnachine onl y .) I f a 
Spiral i'vlilling Attachment 1s being uscc.l on a p lai n m achine, swing it 
ro the correct angle. 

9. Lock Lhe housing in I osiLion . ( ni versa l m achine o nl y) 

10. \ViLhdraw the index plate cop (1-.- ig 35) . The index p late must be 
free LO revolve \\'ith the inclex pin . Note- T he stop engag ing the 
notches in t he rim o f the index p late s hould I c e ngaged o nl y \\·hen the 
D ividing Heacl 1s u eel \\·1rhou t the !rivi n g m echan i 111 . 

Fig ure 37 
Dividing H ead Driving M ech a nism 
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I I. Set up the change gears. 

12. Set the index plate and sector for the proper spacing. 

13 . 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 set the table s top dog to the left of the arrow. See inst ructions ""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 15¼" lead. Consult the "Table of Leads" and find the lead which 
is nearest 15¼-in Lhis 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 fo r 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'. 

Settin~ Up the Change Gear Segment. Remove the cone-shaped cover 
on Lhc apron at the ri ght-hand end of the table (Fig. 26, page 40). Then 
place the change gear segment on the apron, screw half-nuts on the two 
studs, and ti ghten them securely. 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 t he set-up has b~en completed, move the table by means of the hand 
feed c rank . to be sur~ 'tha t 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. 

Right-Hand Left-Hand 
Helix Helix 

Dividing Head Remove gear Y Gears X and Y, as 
Reverse gear X shown in Fig. 37 

12" and 16" Gears X and Y, as Remove gear- Y 
Spiral Head shown in Fig. 37 Reverse gear X 
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Calculating the Change Gears Required for a Given Lead. Many 
leads can be obtained other than t hose listed in t he table . They were 
omitted because the d ifference 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 you to calculate a ll the poss ibilities. 

Lead 

10 
= 

Driven 

Driver 

Suppose you want a lead of 3 5 .789 ", 

35.789 = 3.5789, 
IO 

Gear A = 51 Teeth 
Gear B = 27 Teeth 

= 
AxC 

BxD 

5 I x 3 6 = 3 _ 5 79 
27 X 19 

Gea r C = 36 Teeth 
Gea r D 19 Teeth 

Standard change gears furnishe I with enclosed driving mecha nism : 

I - 17 teeth 2 - 24 teeth - 42 teeth 
l - l S teeth l - 27 teeth l - 45 teeth 
1 - 19 teeth 1 - 30 teeth 1 - 48 teeth 
1 - 20 teeth 1 - 33 teeth 1 - 51 teeth 
I - 21 teeth 
l - 22 teeth 

1 - 36 teeth 
1 - 39 teeth 

l - 55 teeth 
l - 60 teeth 

A Jew gear combinations can not be used (and , consequen tly, are not tabu­
lated) because of interferences. For example, lead 36.090, gea rs 48- 19-30-21 . 

Emergency Conversion to Short Leads. W ith the stan<lard driving 
mechanism illustra ted in F igure 37, leads lower t han those listed in the 
tables, pages I 00 to 116, 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 gea r "D". A 34 tooth gear is now exposed, meshing with the 34 
tooth gea r on the lead screw (d irectl y below gear "D") . Remove these two 
34 tooth gea rs, and replace them with the standard 51 moth change gear 
on the lead screw and the standard 17 tooth change gear on the stud for 
gear "D". Instead of a I to 1 ratio, we now have a speed-up of 3 to I. 
Leads fo r the change gea r combinations listed a re now divided by 3. 
Cautwn : Some of the change gea r combinations a re not obtainable because 
of interference with the segment. 

This set-up should be used only for occasional jobs. If leads shorter than 
2½" are cut often, we recommend t he Long and Short Lead Attachment. 
Of course, this attachment can be installed onl y at our fact o ry, as extra 
parts must be assembled into the saddle of the machine. 
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Leads Near the Low Range. When cutting leads with in the low range 
of the D ividing H ead driving mechanism, certain precautions should be 
observed . If, for example, the gears a re set up for a 10 11 lead , the ratio of 
the change gears is I to I, and t he table feed (lead) screw rotates -10 revolu­
t ions to one revolution of the d iv iding head spindle. 

For leads grea ter than I 0 11
, the dividing head spindle runs slower in relation 

to the speed of the lead screw. Exam ple: 20 " lead, table feed screw 
ro tates 80 revolutions, whi le the dividing head spind le rotates one revolu­
tion. T his requires a cha nge gear set-up which reduces the speed from the 
lead screw to t he d ividi ng head, resulting in a mechanica l advantage in 
transmitting power . 

For lea Is shorter than 10", the divid ing head spind le runs faster in rela tion 
to the speed of the lead screw. Example : 5 11 lead, table feed screw rotates 
20 revolutions, wh ile t he di v iding head spin lie rotates one revolution . 
T he change gea r set-up for these low leads increases the speed from the lead 
screw to t he d iv iding head, result ing in a mechanical disad vantage in 
transmitting power. The slow speed o f the lead screw causes a ··wind-up··, 
which may produce a s lightl y j erky motion when milling short leads on 
la rge dia meters o f work . Therefo re, condit ions should be as nea rl y correct 
as possible when cutting sho rt leads, pa rticula rl y those from 2½ 11 to 5". 
These cond itions may be summarized in a few ,, ords. (a) the table g ib 
should be correctly adjusted (not too tight), (b) the cha nge gea rs should 
have a s light amount of back-lash , (c) t he table ways and lead screw should 
be well oiled, (d) the table fee I screw shoul I rotate free ly. Also, it might 
I e noted tha t with a relatively high table feed, say 5¾" per minute. a 
g reater proportion of power is ava ilable a t the d iv iding head. 

When a ll contr ibu t ing factors a re correct, the machine will pull a reasonable 
cut with a set-up for the lowes t lead of 2½ •. If the cut should be unneces­
sa ril y heavy, then it is adv isa ble to feed by hand. This may be done by 
a llm ing t he table feed engaging lever to remain in neu tra l position a nd 
dr iving t he d ivid ing head and ta ble by hand through the index crank in 
fron t o f the index plate. With a short lead set-up hand feed is very easy, 
as t he mecha nica l advantage is then in favor of the operator. 

If leads lower than 5 11 must be cut of ten, we recommend our short lead 
mechanism. (It may be applied to Universal m achines onl y.) T hen leads 
as low as .0 IO" may be cut by power. 

Rapid Traverse and High Feed Rates . \Vhen the driving mecha nism 
is set up for low leads, do not engage the t a ble rapid traverse, or use high 
feed ra tes of I I" or 1611 per minu te. Such rapid rates of t a ble traverse drive 
the dividing head too fast, resu lting in rapid wear or perhaps "freezing" of 
the d ivid ing head spindle in the block, as they a re 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 7½" 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 foll owing formula: 

Tangent of angle = 3. 1416 x di am ete r 

lead 

3.]4]6 X 3 
In the above example, Tan. angle = 

7. 5 

Angle= 51 ½ 0 (See table , page 121. ) 

= 1.2566 

How to Calculate Indexing with the Side Plate. (SLanda r I Di vi ling 
Head). In case a particular circle of holes on the index pla te 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 I, then: 

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

2. If a fraction of a turn is required, the d enominator (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-N umber of hol es for index ing : 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 I 
3 = 13 3 turns of the index pointer. 

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

1 X 8 8 
3 x 8 = 24 or 8 spaces in the 24 hole circle. 

1 x 10 10 •. IO 
3 X 10 = 30 .. 30 .. 

1 X 13 13 .. 
13 T x 13 = 39 

.. .. 39 .. 

1 14 .. 
14 3 42 

X 14 
14 = X 

" 42 .. 

1 17 .. ll 
3 5i 

X 17 
17 = X 

" 51 

I 18 .. 
18 3 f4 

X 18 
18 = X 

54 .. 

I 19 .. 
19 3 57 

X 19 
19 = X 

.. 57 .. 

1 22 .• 22 
T 66 

X 22 
X 22 = .. 66 .. 

Example 
Suppose you want to calculate all the indexing circles for 56 divisions. 

~ = ; of a turn of the index crank. 
5 X 4 20 

7 x 4 = 28 or 20 spaces in the 28 hole circle. 

5 X 6 = 30 .. 30 .. 42 .. 
7 X 6 42 

5 X 7 = 35 . . 3) .. 49 .. 
7 X 7 49 

Angular Indexing. T ables for angular indexing with the standard and 
high number index p lates are not tabulated in this book because they are 
little used as cornparecl to numerical 
divisions. However, angu lar spac­
ing can readily be calculated, 
keeping in mind that one complete 
turn of the index crank = 9°, one 
space in the 30 hole circle = 18', 
and one space in the 54 hole circle 
= IO'. The tabulation at the right 
shows the angular movement of the 
Oividir-ig Head spindle for a move­
ment of the index crank of one 
space in the various hole circles. 

Circle 
---

24 
25 
28 
30 
34 
37 
38 
39 
41 
42 
43 

One Space 

22' 30" 
21' 36" 
19' 17" 
18' O" 
15' 5 3" 
14' 36" 
14' 13" 
13' 5 I" 
13' IO" 
12' 51" 
12' 3 3" 

Circle One Space 
---

46 11' 44" 
47 11' 29" 
49 l 1 ' i'' 
51 10' 1 ~11 . ) 

53 10' I 1" 
54 10' O" 
57 9' 28" 
58 9' 19" 
59 9' C)" 

62 8' 43" 
66 8' 11" 
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Plain Indexing with the 
Front Plate. Di rect in­
dexing is often used for 
making the divisions listed 
in the foil owing table be­
cause it is faster t han in­
dexing with t he side p late 
through the -W to I worm 
reduction . T o change the 
dividing head into plai n 
index centers, turn the 
eccentric for disengaging 
the worm (Fig. 38) through 
half a turn. The ,,·onn is 
t hen d isengaged and index­
ing is accom plished by 
turning t he spindle by hand 

LEC CE NTRIC 
FOR 

DISENGAGING 
wnP,M 

ADJUST ING ---~OIL 
SCREWS CHAMBER 

Figur·e 38 
S ection Through Dividing Head 

Showin g Worn, 

PC -261 

T he front p late (rig 39) i lrill e I with three circles of ho les: 24, 30 , a nd 
36. It wil l index a n y number which d ivides e cn ly into a n y o ne o f these 
numbers of ho les in a ci rcle . \\'hen changing from p lai n in lcxi n g back to 

uni versal indexing t h rough 
the s ide p late, it is import­
an t that the fron t index 
pin be locked 111 its ou t 
1 osit ion . 

Indexing with the Front P la te 

"' "' C C 
0 rl ~ 

0 t'.l t'.l -~ ·,;; u 0 '> ~ 0 > ... <J Cl 

6 0 0. 6 0 0. 
V) V) 

-- 24 7T - 8- 24 - 3 
2 30 15 - 9- 36 4 36 18 10 30 - 3 - - 24 8 
3 30 10 _1_2_ 

24 - 2 36 12 
4 24 - 36 3 6 _1_5_ 30 - 2 36 9 

- 5- 30 6 18 36 -2 

2<l 24 - I 
-- 24 - 4 JO 30 - I 

6 30 5 
36 6 

36 36 - , 

FRONT 
INDEX 
PLATE 

Figure 39 
Section Through Dividing H ead 

Showing F ront Plate 
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Clamping the Dividing Head 
Spindle in Place. The spindle 
should be cl amped in place (except 
when milling helices) during hea vy 
cutting opera tions to relieve a ll stra ins 
on the worm, worm-wheel. and index 
pin. (Fig. 40.) Screw "A" forces 
wedge " B" into spli t ring "C" , firml y 
clarnping the spindle in place . Be 
sure to uncla mp the spindle before 
turning the index cra nk or engaging 
rhe table feed whil e t he head is set up 
fo r milling he lices 

C B A 

Figure 40 
S ection Through Dividing Head 

Showing Spindle Clamp 

Adjusting the Dividing Head Worm. \Vea r bet ween the wo rm and 
worrn-wheel m ay be elimina ted in t he foll ow ing m a nner : 

I. See that the worm is engaged wi t h the wo rm-wheel (h g. 38) . 

2. Remove the back-lash from the worm by tightening the locknut on 
the encl o f the worm sha ft (F ig. 38). 

3. 

4. 

Remove the cover f ron1 the bot­
tom of the swi ve l b lock (F ig. 41 ) . 

Release nil is ter head screws 
.. A-A .. , turn both set sc rews 
" B-B" the sam e amount in a 
counter-clockwise direction, and 
then re tighten screws "A-A". 

5. Turn the di viding head spindle 
by hand to see t hat it rotates 
freely with no evidence of back 
lash, and then replace the cover. 

Figure 41 
Section Through \Vorm Adjustrnent 
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THE WIDE RANGE DIVIDER 

The \Viele Range Divider applied to a C incinnati U n iversa l Div iding Head 
enables you to obtain divis ions from 2 up to 400,000. 1 t cons ists o f la rge 
index pla te "A", sector and crank ·-s··, together with a sma ll index plate 
"C", and sector and crank "O" . The mechanism is so a rranged that 
crank "D'" operates through reduction gearing of I 00 to I ra tio enclosed in 
housing "G". The ratio between the 
worrnshaf t and the spindles is40 to I . 

Set up for indexing in the con­
ventional manner. The divisions 
given in the table (page 95) c;an be 
obtained by utilizing crank "B"' 
onl y in combination with the 
proper hole circle on the la rge 
plate. (Large plate drilled on both 
sides and contains 11 circl es of holes 
on each side) . The index pin in 
crank "B" can be swiveled to any 
hole circ le. When indexing in t his 
conventional manner, the operation 
is exactly the same as it is on the 
regular C incinnati Dividing Heads. 

', 

~---- --- - A' 
---- - - --C 

::c_-,,---- -G 
,,__ _ _ _ D 

- ·f?:. ,s 
-,~ 

Figure 42 
Wide Range Divider 

How to use the Wide Range Divider. Any whole number of divisions , 
up to and including 60, and hundreds of o the rs, can be obta ined with the 
large plate onl y, and the sett ing may be read di rect ly from the table, page 
95. If the number of divisions requ ired is not li sted in the ta b le, calcu la te 
the setting in the following manner. 

Set-u/J 

*I. D ivide 400,000 by the number of di visions desired, fo r example 67. 
The result g ives you a whole number quotient a nd a fraction-5970~. 

2. J\cJjust cranks ··s .. a nd .. D .. to the I 00-hole circle on the ir respective 
pla te 

3. Set the sector on large index plate "A .. for 59 spaces on the I 00-hole 
circle, 59 being the firs t t wo whole numbers of the quotient obtained. 

4. Set the sector on the sma ll index pla te "C" for 70 spaces on the I 00-hole 
circle, 70 being t he last two whole numbers of the quotient obtained. 

•Note: Should the quotient be a five-digit number, the first number represents the number 
o f full turns of crank ··s··. (No five-digit quotient appears when making divisions higher 
than 40, and furthermore, calculations a rc unnecessary for any number less than bl.) 
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Operation 

5. Index crank " B" a n a mount equa l to the sector setting, namel y-59 
spaces. 

6. Then index crank "D .. an a mount equa l to the sector setting, namely-
70 spaces. (Both cranks a re moved in the same direction.) 

Figure 43 
\Vhen indexing in t h e conve ntiona l rnanner 
(divisio ns tabulate d o n page 95), index c r a nk 
"B" rnay b e c h anged to a different circle of 
holes ,. as fro rn "X" to "Y", by rne rely 

loosening nut " F" 

7. Compensate for fraction 
I 0/ 67 by add ing one space 
to t he index movement of 
the small crank " D" at 
intervals equal to the near­
est \\'hole number obtained 
by divid ing I by 10: 67. 
T he result of this d ivision 
is 7. Therefore, every 
seventh d iv ision , index 71 
spaces on the small p late 
" C" instead of 70. In this 
way ycu pick up the frac­
t iona l rema inder, and the 
maximum error is equal to 
onl y .0000942" on a 12" 
dia meter circle (the move­
ment of one space in the 
I 00-holc c, rclc on the small 
p late.) 

Angular Spaced Divisic,ns. If the di vis ions are spaced in degrees, min­
utes, a nd seconds, the procedure· in calculating the setting is very s imila r 
to tha t outlined above, except t ha t for sake of convenience, use the 5-t-hole 
circle on both p lates. Complete tables arc listed on pages 98 a nd 99. 

Using cra nk Bon t he la rge p la te (Figs. 42 and -t3 ): 

(a ) One com plete turn is equiva lent to 9 degrees. 
(b) Six spaces in the 54-hole circle equals I degree. 
(c) One space in the 54-holc circle equals IO minutes. 

Usina crank D on the sma ll p late: 
0 

(a ) One complete turn of crank " D" equa ls 5 minutes a nd 2-t seconds 
(b) Ten spaces in 54-hole circle equals I minute. 
(c) One space in 54-hole circle equa ls 6 seconds. 
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Example. Indexing an Angle of 3 Degrees, 20 Minutes, 12 Seconds. 

Set-up 

I. Consulting the "Degree" table on page 98, set the sector on in lex p la te 
·'A" (Fig. 42) for IS spaces on the 5-l-hole c ircle . 

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 equa l to the sector setting, 
namely 18 spaces. 

2. Index small crank "D" three turns (see table) p lus the sector setting, 
namely 40 spaces. (Both cranks a re moved in the same direction.) 

Adjusting the Index Pin on the Small Plate. The index pin in the 
crank for the small plate is eccen t ric to provide a method of adjusti ng the 
pin from the JOO-hole to the 54-hole circle, and vice-versa . I'vle rely loosen 
screw E , (Fig. 44), rotate the l in to t he desired circle of ho les, a nd 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: '77>'<=77'1 ,t:<:a1-,,..,.._ '---- E 

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

2. Slip differentia l unit "B" off 
the shaft. 

3 . Sect0r "C" is now free and ma y 
be removed. 

4. Remove four screws "D", re­
verse the plate, and reassemble 
the parts. 

B 

-------c 

" ••..,l- --------0 

Figure 44 
Section Throue;h Differential 

Mechanism 
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MILLING CAMS 

Rise and fall cams hav ing a rela­
tively narrow face m ay be machined 
by using the type of set-up indi­
cated in Figure 45. The cutter 
may be supported in any type 
of swive ling head , such as a 
Universal Spiral Milling Attach­
ment or Heavy Vertical f\ ttach­
rnent. Almost a n y cam lead can 
be m achined, and by trying differ­
ent m achine leads, the angle to 
which the di vid ing 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 . 

MACHINE TABLE 

Figure 45 
Diagrammatic Sketch of Dividing 

Head Set Up for Milling Cams 

Formula: 
Lead of Cam 

Lead of Table 
= S ine of Angle ··o" 

Examples: 

I. Suppose you want to mill a cam having a .500 11 lead. Assume change 
gears a re set up for 2.5 11 table lead. 

Lead of Cam 

Lead of Table 
= 

.5 

2 . 5 
= .200; sine of angle "D". 

"D" = 11 degrees, 33 min. 

2. Suppose you want to mill a lead of 6.005 11
• 

(a) Assume change gears are set up for 8 11 table lead 

Lead of Cam 

Lead of Table 
= 

6.005 

8 
= .7506; Angle "D" = 48 degrees, 39 min. 

(b) Assume change gears are set up for 9.935 11 table lead, instead of 
8 11

, as in example 2a, then 

6 ·
005 d A 1 "D" 37 -- = .6044; an ng e = degrees, 11 min. 

9.935 
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BACKLASH ELIMINATOR 
There are two distinct methods of mil ling : (a) conventiona l, or up-mi lling, 
Fig. 46, and (b) climb or down-milling, Fig. 47. T he forces c reated in 
up-millino tend to lift the part up into the cutter and spring the cutter 

b . 

down into the work. In down milling, t he cutter has a tendency to spring 
away from the work anc.l a t the same time , push the wo rk clown aga inst 
its supporting surface. In up-milling. the th ickness o f t he chip increases 
uniforml y from zero at the I ottom (beginning) of the cut to a rna ximum 

PC- 334 

Figure 46 
Conventional, or Up-Milling 

F igure 47 
Climb, or Down-Milling 

at the top of the cut, while in down-milling, the chip thickness decreases 
uniforml y from a max imum a t the top (beginning) o f the cut t o zero at 
the bottom (end) of the cut (Figs. 46-47). Alt hough the m ajority of 
milling operations can be done either way, down-milling produces the better 
results on thin parts which are clinicult to hold; exceptiona ll y wide cuts; 
or thin deep cuts a~ when sawing slots. 

The backlash eliminator dev ice, shown diagrammaticall y in Fig. 48 , is 
required for down-milling operations, and may be purchased at ext ra cost 
with the machine. 1 t is entirely within the saddle beneath the t able, the 
only indication be ing knob "G" at the front of the saddle casting (Fig. 49). 

\\ hen the machine is equipped with a backlash eliminator, either down­
milling or up-milling operat ions can be handled. During up-milling cuts or 
when rapid traversi ng, the backlash elimina tor is automa tical ly released. 
However, in down-milling, as soon as the cutter contacts the work, the 
backlash bet ween the nut and the lead screw is automat ica ll y taken up. 

The following description applies specifically to the backlash eliminator 
for plain and vertical machines, although the theory appli es equally well 
to universal machines. The device consists essentially of two nuts, "A" 
and " 8", freely mounted on the table lead screw. T he crown teeth on 
gear 'E" mesh with the gear teeth on nuts "A" and "8". Therefore, when 
one nu t rotates, the other nut will also rotate but in the opposite direction . 
The spur gear teeth on gear "'E" mesh with rack " D" . 
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BA l<LASH ELI IINATOR 

E 

E 

Figure 48 

Backlash Eliminator for 
Nos. 3 a nd 4 Universal 

and all 
Plain and Vertical Machines 

Spring ··c·. contained within sleeve .. i.:-•·, tends lO push in rack ··o··, 
rota ting crown gea r ··c-· and nu ts .. A .. and " B' ' a sufficient amount to 

eliminate t he backlash . T hreaded sleeve ·•F" serves two purposes : (a) to 

provide adj us tment, a nd (b) to prov ide a stop for the outward movement 
of the rack. 

Operation of Backlash Eliminator (A ll machines except No. 2 Uni\·ersal ). 
Suppose we consider in deta il the table movement to the right. Actually, 
the same discussion may be applied to either direction of travel. When the 
lead screw (i t has a rirrht hand thread) rotates in the direction indicated in 

0 

the illu trat1on, the cable moves to the right. The resulting thrust and 
friction on nu t "B'" causes it to rotate in the same direction as the lead 
screw, thereby rotating nut ·•A "' in the opposite direction. \\"hich . in turn. 
pushes plunger ··o·· out against sleeve "C" and re lieves the spring pressure. 

If an up-millin rr cut is beinrr caken or if the table is ra pid traversed to the 
right, obvious!; the reactio; on nut " B'' is the sa1:i:e .~s expl.~i~~d above, and 
no change will take p lace in the position of nuts A a nd B . 
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Figure 49 
Front View of Saddle, Showing Backlash Engaging Knob 

On the ocher hand , if the u 1tter is rota ting wit h the feed of the table, as in 
"Down i'v!illina" , as soon as the cutter engages the work , the thrust will 
shift from nuc°"B" to nut "A". The frictiona l torque between nut "A" 
and the lead screw is thereby increased, and consequentl y, nuts "'A" and 
"B" will rotate in the d irection which wi ll preloacl the ba ll bearings. This 
action immedia tel y eliminates the backl8sh between the screw and the nut. 
As soon as the "Down M illing" load is removed, nuts "A" and "B" a re 
brouaht back to the ini t ial cond itions by th e thrus t of the table which now 
acts ~n nut "B" . · 

Adjusting the Backlash Eliminator (All mach ines except No. 2 Univer­
sal). There should be no need to adjust t he back lash eliminator unless 
previously mis-adjusted or disman t led . If necessa ry to adjust the device 
proceed in the following manner, with the mDch ine stopped 

I. Adjust the table feed screw bearings, page 40. 
2. Loosen set screw "R" , Figure 4g_ 

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

4. Push in rack "D". While holding it in position, adjust sleeve "F" 
until tight aga ins t the shoulder of the rack, then back it away a bout 
I½ revolutions or slightly less. 

5. Retighten screw .. R". 

6. Replace parts "JC, ")", " J-1" , and "G". 

Properly adjusted, rack "D" shoLild move out abou t ¼'.i'' when the table 
feed or rapid traverse 1s engaged in either d irection. This can be observed 
by removing cap "G" and engaging t he table feed and ra pid traverse levers. 
Also, \\'1th the backlash device engaged, the table should move snugly with 
the hand crank. 

E?gag~~g and Disengagi_ng the Backlash Eliminator (All machines 
except_No_ .. 2 Un1vers_al). lo engage, turn knurled cap clockwise (right ) as 
far as it M Ii go; to disengage, turn cap counterclockwise (left ). 
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Figure SO 
Backlash Eliminator for 

No. 2 Universal l'vlachines only 

Backlash Eliminator (No. 2 Universal tv lachines) . Because of basic 
design characteristics, the backlash device ror No. 2 Universal iv!achines is 
s lightl y different than the one described in the preceding paragraphs. N ote 
that the rack operates on the right-hand rather than the left-hand side of 
the crown gear. This results in movements exactly op1 osite to those of the 
rack in plain machines. 

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

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

2. Remove knurled cap "\\/", Figure 50. 

3. Remove socket head screw "X". 

4. Tighten nut "Y" a ll the way, then back off about I½ revolutions. 

5. Replace socket head screw to lock nut in p lace. 

6. Replace knurled cap. 

Engaging and Disengaging the Backlash Eliminator t_No . 2 Uni,·ersal 
ivlachines). \Vhether engaging or disengaging the backlash de, ice , turn 
knurled cap " \V" as far as it \\'ill go. To engage, rum knurled cap counter­
clod,\\'isc (left): to disengage , turn cap clock,,·isc (right ) . 
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Catalog 
Number 

• 50-½AI0 
*50-1 A12 

50-1 Al5 
50-1 AlS-4 
50-1 B24-4 

*50-l ¼Al2 
50-l¼Al5 
50-l¼A18-4 
50-1 ¼ BlS-4 
50-l¼B24-4 
50-1 ½ B18-4 
50-1 ½ 824-4 
50-1 ½ B30-4 
50-1 ½ B36-4 

**50-2 B24-5 
.. 50-2 830-5 
.. 50-2 B36-5 

C INCINNATI D IAL TYPE MILLING MACHINES 

ACCESSORIES AND ATTACHMENTS 
ARBORS- "50" Spindle Series 

-nh-,.-~-----,----,-----.- . 
C _ LLJJ.-W' 11'-'--I ....,_I - I_ I ! -- 1 D=J 

STYLE A 

Figure 51-Conventionol Milling Machine Arbors 

Usable 
Length Diameter Keyway 

Diameter Style of Cutter of Bearing 

Space Collar Width Depth 

½ A 10 None .... . .. . . . . . . . . . 
I A 12 None ¼ -/.; 
I A 15 None ¼ l:i 
l A 18 2½ ¼ ' T! 
l B 24 2½ ¼ ' "!f:! 
I¼ A 12 None " i, T6 
I¼ A 15 None ·,". J

3o 
l¼ A 18 21/s {'. .ll_ 

I G 

I¼ B 18 2 ½ 1\ .u . .. , 
I¼ B 24 2½ -h fo 
l½ B 18 21/s ¾ ,J., 
I½ B 24 21/s ¾ f;i 
I ½ B 3G 2½ ¾ 
I½ B 36 2½ ¾ i~ 
2 B 24 2¾ ½ ' TI 
2 B 30 2¾ ½ ' TI 
2 B 36 2¾ ½ li 

--· 

Code 
Nan1e 

TENAR 
AR.TWA 
AR.BAA 
ATARB 
ARBFA 
ARBCO 
AROGU 
ARBRU 
BETAR 
ONARB 
HAFAR 
FOR.RA 
ARBTY 
ARGOS 
AR JYN 
TUBAR 
ARCOD 

••Includes two suitable bushings for 2¾" diameter bearing collars. 
*Arbors 50-½Al0, 50-1Al2, 50-l¼Al2 require the use of a rbor support bushing adapter 

(Catalog Number 50-lvl-0I) when used on Nos. 3 and 4 Machines. 

Cata log 
Number 

50- ½C¾ 
50- ¾C¾ 
50-1 C½ 
50-l¼C½ 
50-l½C½ 
50-2 C½ 

SHELL END MILL ARBORS-Style C 

Diameter 
Range of 
End Mills 

1¼- 1½ 
1¾-2 

2¼-2½-2¾ 
3-3½ 

4-4½- 5 
5½-6 

Stud 
Diameter 

½ 
¾ 

I 

I¼ 
I½ 
2 

Code Name 

SHEMA 
SEMCO 
SHEPU 
SHEHI 
SHEBY 
SEMOR 

STYLE C 

Figure 52 
Shell End Mill Arbor 

,. Chrome nickel heat-t reated sc~ews for holding shell end mill on a rbor a re furni shed 
"

1th 0 11 arbors. Wrenches a rc furni shed with arbors 50-l¼C½, 50- 1 ½C½ and 50-2C½-

Always Order Arbors by t he Code Name and Catalog Number 
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QUICK CHANGE COLLETS 
(Include Draw-in Bolt) 

Catalog Inside Code 
Nun,ber Taper Name 

50NS- FEB 7 No. 7 B. &S. COQUI 
50NS-FEB 9 No. 9B. &S. COSEM 
50NS-f-EB 10 No. 10 B. & S. COSBE 
50NS-FEB 11 No. I I B. &S. COT ro 
50NS-FEM 2 No. 2 Morse CORIC 
50NS- FEM 3 N o. 3 Morse COROB 
50NS-FEM 4 No. 4 Morse CODDE 

STOP 

QUICK CHANGE ADAPTER 
Catalog No. NS-HS 

Code Worcl-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 
Number 

50- ½ FC1/s 
iO- ¾FC1/s 
50-1 FC½ 
50-l ¼ FC½ 
iO- !½FC½ 
i0-2 FC½ 

QUICK CHANGE 
COLLET 

Diameter Range 
of End Mills 

l¼-1 ½ 
l ¾ - 2 
2¼-2½-2¾ 
3-3½ 
4-4½ - 5 
5½-b 

Stud Code 
Diam. Name 

½ ARABS 
¾ ARDUI 

I ARSHE 
I¼ ARTTA 

I I½ 
ARICK 

2 AREMI 

SECTION A-8 Figure 54 
A 

Section Through Quick Change Adapter 

Instructions for Mounting Quick Change Adapter on Spindle 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 wit~ the table. 
Remove the right-hand key, and insert in its place _the special key a~d 
stop lug, with the long end of the stop lug extending beyond the cir­
cumference of the spindle. (See sketch, Fig. 54.) 
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2. Assemble the nut on the rin g by screwing these t wo pa rts together. 
The rear face of the ring (with t he l "wide s lots) should be approximately 
Rush with the rea r face of the nut , and at the same time the key openings 
in these two parts should ma tch . 

3. Place the ring and nut as assembled in step No. 2 on the face of the 
machine spindle, with t he stop pin directly below the stop lug. The 
nut can now be tu rned fron, this pos it ion in a c lockwise direction only. 

4. . ow fasten the assembly, as desc ri bed in s tep No. 3 , to the spindle 
nose with the four ho llo\\' hexaaon heacl screws ~which a re furnished 
with the complete adapter. In ~rde r to accorn p l is h t his, turn the nut 
as required so that the screws can be inse rted. 

5. The quick change adapte r is now ready for use. T he opera tions a re as 
follows : 

a . Turn the adapter nut counter-clockwise until the s top p in hits 
the stop lug. 

b. Insert the quick change a rbor o r co l let, as the case may be. 
c . Turn the nut clockwise a nd fas ten with a spa nner wrench . 

QUICK CHANGE FACE MILL ARBOR 
- - 2l 

0 \\ ,~;i~",;~;i-
Fig ure 55 

Sk e t c h of quic k change face 
rnill a r bor. For face n,ills 7" 
to 12 " dia rneter. 

C a talog No.. . . . . . 50-S}~;FC 
Code Name . . .... .. . . ARFAC 

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

NO 40 TAPER 7 
NO. 50 TAPER -

Figure 56 
Arbors a n d cutters having No. 40 series standard taper shanks 

may be used on Dia l Types with the above adapter. 
?u~idT Taper . .. ... . ....... . . . No. SO Milling Machine Standard 
ns, e a per .. . . . . . . . . . .No. 40 Milling M a chine Standard 

Catalog No. 50-NS-40 Code Na me - COAFD 
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HIGH NUMBER INDEXING ATTACHMENT 

Figure 57 
High Nurnbcr 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 
place on the side of the head . 
T hose for the standard Divid­
ing Head may a lso be applied 
co Spiral ! lilting Heads and 
Gear Cutting Attachments. 

High Number Index Plates 
a re also avai lable for the Wide 

R ange Divider . These a re recommended only where the compensating 
( eatu re is object ional le for numbers below 200. 

The index table shown on pages 96- 97, apply to the High Number Indexing 
Attachment Plates tabu lated 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 Side C Side D Side E I Side F 

189 199 197 193 191 187 
177 183 181 179 175 173 
171 169 167 163 161 159 
147 157 153 I 5 I 149 143 
129 141 139 137 133 131 
117 127 123 121 119 113 
9() 111 109 107 103 101 
91 97 93 89 87 83 
69 8 1 79 77 73 71 
48 67 46 4-1 42 38 
30 36 34 32 26 28 
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COMPENSATING DOG AND DRIVER 

The Compensat ing D og a nd D ri ve r, h g . 58, m ay be u eel with Cl. 1C IN­

i AT ! D i,·icling Heads an I Gea r C utt ing H eads. \V ith t hese d ri vi ng e le­

ments . grea ter accurac , ,,·ill be obta 111ecl on rnpc r \\'Ork . T h e t a il of the 

dog ha a c lose fiLt ing rol le r , " ·hic h , in turn , 11ts into Lh e s lo t of the d r iver. 

A s t he \\ Ork is indexed , Lhe ro ller Ii le on the ta il o f the dog a sufficient 

a mount to com pensate fo r the va r yi ng d iffe rence 111 Lhe distance from the 

center o f the \\'Ork to t he po im of d riving con tact . The clog has a ca pac it y 

ra nge from ¼" to 2¾ " diamete r. 

Figure 58 
High Tailstock (Left) a nd Compensa ting Milling Machine Dog and D r iver 

HIGH T AILSTOCK 

If the work has a steep angle ta per and is rela ti vely long, t he High Tai lstock 

illustrat ed in rig. 58 may be used to advantage. The bracket carrying the 

center is graduated, and can be set at the sam e angle as t he work . 

Maximum distance, table to center po int- I I f:r" 

Minimum distance, table to center point- 3:r ~" 
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RAISING BLOCKS 

Raising blocks, one of \\' hich is ·· 

illustrated in Fig. 59, may be 

placed unde r the Dividing H ead 

an f Ta ilstock to obta in an 

inc rease in range. These blocks 

ure nat, para llel, and o f equal 

height, (supplied only in matched 

pa irs) and give t he head and 

cai lstock a sul stantia l support 
Figure 59 

Raising Block 

Si=c 
H ead 

12" 
14 " 

H e ight of 
Blocks 

2 I '2" 
2· 

:\ng le Plates. ill us­
trated in Fig. 60, are 
convenient fo r m an y 
types of set-ups in­
vo lv ing a D ividing 
Head or sm a ll fixture 
placed off-center or at 
a n angle to t he table 
T-slots. T he T-slots 
are standa rd size and 
at right ang les to each 
other . 

-
Size Height of 
Head Plate 

12 • 2¼ " 
14" 2¼" 

SPECIFICATIONS 

Headstock Block Tailstock Block 
-

Wi I th 

I T-Slots Length Width Length Width 
-- - - -- -

I 

'1 ; ,, 
; i6 12% " 9¼" 
rt ' ,, 12% " 9¼' di 

I I 

ANGLE PLATE 

Figure 60 
Angle Plate 

SPECIF I CA TlONS 

Width Working 
T -Slot Surface 

%' 12½' X 121/s ' 
9"" lo 12½" X 121/g' 

6.j / • 
-' S 6¼ . 

6¾ ' I 6 ¼. 

Si.ze 
Over All 

12½• X 16¾ ' 
12½" X 161/s• 
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F igure 6 1 
Dividing H ead Chuck 

CHUCK 

l\ !an y Di ,·iding Head jobs can 

be more conven iently held in n 

chuck than between centers. 

To fac ili tate th is c lass of work, 

the 3-J aw Universal C huck, 

illustrated in F ig. 6 1, may be 

obta ined. It ha a threaded 

nange for mounting it on Lhe 

spin Ile nose of the head. 

SPECIFICATIONS 

Si::e-Hcad Size Capacity Outside Thread Chuck Dian1eter 

10 " Di viding 6" 

I 2 • and 14 • 

r ¼" '° ,w l outside grip 

I ¼" to 3½" 
\ in side ~rip 

6¼" 2" - 8 thd 

D i\'id ing. 
12 • Spir31 J 

9 • ¼"to3 1/s" 91><" , I•, 2 ½"-6 thd. 

16" Spi ra l 9• ¼" co 3 .1/s" ()IV " 
/ 1(, J ¾ "-4 thd. 

Mounting a Chuck on the Dividing Head. Before mounting a chuck 
on the Divid ing Head spindle, remove the front index plate, F ig. 39, page 
56. This step is necessar>; to be sure that the chuck adapter has a square 
fit on I he spindle. 

=====-====--======[ n ]==-==========-
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SPIRAL MILLING HEAD 
(and Gear Cutting Attachment) 

T he Spira l lVlilling Head is shown in F igu re 62. When the bracket for 
connecting Lhe d ri v ing mecha nism (shown a t the extreme right) is omit ted, 
the head is known as the ""Gear Cutting Attachment". Of course, the t ype 
of \\ ork-p iece mi Ile I on the latter attachment is limited to those requiring 
indexing onl y, uch as spur gea rs. T hese heads are suitable for heavy and 
continuous gear cutt ing . 

The d ri vi ng mecha nism fo r the Spi ra l ivlilling H ead is similar to, but not 
exactly t he arnc a t he one fo r t he Di vid ing Head, Figure 37, page 50. In 
other words, d riving mechan ism brackets a re not in terchangeable between 
Dividi ng Hea I a nd Spira l lVl1lling Heads. 

Al l index and lead tables 111 this booklet apply co the Spiral Milling Head . 
T he index tables only (pages 95-97) appl y to the Gear Cutting Attachment . 

~-== 
Figure 62 

Spiral Milling Head 

Specifications for Spiral Milling Heads and Gear 
Cutting Attachments 

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

Spindle of Tailstock of Head 

12 " I Ii½• II 13&S 91/s . 151/s" 
16" 16½' 1213&S 91/s ' 16% ' 

~:...:..========--==-=--[ 73 J-=----==-=---
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UNIVERSAL SPIRAL MILLING ATTACHMENT 

T his attachment is used for helica l milling in t wo cases: 

l . If the machine is a p lain 
miller , obviously the ta b le 
ca n not be s wi vele I to bring 
the work p iece to the cor­
rect helix angle with t he 
cutter. It then becomes 
necessary to swivel t he cut­
ter. This angu la r setting i 
obtained b) means of the 
auxil iary Universal Spi ra l 
Mil ling Attachment . (F ig. 
63) . 

2. The table o f a uni,·cr ,:1 J 

miller can not be swiveled 
mo re tha n 45 °. If t he helix 
ang le excec I th is range, Lhc 
a ttachment a t the righL n 1u t 
be used, s ince it a llo" s the 
cutter to be swiveled th rough 
a complete circle. 

The Universal Spi ra l i- · 

M illing Attachmen t 
may a lso be em­
ployed fo r a wide 
va ri e t y o f o th e r 
t ypes of work, such 
as vertica l milling 
with a shell end mill, 
rounding out key­
wa ys, mill ing a ngu­
la r surf aces. etc. The 
attachment spindle 
runs at the same 
speed ns the ma­
chine spindle. 

Fig ure 63 
Universal Spiral i\llilling Attach,ncnt 

Figure 64 
Universal Spiral Milling Attachment and Dividing H ead Set 

Up for Milling the Helical Gear Teeth on a Cam Shaft 
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HIGH SPEED UNIVERSAL MILLING ATTACHMENTS 

Two views of the High Speed Universal M illing Attachment are shown in 
Figs. 65 a nd 66. T hese attachments a re for comparatively light work, and 
are not suita ble for face milling operations. 

Specifications 

Altachmenl spindle speed: 

On Medium Speed Machines, 
speed dial read ing x 3½ 

On High peed tvfachincs , 
speed d ia l reading x l ½ 

Swivel range : 

Parellel to face of mach ine 
column; 360° 

Right a ngles to face of machine 
column ; 90° 

Taper holes for culler : 

Att achment spindle; No. 40 
National Standard 

Quill sp indle: No. 7 B. & S. 

Figure 65 
High Speed Universal 
l Milling Attachment 

The standard attachment is shown in rig. 6 5, while the a ttachment 
equ ipped wi th quill device is shown in Fig. 66. 

If the attachment is equipped wi th a quill device, and it is desirable to 
remove it so tha t cutters can be inserted in the attachment spin lie, proceed 
in the fallowing m anner: 

I. Loosen the Allen head set screw in the peripher) of hand quill feed 
knob. Tap the screw lightl y to loosen the lock shoe beneath it. 

2. In the top end of the knob is an adjusting nut. With a spanner ,,-rench, 
ren1ove this nut. 

1. A slotted adjusting nut is now visible. RemoYc this nut and its lock 
washer. 

= = =========[ 75 ]= === ====== = 
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-L Grasp the cutter shank end o f the qui ll a nd p u ll it clO\\·n t h rough the 
attachment. Replace lock nut a nd \\'a he r , o tha t t h ey w ill not be lost 
To protect ball bea rings, a lso replace loci - nu t in ha n d feed knob. 

5. Through the body o f Lhe attachment, nea r the q uill nu t assem b ly, you 
will find a set screw. R emove this set screw. 

6. Screw the remainder of t he qui ll device o u t of ti1e body o f the a t t ach­
ment. 

7. 0\\' fit the dust coH r in p lace, and lock it \\'ith the et c rew. 

8. Assemble t ,\·o dr iving keys in t he)t tachrnen( p in Ile. 

9 . Remove the plate on the attach-
ment housing a t the rea r encl o f the 
spindle. 1 t is held in posit io n wit h 
fou r sere,\ s. 

10. Drive draw-in I olt centerin r.1 I u h 
0 

into rea r end of pi n lie. 

11 . Replace cap. 

Lubrication. The Uni ve r a l High 

Speed tvl illing Attachment mu t I e lu b­

rica ted dai ly while in use. In the grease 

nipple fo r the lower spindle bea rina 
b • 

use onl y med ium sponge sho rt fi b re 

grease, sodium soap ba e. (Sa rne as fo r 

stations 15 and 16 on vertica l machines 

- pages 20 and 21.) There a re three 

other grease nipples on the a t tachment 

proper, and one oil button in the hand 

quill feed knob. Period ically apply cup 

grease and machine o il, respectively. 

Figure 66 

High S peed Universa l Milling 
Attac hme nt Equipped with 

Quill D e vice 
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MOTOR DRIVEN UNIVERSAL MILLING 
OVERARM ATTACHMENT 

T he Motor D ri ven Universa l Mi ll ing Overarm Attachment is illustrated in 

Fig. 67. It is moun ted on a special overa rm, and d riven by an individual 

motor, leaving t he machine spind le f rec and usable at any time. Ra ther 

heavy cuts , inc lud ing face mill-

ing operations, may be handled 

wit h this a ttachmen t. 

Specifications 

A 11achme111 spindle speeds : 

100, 130, I 0 . 2-t 5, 310, -t35, 
580, 7-tO, I 030. 

Swivel range : 

360 ° both lirec t ion 

Taper hole J or cu/lers : 

Attachmen t spindle, No. 50 
. lationa l Standa rd 

Quill spindle (extra cost ) , No. 
7 B. & S. 

Figure 67 
Motor Driven Universal Milling 

Overann Attachn1ent 

T his attachment may a lso be equipped with a hand feed quill device, 

simila r to the one illustrated in Fig. 66. If the attachment is so equipped, 

and it becom es desirable to remove the device, proceed in the following 
manner : 

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

2. 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 \\ hich is held to 
it by screws. 

T he attachment is now ready to be used without the hand feed quill device. 
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PLAI 1 AND SWIVEL VISES 

F igure 68 
Plain Vise 

T he p la in vise is illustrated in Fig. 
6 . With the exception of a swive l 
plate under the body , s ,, ivel vi es 
a re t he same as plai n v ises . W hen 
orde ring a v, e , g ive wid t h o f T -slot 
in the table o f the m ach ine on which 
it is to be used. 

SPECIFICATIONS FOR PLAIN AND SWIVEL VI SES 

Depth W idth 
I J a ws 

O vera ll He ig~ 

J a ws J aws O pen P lain 

I 
Swivel 

I }~ ., b½" 

I 
4 " 4¼" ()., 

2½" ~½· 7" 5½" I 8" 

ALL STEEL VISE 

Net W e ig ht , Lbs. 

P la in S wivel 

59 79 

159 20-1 

Fi gu re 69 
All-Steel Vise 

The C IN C INNAT I All-Steel Vise ve ry effect ively and con venien tly ho lds 
heavy work, eas ily withstandi ng t he rnost severe dLit · im posed on it by t he 
machine It can I e set length wise or cross,,·:se on t he table . Screw holder 
"H", rio 69, and movable j aw "lvt" can be quickl y set to give approxi-

. rnately the correct 01 en ing of t he ja,, s. Plate "A" is hardened to withstand 
the pre u re from the c lamping screw. T here are four clampi ng lugs on 
t he ol1d jaw and one movable clamp "G". Jaw "i\.'1" can be swiveled, thus 
adapting it to the irregu la rit ies in rough castings o r fo rg ings . T he ja, s 
a re serrated and hardened, assu ring a fi rrn grip on the work piece. 

SPECI F ICATIONS FOR ALL-STEEL VISE . -
Size Distance fro m T a ble Net Shipping Code 

t o Top of Vise J aws W eight W eight Word 

I0"x l0 " x2 " 4• 80 lbs. 110 lbs. B Y VIS 
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Figure 70 
Toolnrn k e r ' s Universa l Vise 

.. _ I 
Figure 7 1 

I lcavy Ve r-tica l 1Vlillin g At tachm ent 

OVC,U, RW -

A~DOR WITH 
MEI.ICAL GEA.R -

TOOL MAKER'S UNIVERSAL 
VISE 

For genera l too l room work . Can 

be swiveled in vert ical p la ne up to 

a nd includ ing 90 degrees- 360 de­

grees in a horizon ta l p la ne . tv!axi­

murn opening 3 ½"; dep th of jaws 

I¾ " ; wi Ith of j a ws 6.1/s " ; net 

weight 7 5 pounds . 

HEAVY VERTICAL 
ATTACHMENT 

Ideal for face m ill ing ,,·here t here 

is not eno ugh wo rk to keep a Verci­

u il !\1fill ing /v lach ine busy . Spind le 

speeds same a machi ne Spind le 

nose sa rne as m achine spi nd le nose. 

S"wcl ra nge 90 ° total (45 ° eit he r 

way fro m t he ,·ertica l) . Lubricate 

" ·ith good grade o f cu p g rease. 

- CR.:.i.c 

- J-~t:;' 
•• _ ATT.I.CHW(HT 

SPINOLC 

FigL1re 72 
Mounting the H eavy Vertical Milling Atta chment o n the Machine . 

T he m tachrncnt is cla mped to the end o r the ove ra rm to fac ilitate slid ing it into m~h with 
t he helica l d riving gea r. using the pi lot wheel. O vera rm cla m1 s a rc loose. T o mesh gears, 
turn at tachment sp ind le wit h one hand. 
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ENCLOSED DRIVING MECHANISM 

The standard Enclo e I D r iving 
Mechansim, F ig. 73, may be 
used on Plain and Vertica l 
Machines. If it is purchase I fo r 
machines a lready in use, the 
table tra,·el will be reduced by 
about ¾" when the mechan1 m 
is set up. To a ,·oid a po ii le 
collision of the Dri,·ing ,vlechan­

ism housing with the handle of 
the lub rication pump, the stop 
dog must be set a indicated 
below. 

Setting Up the Driving Me­
chanism the First Time. 
When a new Driving . lechani rn 
1s set up on a used P lain or 
Vertical Machine the first lime, 

l-igure 7..l 
Enclosed Driving Mechanisn1 

run the table by hand to its ext reme left position afte,r t h e gear housing is in 

place. Then set the trip dog to t rip the fee I just I ef ore the hous ing contacts 
the oil pump handle (the housing of a un iversal m achine). Sta1111 an arrow 

on the t able to the right of the dog . Thereafte r . when sett ing up a job 
requiring the Driv ing Mechanism , sel the slop dog lo the left of the arrow. 
An instrument p late containing this caution is supplied with the Driving 

lechanism . 

This procedure must also be followed the first time a new Ci rcular 1\1/1/ling 
Attachment Driving Mechanism is set up 011 a used machine. 
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SHORT AND LONG LEAD ATTACHMENT 

M ay be obtained a t ex tra cost 
for Dial T ype U ni versal only. 
Complimenta ry parts must be 
built into the m achine a t t he 
factory . H as a lead ra nge of 
.0 10 " to 1000", with no more 
than the usual number of change 
gea rs. Con-1pletc instructions 
a re conta ined in a separate 
booklet ··Long and Short Lead 
Attachment for C lNC I 'NATI 
Dia l T ype M illing Machines .. , a 
copy of which accom panies each 
machine equi pped wi th this 
a ttachment. 

Figure 74 
Long and Short Lead Attachment for 

Dial Type M illing l'vlachines 

MOTOR DRIVEN COOLA.i'-IT PUMP 

An outline drawing of the motor dri ven coolant 
Dial Type Milling M achines is illustrated here. 

pump for CINCINNATI 
It may easily be installed 

on the machine (Model ER ma­
chines on ly) . Because of its 
independent conLrol, this t ype of 
pump is som etimes desirable 
when it is necessa ry to use 
coolant to wash chips from the 
fixture or table while the machine 
is station a ry. 

T he purnp is a centrifugal t ype, 
mounted on the pad at the side 
of the base, and connected 
d irectly to the coolant reservoir. 
It is driven by a ¼ h. p. motor. 
Included with the pump are the 
motor, m anual starter, screws 
for attaching the pump bracket 
to the m achine base, pipe fittings 
and pipe. 

PC· 67 I 
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Figure 75 
Motor _Driven Coolant Pump 
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RACK MILLING ATTACHMENT 

In addit ion to cutting rack teeth , na rrow s lott ing o r s ide milling cutters 
may be mounted on the Rack Mi ll ing Attachment spindle for milling 
opera t ions which can be more con ven ientl y ha ndled by us ing the machine 
cross feed . A vise designed especiall y for long rectangul a r \\·ork is included 
with the a ttachment. 

I 
T. 

Figure 76 
Rack Milling Attachment a nd Vise Mounted o n Machine 

SPECIFICATIONS 

Size of attac hment (diameter o f cu tte r sp indle) . . . . . ..... . .... . .... . I¼ 11 

Distance, face of column to center-line o f attachm ent sp indle ...... . I 0½ 11 

D istance, center o f machin e spindle to center o f attachment spindle . . . 3¼ 11 

Di Lance, center of sp ind le to bottom o f a t tachment . .. ...... . . . ... I ¼2 " 
ivlaximum diameter of cutters that can be used ...... . . . .. ... . .... . 4¾" 
At tachment spind le speed ........ . ...... Sarne as Machine Spindle Speed 
Overall length o f cutters that can be used. . . . . . . . . . . . . . . . . . . . . .. . I¾ 11 

. iet weight. lbs ., about . .... . .... ... . . .... . . . . .. . ... ...... . ....... 420 
Code Name . ... . . . . .. . ..... . . . . .. ... .. .... . . .. ... . .... . .. . . RAI-IIP 
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RACK INDEXING ATTACHMENT 

This attachment, used chicAy in conjuncrion with the Rack iVf tll111g Attachment, 
is connected to the feed screw at the end of the machine table. It consists of a n 
indexing and locking p late with change gears. Differen t combinations of gea rs 
permit the machine table Lo 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 combinat ions requ iring one complete turn, provision is made to close 
one of the slots, thus guarding against error. 

LIST OF CHANGE GEARS : 28, 35 . 42, 44 . 49, 56, 63 , 70, 77, 84. 88, 9 1, 98 
Furnished with Rack Indexing and I 05 teeth . 

Attachment 

TABLE FOR CUTTING RACKS 

Figure 77 
Ruck Indexin g Al toch,ncnt 

Change Gcnrs 
with 
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Figure 78 
20 • Circlllar 
Milling 
Attachment 
Arranged 
for Power 
Feed 

CIRCULAR MILLING ATTACHMENTS 
DRIVING 

BRACKET l 

y 

Circular Milling Attachments a re bui lt in three s izes , 16", 20" , and 24'' 
diameter tables. The 24" size is not recommended for use on Dia l T ype 
.tvlilling Machines. The a ttachment shown in t he illustra tion, F ig. 78, is a 
10" size, equipped with power feed. H and feed attachments a re essentiall y 
the same except that the driving b racket at the right-ha nd end of the milling 
machine table is not supplied. 

To set up the Circular lVlilling Attachment wiLh J ower feed mechanism, 
proceed in the following manner. Caut ion : Also see instructions, " Setting 
Up Driving Mechanisms for Lhe F irst Time"', page 80. 

I. Clean the milling machine table and the bottom o f t he circula r milling 
attachment. 

2. Mount the attachment in the center s lot of the table a bout midway 
between the ends. 

3. Remove the cone-shaped cover at the r ight-ha nd end o f the table. 

4. Remove the hexagon head screw from the end of t he spl ine sha ft bear­
ing in the power driving bracket. (Also remove the spline sha ft if it has 
been left in the driving bracket from previous use .) 

5. Assemble t he driving bracket to the right-hand end o f the table with the 
screws provided, and at the same t ime slip the driving s leeve from the 
bracket over the fork shaft from the a ttachment (or v ice-versa if the 
shaft and sleeve a re reversed) . 

6. Insert the splined shaft in its bearing a nd push it t hrough until the 
shoulde r rests aga inst the end of the bearin g. The other end o f the 
shaft is then engaged in the d ri ving gear. Try by hand to see that it 
turns without binding. 

7. Replace the hexagon head screw in the end o f the spline sha ft bearing 
to keep the spline shaft in position. 

8. The attachment is now ready to use, e it her with ha nd feed or power 
feed rotary mot ion. For conventiona l c ircula r milling, t he m achine 
feed levers must be in neutra l position (see page 25) a nd the machine 
tabl e !;hould be locked in position with the t a ble c lamping screws 
provided for this purpose. (See page 31 ) . For milling scrolls or earns, 
disregard these two requirements. 
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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 obta in power rapid traverse to the circular table, engage the conven­
tional machine rapid traverse lever and then engage the attachment starting 
lever. 

T he actual feed rate obta ined with the circular milling attachment depends 
upon t wo factors, one, diameter of work and two, table feed setting. For 
example, if the mach ine feed dial indicates 31/s" per minute, you probably 
will not be obtaining this .feed rate on the work unless t he diameter hap­
pens to be exactly right. 

The tables on pages 88 and 89 list the actual feeds obta ined, 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 4½" 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 3 ½" per minute. 

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

If this adjustment is necessary 
on the 20" and 24" sizes, proceed 
as follows: 

1 . Remove the hand crank and 
micrometer dial. 

2. T ake up the end play of the 
worm by tightening the ad­
justing nut . (The worm of 
the 20" and 24" attachments 
is provided with ball thrust 
bearings for absorbing the end 
thrust when making heavy 
cuts with power feed.) 

CIRCULAR TABLE 

' 

Figure 79 
Section Through Eccentric 

Adjusting Bush 

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) 

5. T urn the eccentric bush ··g-· until there is no play between the worm 
and worrn-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 ··s .. is turned.) 

6. Retighten screws "A-A'". 

Do not make the adjustment so tight as to prohibit free movement of the 
circular table with the hand crank. 
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Adjustment for 16u Attachment. To adjust for wea r between the worm 
and worm-wheel of the 16" attachment proceed as fo llows : 

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

2. Move lever ""A'" to the left 
beyond the upper pin hole, 
full y engaging the worm 
with the ,,·orm-wheel. 

3. Tighten screw ""B" '. 

4. Loosen screw ··c-- and turn 
lever ""A"" to the right until 
the pin fulls into the upper 
hole. 

5. Retightcn screw " C ·. 

Figure 80 

Do not make the adjustment so 
tight as to prohibit free move­
ment of the ci rcul a r table b y 
means of the hand-\\ hcc I 

Worn-i Adjustment for 
16 "Attachment 

Circul a r gibs are provided to take up the wear between the c ircul a r table 
and housing. To make this adj ustment proceed as follows: 

I. R emove the four set screws .. A .. fron, 
the bot tom o f the housing . (F ig. 8 1.) 

2 Tighten each gib adj usting screw 
.B .. the same amount until there is 
no I lay 111 the table. Try table 
rotation by ha nd afte r each sere \\· 
adju tment. 

3. Replace et screws .. /\ .. . T ry table 
rotation by hand . lvlust rotate 
smooth! ·. 

The t wo ½ " hexagon nut loca ted bet\\ een 
t he four set screws a re for clamping the 
table in position . 

The driving worm of the 16" attachment 
ma y be ent irely disengaged from the worm­
wheel by moving lever .. A .. (Hg. 80) to the 
right until the p in falls into the lower pin 
hole. The table is then free to revolve 
inderendentl y o f the worm. 

Figure 81 
Gib Adjustment for 

16 • Attachment 



C/\tvl M ILLING ATTACHMENT 
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CAM MILLING ATTACHMENT 

The Ca m l'vli ll ing Attach­
ment is designed for hand 
feed mil ling o f face cams 
up to 16" diameter and 
cylind rica l cams up to 8" 
d iameter . La rge r diamete r 
cy lindrica l cams can be cut 
by using a ra ising block . 
F igure 8 1 A shows the at­
tachment in position for 
milling cy lin Inca ! ca ms. 
For m ill ing face cams it is 
onl y n ecessa ry to reset t he 
a ttachmen t spindle hous­
ing at righ t angles to the 
table T-slots 

~ 

WORK 
SPINDLE 

,, _ __ __..,.,._.c"'-' 

SLIDE CA M 
ROLLER 

BASE 

Figure SIA 
Ca m Milling Attachment 

CABLE 
BRACKET 

T he work spind le supplied is 2" in d iameter and 6" long. a plain cylindrical 
shape. S ince cams are mo re or less specia lized items. it will be necessary 
to make the ,,·o rk ho lding unit to suit the job. One " ·ay to accomplish 
this is to remove the " ·o rk sp indle and turn it clO\rn to suit t he inside diam­
eter of t he work and master cam. While d isassembled, tt can be keywayed. 
and d rill ed and tapped in the encl for a clamping sere\\·. Another method 
would be to rernove the \\"Ork spindle, cut off the projecting encl, and bore 
out the rema inder for a No. IO or 11 B. & S. taper. When this method is 
employed, t he spindle shou ld be drilled for a ½" or %" draw-in 1::olt . 
\\ ith the work spindle arranged in t his manner , it is a simple matter to 
select proper arbors from your cool crib. 

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

To set up this attachrnent, mount it cent ra ll y on the machine table and 
clamp the base in the center tee-slot. Mount the cable bracket on the 
right-hand encl o f t he ta ble. After mounting the master cam and the work 
on the wo rk spindle, attach the cable to the hook in the slide, pass the cable 
over the cable bracket and attach the ,,·eight to the other end. The weight 
acts to keep the master cam in engagement wi th 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 rota ted by means of the worm and worm wheel. 

===========[ 87 ]=========== 
Publlcnllon J:l:o. :II-S,5-C 



00 
00 

Dia. 
Work+ 

Size 
Attach. ~ 

; :l 
¾ 
¾ 

I 
1¼ 

I 1¾ 
N--
D l½ 
I I¾ 

2 
C 2¼ 
A 2¾ 
T 3½ 

- -
E 3¾ 
D -I¼ 

4.¾ 
T 5½ 

A 5¾ 
7¼ 

B--
L 7¾ 
E 9¼ 

9½ 
11½ 

F 121/s 
E 15¼ 

~ 151/s 
19¾ 
20 
24.¾ 
30¾ 
40 

1 • 

20'' and 
16" 24 • 

- ---
.056 .OS-I 
.07 1 .105 
.OS5 . 120 
. 11 3 .16' 
.1 -12 .210 
.156 .231 
--- -

. 170 .2:j2 

. 100 .29·1 

.227 .336 

.2H .357 

.312 .462 

.3!:JS .5SS 
--- -

.tl l2 .609 

.4S3 . 71-1 

.525 .777 

.62-1 .92-1 

.653 .966 

.S2-l 1.22 

.S66 1.28 
1.05 1.55 
1.12 1.66 
1.30 1.93 
1.40 2.08 
1.73 2.56 
--- -
1.74 2.58 
2.24 3.32 
2.27 3.36 
2.81 4.16 
3.49 5 .16 
4 .54- 6 .72 

FEEDS OBTAINED ON CIRCULAR MILLlNG ATTACHMENT 
CORRESPONDING TO IN DICATED FEED AND DIAMETER OF WORK 

2" 3" 4" 5" 6" 7 • 8" 

- -,2o• and 20"and 20"and 20" and 20'and 20" and 120" and 
16" 24 " 16" 24 " 16" 24 • 16" 24" 16" 24 " 16" 24" 16" 24 " 
--- - - - - - ---- - - - - ----- - --

.]13 . 16~ .liO .252 .227 .336 .2S-l .·120 .3-10 .50-1 .397 .58S .'15<1 .672 

. 1-12 .211 .213 .315 .2S-J 421 .355 .526 .426 .63 1 .497 .736 .;,67 .8-11 

. 170 .252 .256 .37S .3-11 .505 .426 .631 .511 .757 .596 .S83 .6Sl 1.01 

.226 .336 .3-11 .50-1 .·155 .672 .56S .S-10 .6S1 1.01 .795 1. 1S .000 I .3'1 

.2'-l .•1:20 .426 .630 .56S .S-10 .710 1.05 .S52 1. 26 .99-l 1.47 1. 13 1.6S 

.312 .·JG3 .·169 .69:1 .625 .925 .7S2 1. 16 .93S 1.39 1. 00 1.62 1.25 I .Sl 
----- - - - - - - - - - - - --- - - - - - - - - -

.3 10 .50-1 .51 1 .755 .6S1 I.OJ .852 1. 26 1.02 1.51 1. 19 1 .76 1.36 2.02 

.308 .5SS .596 .S82 .796 l.17 .995 1.47 1.19 1.76 1 39 2.06 l .50 2.35 

.•15-1 .673 .6S1 1.01 .908 1.34 1.13 1.6S 1 .36 2.02 1.59 2 .35 I . 2 2.69 

.·182 .71-1 . 72-J 1.07 .965 1.-13 1. 21 l . 7S 1.45 2 .14 1.69 2.50 l .!)3 2.S6 

.625 .924 .938 1.3S 1.25 I . 5 1. 56 2.31 I. 87 2.77 2.18 3.2-l 2 50 3.70 

.795 1.17 1.19 1. 76 1.59 2.35 1.99 2.9-1 2.38 3 53 2 78 -I . 12 3 IS -1. 70 
- - - - - - - - ------ - - - - - - - - - - - - --

.82-1 1.22 1.23 l .83 1.6-1 2.44 2.05 3.0-1 2.4.6 3 66 2 ss 4 .26 3.2Q 4 . 7 

.965 1.43 l .H 2. H l. !)3 2.S6 2.-11 3.57 2.S9 -1 .2S 3.37 5 .00 3. 5 5.72 
1.05 1.55 1.57 2.33 2.10 3. ll 2.62 3 .SS 3 .15 4.66 3.67 5.'13 4.20 6.21 
1. 2-1 1.S5 l .S7 2.77 2.49 3.70 3 .11 4.62 3 .74. 5.54 ·1.37 6 46 .J .9!) 7 .39 
1 .31 1.93 1 .96 2.90 2.6-l 3 S6 3.26 -l .83 3.92 5.79 4.57 6.76 5 .23 7.73 
I .64 2.44 2.'17 3.66 3.29 4 ss 4. 12 6 .10 4.9-l 7.32 5.76 S.5-1 G.59 9.75 

---- - - - - - - - - --- - - - --- - ----
1. 73 2.56 2.60 3 .S4 3 .46 5.12 4.33 6.-10 5 .20 7.6S 6 .06 .96 6. !)3 10 2 
2.10 3 .10 3 .15 4. .66 4. .20 6.22 5 .25 7 .77 6 .30 9.33 7.35 10.9 8 .,10 12.4 
2.24 3.32 3 .36 4.98 4 48 6.6-l 5 .60 8 30 6.72 9 96 7.85 11.6 8 .9G 13.3 
2.61 3 86 3.92 5.80 5.22 7 .71I 6 .5-l 9 67 7 8-l II 5S 9 15 13.5 10.,1 15.4 
2.81 4 .16 4 .21 6.2-1 5.61 8 .32 7.03 10 . .J .43 12 . .JS 9. .j l.J .5 11 2 16.6 
3 4.6 5 . 12 5 . I!) 7 .6S 6.92 10.2 S. 65 12.S 10 .4 15.3 12 .1 17 ,!) 13. 20.4 
--- - - - - - - - -- ---- - - --- - --
3.4.9 5 .16 5 .2-l 7 .7-l 7 .00 10 .3 8 . 7-1 12.9 10.5 15 5 12.2 18.0 13.!) 20 .6 
4..42 6.64 6.62 9.95 8 .8-1 13.2 11.0 16.6 13.2 19.9 15.4 23 .2 17 G 26 .5 
4.54 6 .72 6 .81 10 . l 9.0!) 13 .4 11.3 16.8 13.6 20.2 15.!J 23 .5 18.2 26 .!J 
5 .63 8 .32 8.45 12.4 11.2 16 .6 H .0 20 .S 16.9 2-l.9 19 6 i29. 1 

22 .4 33 2 
7.00 10 3 10 .4 15.5 13 .9 20 .6 17.4 25.S 20 .9 131.0 2-1 .4 36 .2 27 !) -1 1.3 
9.09 13 .4 13.6 20 . 1 1S.2 26 .S 22 .7 33 .6 9~ ? ·I0 .-1 31.S 47 0 36.-1 53.7 _, -~ 

9 • 

20 ' and 
16 " 24 " 

.511 .756 

.630 .946 

.766 1.13 
1.02 1.51 
1.27 l.S9 
1.10 2.08 

- - - -
1.53 2.27 
1.79 2.6-1 
2.0-1 3.02 
2.17 3.22 
2.SI 4 .16 
3.5S 5.29 
--- -
3 70 5.49 
-1 3-1 6.43 
,1. 72 6.99 
5.61 8.31 
5.S7 8.69 
7 .41 11.0 

- - - -
7.80 11 .5 
9 .45 14.0 

JO. I 14.9 
11 .7 17 .4 
12.6 1S.7 
15 6 23 .0 
--- -
15.7 2-3 .2 
19.8 29 .8 
20.4 30.2 
25.3 37. 4 
31.4 -16 .5 
4.0.9 60.5 
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0 = 

Dia. 
Work+ 

Size 
Attach. ♦ 

½ 
¾ 
¾ 

1 
1¼ 

I I¾ 
N-
D 1½ 

I 1¾ 
2 

C 2½ 
A 2¾ 
T 3½ -
E 31/s 
D 4¼ 

4¾ 
T 5½ 

A 5¾ 
7¼ 

B--
L 7¾ 
E 9¼ 

9¼ 
11½ 

F 12¾ 
E 15¼ 
E--
D I.5¾ 

l!l¾ 
20 
24¾ 
30¾ 
40 

10· 

20• and 
16' 24" 

.568 .8-10 

.710 1.05 

.852 1.26 
1.14 1.68 
1.42 2.10 
1.56 2.31 
----

l.70 2.52 
1.99 2 .!l4 
2 .27 3.36 
2.41 3 .57 
3. 12 4. .62 
3.!JS 5.88 

4. 12 6.09 
-l .83 7 .1'1 
5.2,5 7.77 
6.25 !) 24 
6. 53 9.66 
8. 24 12 .2 

8.66 12.8 
10 5 15.5 
11. 2 16 .6 
13.0 19 .3 
14 .0 20.8 
17 .3 25 .6 

- - --
17 .4 25.8 
22 .4 33 .2 
22 .7 33 6 
28 . l 41.6 
34. fl 51.G 
45.4 67.2 

FEEDS OBTAINED ON CIRCULAR MILLING ATTACHMENT 
CORRESPOJ\1DING TO INDICATED FEED AND DIAMETER OF WORK 

11 " 12· 13" 14 " 15 " 16" 17" 
- 20"and 20" and 20" and 20"and 20 ' and 120' and 20"and 

16" 24" 16" 24" 16" 24 " ~I~ ~1~ 16" 24 • 24" 
- - - - - - --

. 625 . 92-J .681 1.01 .73S 1.09 . 7fJ5 1.17 .S53 I. 26 909 I 3-1 1 .43 

.781 1.16 .852 1.26 .!l2-l 1.36 !l!l-1 I -17 1.06 1.58 1.13 1.6S l .7!l 

.937 1.3!) 1.02 I 51 I. 11 1.6-1 l. l!l I.ii 1.2 1.S!l l 36 2.02 2. 14 
1.25 1.85 1.36 2.02 1.47 2.18 1.5!) 2.35 1.70 ') - 9 - _.)_ I.SI 2.68 2.86 
1.56 2.31 l.iO 2.52 1.8-1 2 73 !.!JS 2.!l-1 2. 13 3 1-1 2 27 3.36 3.58 
l.72 2.5-l 1.S7 2 77 2.32 3 00 2.18 3.2-1 2 :.H 3.46 2.50 3.70 3.927 --- - - - - - ---------------- - --
1.87 2. 77 2.04. 3 .02 2.21 3.28 2.38 3.53 2.55 3.7S 2.72 -l .0-1 -1 .2S 
2. 18 3.2-1 2.38 3.53 2.58 3.S2 2.78 -Ll2 2 9S -1.-11 3 IS 4 70 5 .00 
2.50 3.70 2. 72 4.0-1 2 95 -1.37 3 IS .J. .71 3 -10 5 05 3.63 5.38 5 71 
2.65 3.!l2 2. S!l 4 .28 3. 1-1 -1 .6-1 3 38 5 00 3.62 5 .35 3 S6 5 71 6.07 
3 .44 5 .08 3.75 5.54 -1 06 6.00 4 .37 6.-17 -I 69 6 .9-1 5 .00 7 -10 7.86 
4 37 6 .47 4 76 7.06 5 16 7.65 5 56 8 .2-1 5.96 8 .83 6.36 !l.-1 1 10.0 

- - ------ - - - ------ - - - - - --
4.52 6.70 4 .9-1 7.32 5.53 7.!l2 5.76 8 .5-1 6 .17 9 1-l 6 .5!) !l .7-J 10.3 
5 30 7 .85 5 .79 8.56 6 .26 9 2S 6.75 10.ll 7 2-1 10 .7 7 71 11 . -I 12 I 
5 .77 8 .55 6.30 !l .34 6.82 10 . I 7.35 10.\J 7 S6 11.6 8.-10 12.-1 13 2 
6 .86 10.1 7 .4.!l 11. l 8 .1 l 12.0 S.7-1 12 !) !J .36 13.S 10.0 1-1.S 15.7 
7. l!l 10 .6 7 .85 11 .6 8. 50 12.5 !l . 15 13.5 !J .SO 1-1.5 10.-1 15.5 16 -I 
9 .06 13 .4 9.8!) 11 .6 10 .7 1.5.S 11 .5 17 . I 12.3 IS.3 13.2 l!l .5 20.7 - - ----- - --- ------------ -
9 53 14 .1 10 .,1 15 3 11. 2 16.6 12. 1 17 !) 13 0 I !l 2 13 S 20 .5 21.S 

11 .5 17 .1 12 .6 1S.6 13 .6 20.2 1-1.7 21 .7 15.7 23 .3 16 S 2-1 S 26 .-1 
12.3 18 .3 13 .4 l!l . 9 l-1 5 21. 6 15 7 2:3 .2 IG.S 2-1. fl li !) 26.6 2S .2 
14 .6 21.2 15 .6 23 2 16 .!l 25 .1 18 .3 27.0 J!) . (j 2!) 0 20 .S 30.!l 32 .S 
15 .4 22 .9 16 .S 2-t .!l IS.2 27 .0 l!l .7 2!l . l 21. 1 31.2 22 .-1 33 .2 35 3 
19 .0 28. IS 20 .8 30 .7 22 5 33 .3 2-1 2 35 .S 25 .9 38 -1 27 7 -IL .O ·13.6 
---- - - ------ - - ------ -

l!l .2 2S .4 21.0 30 .!l 22 .7 33.5 24 .4 30 . 1 26 2 3S 7 27.!1 -11 .3 43.\) 
24. 3 36 4 26 .5 3!l.S 28 .7 43 . I 30 !l -16 .4 33.6 -l!l .7 35.3 53 0 56. -t 
25 .0 37 .0 27.2 -10 .3 29.5 43.6 31.S -17 .0 34 .0 50 4 36.3 53 7 57. I 
30 .9 45 .S 3:J. 7 49 !l 36.5 54 . l 3!l .3 5S 3 ,12 .2 02.-1 ·15 .0 66 .6 70 .7 
3R .4 56 .8 41. !) 62.0 45.5 67 . I 48 .!l 72 .-1 52.4 77 5 55 .!l 82.6 87.8 
50 .0 73 .!l 54 .5 80.6 5!l .O 87 .5 63 .6 !l-1. l 68 .2 100 .9 72 .7 107 .5 114 .2 

18" 19" 

20"and 20"and 
24" 24" 

1.51 1.59 
l.89 1.99 
2.27 2.-1 
3.02 3 .1!) 
3 .7S 4.00 
-1 .16 .J. 39 
----

-l .5-1 -1. 7!) 
5.29 5 .5!) 
6.05 6 -IQ 
6.'12 6.78 
8 .32 8 .7S 

10.6 11 . l 
--- -

LO . !l 11 .5 
12 .S 13.5 
13 . !l 1-1. 7 
IG.G 17 .5 
17 3 IS.3 
21 .!l 23 .2 
----

23 .0 2-1.3 
27.9 2fl .5 
2fl .S 31 5 
3-1.S 36.7 
37 -I 39 .5 
-16 2 4S.7 

- - --
•IG .4 -1 \) .0 
5fl.6 63.0 
60.5 63 .!l 
7-1 .!l 7!1.0 
93 .0 !l8.2 

120.1 127.!l 

20 " 

20"and 
24" 

1.68 
2.11 
? " ? - .)_ 

3.36 
4.21 
-1 .62 
--

5.0-1 
5.88 
6.73 
7 .1-l 
9 . 2-1 

11 .7 
--

12. l 
1-1.3 
15.5 
IS.-1 
l!l.3 
2-J. -1 
--
25.G 
31.0 
33 .2 
3S.O 
-1 1.G 
51.2 

- -
51 .6 
66.·1 
67 .2 
S3 .2 

103.2 
134.4 
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CINCINNATI DIAL TYPE MILLING MACHINES 
Bf====================}v 

METHOD OF CALCULATING MACHINING TIME 
The actual cutting time for milling any piece of work may be calculated 
from the following formula . 

T = Actual Milling Time in M inutes . 
L = Length of Cut in Inches . 
A= Approach of Cutter in Inches . 
0 = Over-travel of Cutter in Inches. 
F = Feed in Inches per Minute. 

The approach of the cutter is the distance the table mus t 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 facto r to al low for 
variations in the length of the work piece and in c lamping. 

The feed is the most important factor, but there are such wide va riations in 
feed depending upon the cutter, material , and the m ethod 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 o f feeds and speeds is contained 
in our booklet ··Mil ling 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. 

Length of Cut. . . . . . . . . . . . . . . . . . . . . . . . . . . . 8" 
Width of Cut.. . ... . . . . . . .......... . ... . . . 4" 
Diameter of Cutter.. .. . .. . . . . . . . . . . . . . . . . . 6" 
Over-travel . . . . . . ..... .. .. ........... assume ¼" 
Feed .... .. . . . ........ . . . ...... . . 11" per minute 

Then L = 8 11 

A= .77 1
' (Sec table entitled .. Approach of Cutter for End Mills and Face 

0 = ¼" Mills .. , page 92.) 
F= II" 

A d ·r s + .77 + .25 n = ---- = 82 minutes 11 . . 

Total t ime, floor to floor = .82 + Handling Time + Time to Clear Work 
of Cutters. 
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CALCULATING MACHINING TIME 
Gf======= = =============}c> 

FEED 

WORK FA!CE 
MILL 

--EB- ~-+ i1 
,.,C:.-1---------! 

{A_· L -

Figure 82 

CUTTER - -FEED 

WORK 

-- -- - --- - ---
- - -- - - -

-- - --- ---- --· ---

Figure 83 
Approach o f Cutter for Face and 
End Mills, with Center of Cutter 
Approxinrntely in Line with Center 
of Work. 

Approach of Cutter for Slab Milling, 
Keywaying, Gear Cutting, Sawing, 
etc. 

Example : Suppose a gang of five gear blanks are to be milled between the 
centers of a Dividing Head, under the follO\\·ing conditions of feed, 
depth of cut , etc. Calcula te the actual cutting time. 

Then 

Width of Gear Face .. . . . . . . . . . . . . . . . . . . . . . . 1" 
Whole Depth of Tooth......... ...... .. .. .270 u 
Diameter of Cutter...... .. . . ... . ... .... .. 2¾u 
Over-travel ....... .... . . .... . .. . . .... assume Vs" 
Feed . . ... ...... . . . . . .. . ...... . 81/s" per minute 

L = 5" 
A= .79 " 
0= ½" 
F= 8½" 

(Five gears, each I• wide.) 
(See table entitled "Approach of Cutter for Spiral Mills, l<eyway 

Cutters, Saws, etc." , page 93.) 

5 + .79 + .125 
And T per tooth = ------- = .73 minutes 

8. 125 

Total time floor to floor: 
= (.73 x No. of teeth) + (indexing time for one tooth x No. of teeth - I) 

5 

handling time + time to clear work of cutters. +- --~-~-------------
5 
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WORK PIECE 

A 
Pt-291 

-Ay 

Figure 84 
Approach of Cutter for Face and End Mills . 

with Center of Cutter Offset from Center of \Vork. 

Example: If we have a pa rt which requires a cut with a n encl 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" di a meter face mill 
taking a 2½" width of cut , and that one edge of the work is 1 ½ " from the 
periphery of the cutter (dimension '"X' in Figure 84), while the opposite 
edge is 4" from the periphery (dimension ··y-· = 1 ½ " + 2½ "). Then the 
approach of the cutter is the difference between the approach for a 4" depth 
of cut and a I½" depth of cut. In the table entitled '"Approach of Cutter 
for Spiral Mills, I<eyway Cutters, Saws, etc ... , the approach for an 8" cutter 
at a 4" depth is 4", while at a 1 ½" 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 of Cutter Approximately in Line with Center of Work) 

WIDTH OF CUT 
Dia. 
of 

Mill 
1· / 2· I 3• I ➔ • 1 s· 16" I 7" , _8" I 9• j ,o· j 11· i 12· 

' 

I 
I 5 
I ~'2 192 
2 I 3 5 I . 
2 Vi IDS . 5 
3 09 37 I . 5 
4 07 27 68 2 . 
5 05 24 5 I 2 5 
6 04 18 4 77 I . 34 3 . 
7½ 04 . 14 32 59 .% I . 51 2 .63 
8 033 13 2C) 54 .88 I . 36 2 .07 4 

10 .025 10 23 .43 56 1.00 I .43 2 2 .82 5 
12 .020 .08 IC) . 35 . 54 .81 I . I 3 I 53 2 .04 2 69 3 6 b 

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

Examrle: Io• diumercr fuce mill : 8 • width ol cut : approach of cutter is 2 • . 
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Approach of Cutter for Spiral Mills, Keyway Cutters, Saws, Etc. 

DEPTH OF CUT 
Dia. 
of 

J,~. I I%. I 11/e· I ½. I ¾. I I. I I½' I I I Mill ½ " ¼" 2· 3. 4• I 

I¼ . 272 . 37 44 . 50 .57 .612 
11 (, . 2C,9 . 41 49 .56 .65 .7 1 .75 
I¾ 32 . 45 54 .61 .72 .79 .87 
2 . 35 .48 . 58 .66 .78 .87 .97 I .00 
2¼ . 37 . 52 .62 .71 .84 .93 1.06 1. 12 
2~2 .39 . 54 .66 .75 .8() 1.00 1.15 l . 22 
2¾ .41 . 57 69 .79 .94 I .06 I .22 l .32 
3 .4 3 60 .73 .83 .99 1.12 I .30 I .41 I 50 
3¼ .45 63 .76 .87 I 04 I . 17 I .37 I. 50 I .62 
3 ~2 .46 .65 .7() .91 1.08 I .22 1.44 I . 58 1.73 
3¾ 48 67 82 .93 I 13 I .28 l . 50 1.66 1.84 
.j 49 70 .85 .97 I . 17 I 32 I 56 I . 73 I .94 2 OU 
4¼ 511 72 .87 I .00 I .21 I 37 I .62 I .80 2 03 2 . 12 
4~-z . 5 3 74 .90 I 03 I .24 I 41 I .67 1.87 2 . 12 2 .24 
4¾ . 54 .76 92 I .06 I 28 I .46 I .73 I .93 2 .21 2 .35 
s . 56 78 .95 I . 0() I 32 I. 50 I .79 2 .00 2 .29 2 .45 
5;2 . 58 .82 I .00 I 14 I .39 I .58 1.89 2 . 12 2 .45 2 .64 
6 .61 .86 I .04 I 20 I .45 I .66 I .98 2 24 2 .60 2 .83 3.00 
61 / , 2 .634 89 I .09 I .25 I . 51 1.73 2 .08 2 .35 2 .74 3 .00 3 .24 
7 .658 93 I . 13 I .30 I . 58 I .80 2 17 2 .45 2 87 3 . 16 3 .46 
7 Vi .68 .95 I .17 I 35 I 63 I .87 2 .25 2. 55 3.00 3 .32 3 .67 
8 . 71 .99 I .21 I .39 I .6() 1.()4 2.33 2 .65 3 .12 3 .46 3.87 4 .00 
8 J :I .73 I .03 1 .25 I 44 1.74 2.00 2 .41 2.74 3 .24 3 .61 4 .06 4.24 
9 75 I .05 I .28 I .48 l .80 2 .06 2 .49 2 .83 3 . 36 3 .74 4 .24 4 .47 
9 1 / 77 1.08 I . 32 I . 52 I 85 2 . 12 2 . 56 2 .()2 3 .47 3.88 4.42 4.69 , 2 

10 79 I 11 I . 35 I . 56 I .90 2 18 2 .63 3 .00 3. 57 4 .00 4 . 58 4 .90 
10 ~~ 81 I 14 I 39 1.60 I .95 2 .24 2 .71 3 .08 3 .67 4 . 12 4 .75 5.10 
11 .83 I . 17 I .42 I 64 2 00 2 .2() 2 .77 3 . 16 3 .77 4 .24 4 8() 5 .29 
11 J 2 .85 1 . 19 I .46 I 68 2 04 2 . 34 2 .84 3 .24 3 .87 4 . 36 5 04 5 .48 
12 .86 I .22 I . 4g I .72 2 .09 2 .40 2 .91 3 .32 3.97 4 .47 5 . I g 5.65 

How to Read the Table-Follow down the column headed " Dia. of Mill" until you come 
to the diameter o f cutter which you are using. Follow across to the right until you come to 
the column unde r the depth of cut which the cutter is taking. The figure given is the 
approach of the cutter. 
Example : 2¾ • diameter cutter. ¼•depth of cut: approach of cutter is .7()' . 
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INDEX TABLES (Numerical Divisions) 
For Standard Dividing Bead 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 l\lf illing 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-46-47-49-5 l-53-54-57-58-59-62-66 

Large Plate of Wide { First Side-24-28-30-34-37-38-39-41-42-43-I00 
Range Divider Page58 Second Side-46-47-49-5 l-53-54-57-58-59-62-66 

<J) <J) "' "' "' C: C: C: C: C 
0 0 0 0 0 

'vi 'vi 'vi ·;;; 'vi 
·,; ·,; ·,; ·,; ·,; 
i5 0 0 0 c 

" "' :l:l 0 "' e :(! - "' :!l 0 " ~ 0 ., :!l 0 
., 

~ 
C t) 

~ 
t) 0 0 t) 

~ 
t) 

~ 
(J 0 .. "' ci d 0 .. d 0 d ci d 0 ... :, :, a. c.. 

:!l 
u 
d 
c.. u c.. u c.. u z f--, (/) z f--, (/) z a. 

rfJ z u rfJ z u (/) z (5 rfJ 

2 Any 20 . .. . 37 37 1 3 80 24 12 148 37 10 248 62 10 460 46 4 
3 24 13 8 38 38 1 2 82 41 20 150 30 8 250 25 4 464 58 5 
4 Any 10 .. . . 39 39 1 I 84 42 20 152 38 IO 255 51 8 470 47 4 
5 Any 8 . ... 40 Any I . .. . 85 34 16 155 62 16 260 39 6 472 59 5 
6 24 6 16 41 41 . . . . 40 86 43 20 156 39 10 264 66 10 480 24 2 
7 28 5 20 42 42 . . .. 40 88 66 30 160 28 7 270 54 8 490 49 4 
8 Any 5 . .. . 43 43 . . .. 40 90 54 24 164 41 10 272 34 5 498 62 5 
9 54 4 24 44 66 . . . . 60 92 46 20 165 66 16 280 28 -I 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 31 8 296 37 5 520 39 3 
12 24 3 8 47 47 . . .. 40 96 24 10 172 43 10 300 30 4 528 66 5 
13 30 3 3 48 24 . ... 20 98 49 20 176 66 15 304 38 5 530 53 4 
14 49 2 42 49 49 .. .. 40 100 25 10 180 54 12 310 62 8 540 54 4 
15 24 2 16 50 26 . . .. 20 102 51 20 184 46 IO 312 39 5 560 28 2 
16 24 2 12 51 51 .... 40 104 39 15 185 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 50 4 
19 38 2 4 54 54 . .. . 40 108 54 20 192 24 5 336 42 5 600 30 2 
20 Any 2 .. . . 55 66 . . .. 48 110 66 24 195 39 8 340 34 4 620 62 4 
21 42 l 38 56 28 ... . 20 112 28 IO 196 49 IO 344 43 5 660 66 4 
22 66 1 54 57 57 .... 40 114 57 20 200 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 4 740 37 2 
25 25 1 16 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 l 18 65 39 . . .. 24 125 25 8 216 54 IO 392 49 5 840 42 2 
29 58 1 22 66 66 . . .. 40 130 39 12 220 66 12 400 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 IO 410 41 4 920 46 2 
32 28 1 7 72 54 . . .. 30 136 34 10 230 46 8 420 4.2 4 940 47 2 
33 66 1 14 74 37 .. .. 20 140 28 8 232 58 IO 424 53 5 960 24 1 
34 34 1 6 75 30 .. .. 16 144 54 15 235 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 6 

245 49 8 456 57 5 I 
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INDEX· TABLE (Numerical Divisions) 
FOR HIGH NUMBER INDEXING ATTACHMENT 

indexes ell nun1 bcrs up to ond including 200 : all even numbers nnd those divisible by 5 up to and 
including 400, except 215, 275. 325, 375. 
This attachment consists of a set of 3 index plates which are dri lJcd o n s ix sides. A. [3 , C. D . E ond F . 
Example to index 35 dh•isions-This division can b e made from ,ide F. D. A. or E. T he preferred side is F, 
since this requires the least number o f holes. Our shou ld either D, A or E be in p lace. it con be used, 
thus a,·oidini; the bother of chongini: plates. 

I ~ I J I 1 I;~ I j I j I J I 1 I ;~ I j I j I 1 I ;~ I j I j 11 .... I 0 
• .,: C) 

0-- ':, 
z i:i en 
2Any A11y 

3 A 30 
3 B 36 
3 E 42 
3 C 93 
3 F 159 
4 Any Any 
5 Any Anr 
6 A 30 
6 B 36 
6 E 42 
6 C 93 
6 F 159 
7 F 28 
7 E 42 
7 D 77 
7 A 91 
8 Any A11y 
9 B 36 
9 A 99 
9 C 153 

10 Any A11y 
11 D 44 
11 A !J!J 
11 F 1-1'.l 
12 A :JO 
12 B 36 
12 E 42 
12 C 93 
12 F 159 
13 E 26 
13 A !J I 
13 F 113 
13 B JG!J 
14 F 28 
14 E 42 
14 D 77 
14 A !JJ 
15 A 30 
15 B 36 
15 E 42 
15 C 93 
15 F 15!) 
16 E 26 
16 F 28 
16 A 30 
16 D 32 
16 C 34 
16 B 36 
17 C 34 
17 E 119 
17 C 153 
17 F 187 
18 B 36 
18 A !J!J 
18 C 153 

20 
13 
13 
13 
13 
13 
10 

10 
12 
14 
31 
53 

8 ... 
6 20 
6 24 
6 28 
6 62 
6 106 
5 20 
5 30 
5 55 
5 65 
5 .. . 
4 16 

44 
68 

4 
4 
4 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

28 
63 
!J I 
10 
12 
14 
31 
53 

2 
7 

3 11 
3 13 
2 24 
2 36 
2 66 
2 78 
2 20 
2 24 
2 2 
2 62 
2 106 
2 13 
2 14 
2 15 
2 16 
2 17 
2 18 
2 12 
2 42 
2 54 
2 66 
2 8 
2 22 
2 34 

19 F 38 
19 E 133 
19 A 171 
20 Any Any 
21 E 42 
21 A 147 
22 D 44 
22 A 99 
22 F 143 
23 C 46 
23 A 6!) 
23 E JG! 
24 A 30 
24 B 36 
24 E 42 
24 C 93 
24 F 159 
25 A 30 
25 E 175 
26 E 26 
26 A 9 1 
26 B JG9 
21 n 8 1 
27 A 189 
28 F 28 
28 E 42 
28 D 77 
28 A 91 
29 E 87 
30 A 30 
30 B 36 
30 E 42 
30 C 93 
30 F 159 
31 C 93 
32 F 28 
32 D 32 
32 B 36 
32 A 48 
33 A 99 
34 C 34 
34 E l 19 
34 F I 7 
35 F 28 
35 D 77 
35 A 91 
35 E 119 
36 n 36 
36 A 99 
36 
37 
38 
38 
38 
39 
40 

C 153 
B 111 
F 38 
E 133 
A 171 
A 117 

Any Any 

2 
2 
2 
2 

4 
14 
18 

1 38 
1 133 
1 36 
1 8 1 
1 117 
1 34 
I 51 
1 11 9 
1 20 
I 24 
1 28 
I 62 
1 106 
1 18 
1 10.5 
I 14 
I 49 
I 91 
1 39 
1 9 1 
I 12 
1 18 
1 33 
1 39 
I 33 
I 10 
1 I '.l 
1 14 
1 31 
1 53 
I 27 
1 7 
1 8 
l 9 
1 12 
l 21 
1 6 
1 21 
1 33 
1 4 
1 11 
1 13 
1 17 
1 4 
l 11 
1 17 
1 9 
1 2 
l 7 
1 9 
l 3 
l 

41 
42 
42 
43 
44 
44 
44 
45 
45 
45 
46 
46 
46 
47 
48 
48 
49 
50 
50 
51 
52 
52 
52 
52 
53 
54 
54 
55 
55 
56 
56 
56 
56 
57 
58 
59 
60 
60 
60 
60 
61 
62 
63 
64 
64 
65 
65 
65 
65 
66 
67 
68 
68 
68 
69 
70 

C 123 120 
E 42 40 
A 147 140 
A 129 120 
D 44 40 
A 99 90 
F 143 130 
n 36 32 
A 99 88 
C 153 136 
C 46 40 
A 69 60 
E 16 1 140 
B 141 120 
A 30 25 
B 36 30 
A 147 120 
A 30 24 
E 175 140 
C J.'i3 120 
E 26 20 
A 9 1 70 
F 143 110 
B 16!) 130 
F 1.59 120 
13 8 1 60 
A I 9 140 
D 44 32 
F 143 104 
F 28 20 
E 42 30 
D 77 55 
A 91 65 
A 171 I 20 
E 87 60 
A 177 120 
A 30 20 
B 36 24 
E 42 28 
F 159 106 
B 183 120 
C 93 60 
A 189 120 
D 32 20 
A 48 30 
E 26 16 
A 91 56 
F 143 88 
B 169 104 
A 99 60 
B 67 40 
C 34 20 
E 119 70 
F 187 110 
A 69 40 
F 28 16 

70 
70 
70 
71 
72 
72 
72 
73 
74 
75 
76 
76 
76 
77 
78 
79 
80 
80 
80 
80 
80 
80 
80 
81 
82 
83 
84 
84 
85 
85 
85 
86 
87 
88 
88 
88 
89 
90 
90 
90 
91 
92 
92 
92 
93 
94 
95 
95 
95 
96 
96 
97 
98 
99 

100 
100 

D 42 
A 91 
E 119 
F 71 
B 36 
A 117 
C 153 
E 73 
B 111 
A 30 
F 38 
E 133 
A 171 
D 77 
A 117 
C 79 
E 26 
F 28 
A 30 
D 32 
C 34 
B 36 
E 42 
B 81 
C 123 
F 83 
E 42 
A 147 
C 34 
E 119 
F 187 
A 129 
E 87 
D 44 
A 99 
F 143 
D 89 
B 36 
A gg 
C 153 
A 91 
C 46 
A 69 
E 161 
C 93 
B 141 
F 38 
E 133 
A 171 
B 36 
A 48 
n 97 
A 147 
A 99 
A 30 
E 175 

24 
52 
68 
40 
20 
65 
85 
40 
60 
16 
20 
70 
go 
40 
60 
40 
13 
14 
15 
16 
17 
18 
21 
40 
60 
40 
20 
70 
16 
66 
88 
60 
40 
20 
45 
66 
40 
16 
44 
68 
40 
20 
30 
70 
40 
60 
115 
56 
72 
15 
20 
40 
60 
40 
12 
70 
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HIGH NUMBER INDEX T :\BLES 
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-· . -101 F IOI 40 137 D 
102 C 153 60 138 A 
103 E 103 40 139 C 
104 E 26 10 140 F 
104 :\ !J I 35 140 E 
104 F 143 5.'', 140 D 
104 I) 169 65 140 A 
105 E 42 IG 141 13 
105 ,\ 147 56 142 F 
106 F 159 60 143 F 
107 I) 107 40 144 13 
108 B I 30 145 E 
108 ,\ I 9 70 146 E 
109 C IO!l 40 147 A 
110 I) 44 1G 148 13 
110 ,\ !l!l 36 149 E 
100 F 143 52 150 A 
111 13 111 40 151 D 
I 12 F 28 IO 152 F 
112 r. 42 I.", 152 E 
113 F 11 3 40 152 A 
114 A 171 60 153 C 
115 C 46 IG 154 D 
115 A 6U 2·1 155 C 
115 E 161 5G 156 A 
11 6 E 87 30 157 13 
117 ,\ 117 40 158 C 
118 A 177 60 159 r 
119 r. 119 40 160 r 
120 ,\ 30 10 160 D 
120 IJ 36 12 160 13 
120 E 42 14 160 A 
120 C !13 31 161 E 
120 F 1:'i!) :i:1 162 13 
121 I) 121 ·10 163 D 
122 13 I 3 60 164 C 
123 123 40 165 A 
124 C 93 30 166 F 
125 r. 175 56 167 C 
126 ,\ I !l 60 168 E 
127 IJ 127 40 168 A 
128 I) 32 10 169 B 
128 ,\ 4 15 170 C 
129 ,\ 12!) 40 170 E 
130 I·, 26 s 170 r 
130 ,\ !) I 28 171 A 
130 F I ~3 44 172 A 
130 B 169 -., ...,_ 173 F 
131 F 131 40 174 E 
132 :\ 9!) 30 175 E 
133 E 133 40 176 D 
134 B 67 20 177 A 
135 13 SI 24 178 D 
135 ,\ 189 56 179 D 
136 C 34 10 180 B 
136 E 119 35 180 A 

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. 

- -137 40 180 C 153 34 240 E 42 7 320 A 48 6 
69 20 181 C 181 40 240 A 48 8 322 E 161 20 

139 40 182 A 91 20 242 D 121 20 324 B 81 10 
28 8 183 13 183 40 244 B 183 30 326 D 163 20 
42 12 184 C 46 10 245 A 147 2-1 328 C 123 15 
77 22 184 :\ 69 15 246 C 123 20 330 A 99 12 
91 26 184 E 161 35 248 C 93 15 332 F 83 10 

141 40 185 13 111 24 250 E 175 28 334 C 11\7 20 
71 20 186 C 93 20 252 A 189 30 335 n 67 8 

143 40 187 F 187 40 254 B 127 20 336 E 42 5 
36 10 188 13 141 30 255 C 153 24 338 B 169 20 
87 24 189 A 189 40 256 D 32 5 340 C 34 4 
73 20 190 F 38 8 258 A 129 20 340 E 119 14 

147 40 190 E 133 28 260 E 26 4 340 F 187 22 
I 11 30 190 A 171 36 260 A 91 14 342 A 171 20 
14() 40 191 E l!ll 40 260 F 143 22 344 A 129 15 
30 8 192 A 48 10 260 13 169 26 345 A 69 8 

151 40 193 D 193 40 262 F 131 20 346 F 173 20 
38 10 194 13 97 20 264 A 99 15 348 E 87 10 

133 35 195 A 117 24 265 F l.'i9 24 350 E 175 20 
171 4.", 196 A 147 30 266 E 133 20 352 D 44 5 
153 40 197 C 197 40 268 13 67 10 354 A 177 20 
77 20 198 A 99 20 270 B SI 12 355 F 71 8 
93 24 199 B 199 40 270 A 189 28 356 D 89 10 

117 30 200 :\ 30 6 272 C 34 5 358 D 179 20 
157 40 200 E 175 35 274 D 137 20 360 B 36 4 
79 20 202 F 101 20 276 A 69 10 360 A 99 11 

lfi9 40 204 C 153 30 278 C 139 20 360 C 153 17 
28 7 205 C 123 24 280 F 28 4 362 C 181 20 
32 8 206 E 103 20 280 E 42 6 364 A 91 10 
36 9 208 E 26 5 280 D 77 11 365 E 73 8 
48 12 210 E 42 8 280 A 91 13 366 B 183 20 

161 40 210 A 1-17 2S 282 B 141 20 368 C 46 5 
81 20 212 r 159 30 284 r 71 IO 370 B 111 12 

163 40 214 D 107 20 285 A 171 24 372 C 93 JO 
123 30 215 ,\ 129 24 286 F 143 20 374 F IS7 20 
!)!) 24 216 B 81 15 288 B 36 5 376 B 141 15 
83 20 216 A 189 35 290 E 87 12 378 A 189 20 

167 40 218 C 109 20 292 E 73 10 380 F 3S 4 
42 10 22:l D 44 8 294 A 147 20 380 E 133 14 

147 35 220 A 99 IS 295 A 177 24 380 A 171 IS 
169 40 220 r 143 26 296 B 111 15 382 E I 91 20 
34 s 222 B 111 20 298 E 149 20 384 A 4S 5 

I 19 28 224 F 28 5 300 A 30 4 385 D 77 8 
1S7 44 226 F 113 20 302 D 151 20 386 D 193 20 
171 40 228 A 171 30 304 F 38 5 388 8 97 10 
129 30 230 C 46 s 305 B 183 24 390 A 117 12 
173 40 230 A 6!l 12 306 C 153 20 392 :\ 147 15 
S7 20 230 E 161 2S 308 n 77 10 394 C 197 20 

17.'i 40 232 E 87 15 310 
CI 93 12 395 C 79 8 

44 10 234 ,\ I 17 20 312 A 117 15 396 A 99 10 
177 40 235 13 1-11 2-1 314 B 157 20 398 B 199 20 

" I '° 236 I A 177 30 315 
A 11S9 24 400 A 30 3 

17!l 40 238 E 119 20 316 C 79 10 . . . .. . . . . . . . . . . 
36 8 240 A 30 5 318 F 159 20 . . . . .... . . . . . . . 
!)9 22 240 B 36 6 320 D 32 .J . . . . ....... 
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~ 
00 

-1 

ti 

I 
11 

~ 
ti 
u 

0 

I 
2 
3 
-I 
5 
b 
7 
8 
9 

10 
II 
12 
13 
14 
15 
J(J 
17 
IS 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
3b 
.37 
38 
39 
40 

-

--1 Ml l'.I c - -
"' "" :3..:t " CC u C ~ ~ n _., o u ;--c J0u1 0 

· •· . I~ I -II 
• · 42 
. . . . IS 43 
.... 24 -14 
. . .. 30 45 
.. JL, -lb 

42 47 
. . 4S -IS 
I 49 
I l> 50 
I 12 51 
J IS 52 
J 24 53 
I JO 54 
I Jt, 55 
I 42 Sb 
I 4S 57 
2 .. . . 58 
2 C, 59 
2 12 60 
2 IS 61 
2 24 62 
2 JO 63 
2 36 b4 
2 42 65 
2 -IS 66 
3 b7 
3 6 6S 
J 12 69 
J IS 70 
J 24 71 
J JO 72 
J JC, 73 
J 42 74 
3 48 75 
4 76 
4 6 77 
4 12 i8 
.j 1$ 79 
4 2-1 80 

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) 

DEGREES 

CCJ t!l g oa:i Ill "' Oc:l Ill 
orol a:i loa:l ~~ I 

cca ro oro 
)'.I ....: t)..:.: u l'.I ~ )'.) )'.) 

"' -" "'"" 1: "'-" :3..:t '-' "'-" ~..>: ,,..., u 'J).;/. ~ -" " "'"' C C u C :c cc uC cc uc ~ C C u C ~ :: C uC ~ CC u C tt CC 
~ '° C: ~ u .. o n o "' -" " "' ~ n n -.: :, 

- 0 wo -" "" -.. :, -Jil) 0 
:, \.. n L. " :, -0u u u :, - C. - 0 :, - C. -

u :, -f- U :-- U Jill 0 f-- U 0 r-U ~U ::i :-- .) vi U f-- ;J viU C, '-- ;J 

,1 30 81 Q . . 121 13 I 24 161 17 4S 201 22 18 241 2o 42 281 31 
4 Jo 82 9 u 122 I J 30 162 I 202 22 2-1 242 2u ·18 2Sl J J 
-I 42 83 'I 12 113 I J Jo l b3 IS 6 203 22 30 2-13 27 283 J I 
.j 48 S4 9 IS 124 I J 42 lb4 IS 12 2U~ 22 Ju 2-1-1 27 <, 28-1 3 I 
5 .. S5 9 24 l 25 J J -18 165 IS lo 205 22 42 2-15 27 12 2S5 31 
5 ll Sb ') 30 l!b J.j l bb IS 2-1 20() 22 4S 24b 27 18 286 31 
5 1 l S7 CJ 36 117 14 C, 167 IS JO 207 23 247 27 24 287 J I 
5 IS S8 CJ 42 I 28 I 4 12 luS 18 Jo 208 23 6 24S 27 30 288 J2 
5 24 S9 CJ 46 129 14 18 lu9 18 42 209 2) 12 249 27 JC, 289 32 
5 30 90 10 .. 130 14 24 170 IS 4::l 210 2J 18 250 27 42 zqo 31 
5 JC, 91 10 6 131 14 30 171 ) ') 211 23 24 251 27 .j~ 291 J2 
5 42 92 10 12 132 14 Jl, 172 I 'l 6 21 l 2J JO 252 28 292 J2 
5 -IS <)3 10 IS 133 14 42 173 19 J 2 213 2J Ju 253 ZS 6 293 32 
6 . . 94 10 24 13-1 14 -IS 17-1 19 IS 214 23 42 254 28 12 29-1 32 
6 6 95 10 30 135 I 5 175 19 24 215 23 48 255 28 IS 295 J 2 
u 12 96 10 JC, 136 15 ll 176 19 JO 216 24 25b 28 24 296 32 
C, IS 97 10 42 137 I 5 12 177 19 Jl, 217 24 t, 257 28 JO 297 JJ 
t, 2-1 9S 10 48 13S I ; IS J7S JC) 42 218 24 12 156 ZS Ju 298 33 
6 30 99 I I .. 139 I ; 24 179 J <) 4S 219 24 IS 259 28 42 299 )) 
C, 36 100 I I ll 140 I ; 30 l i>O 20 220 24 24 260 28 -IS 300 )) 
C, 42 101 II 12 141 I i Jll ISi 20 6 22 1 24 JO 261 29 301 JJ 
u 48 102 11 IS 142 15 42 182 20 12 222 2-1 Ju 262 29 C, 302 )) 

7 . . 103 II 24 143 15 48 183 20 IS 223 24 42 2b3 29 12 303 )J 

7 () 104 11 30 14-1 JC, • • · 184 20 24 224 2-1 48 26-1 29 IS 304 JJ 
7 12 105 II )(, 145 IC, u 185 20 JO 225 2, 265 29 24 305 33 
7 IS 106 II 42 146 16 12 186 20 Ju 226 2; IJ 266 29 JO 306 34 
7 24 107 II 48 l-17 IC, 18 1S7 20 41 227 25 I Z Zb7 29 Jo 307 ).j 
7 JO 108 12 148 lo 24 188 20 -IS 228 2; IR 268 2" 42 30S ).j 
7 l ll IO'l 12 (, 1-19 16 JO 189 21 229 z; 24 269 2"1 .j 309 ) .j 
7 42 110 12 12 150 16 Ju 190 21 6 230 2; ;~ I 270 JO 310 J.j 
7 48 Ill 12 IS 151 Ill 42 191 21 12 231 2; 171 JO 6 311 ).j 
s 112 12 24 152 lo 48 192 21 IS 231 25 42 272 30 12 312 34 
s 6 113 12 JO 153 17 .. 193 21 24 233 2 i .Ju 273 JO 1:3 313 J.j 
8 12 11-1 12 Ju 15-1 17 u 194 2 I JO 234 2o 27-1 30 24 314 J.j 
8 18 115 12 42 155 17 12 )95 2 I Jo 235 2u (, 275 JO JO 315 Ji 
s 24 116 12 48 156 17 IS 196 2 I 42 236 26 12 276 JO 36 316 3; 
8 30 117 13 157 17 24 197 21 48 237 lb I 277 30 42 317 Ji 
s 36 118 13 C, 158 17 JO 198 72 238 2o 24 278 JO 48 318 35 
s 42 119 I J 12 15<) 17 lo 199 22 6 239 26 JO 279 J I 319 35 
8 48 120 I J 18 160 17 42 200 22 12 240 26 Ju 280 J I IJ 320 JS 

Ill :3 tl-" u 
uC ti, 8.f: u 

viU 0 

12 321 
IS 32l 
24 323 
JO 324 
Ju 315 
42 3lb 
48 327 

318 
C, 329 

12 330 
IS 331 
24 332 
JO 333 
Ju 334 
42 335 
48 336 

... 337 
6 333 

12 339 
18 340 
24 341 
JO 342 
JC, 343 
42 3H 
4S 345 

3-16 
C, 347 

12 3-18 
I 3-19 
24 350 
30 351 
)t' 352 
42 353 
4S 354 
. .. 355 
t, 356 

12 357 
IS 358 
24 359 
JO 360 

Q ::'.J 
"'--" CC ~" :, -
f--v 

35 
J 5 
J ; 
Ju 
Ju 
)i., 
Ju 
Ju 
36 
lt, 
JC, 
)6 
J i 
37 
37 
Ji 
37 
37 
37 
17 
37 
JR 
38 
JS 
18 
JS 
JS 
JS 
JS 
38 
J() 
JC) 
J() 
J() 
JC) 
)CJ 
JC) 
)CJ 
Jg 
40 

:!l 

tl -" uC 
QW 

~u 
Jo 
42 
•l o 

0 
12 
IS 
24 
JO 
Jo 
42 
48 

IJ 
12 
18 
24 
JO 
JC, 
42 
48 

0 
12 
18 
24 
JO 
Jo 
42 
48 

. . 
6 

12 
IS 
24 
JO 
3o 
42 
48 
... 

n 
z n 
z 
z 
> 
-l 

Ci 

--, 
--< v 
rn 
~ 
r 
r 
z 
C) 

r 
> n 
I 
z 
rn 
(./') 



f 

I' 

..r, 

..r, 

i: I .. 
I 

TABLE OF ANGULAR DIVISIONS. Obtainable \Vith Wide Ra n ge Divider 

0 6. . I 8 
0 12 . . . 2 S 12 
0 2-1 . . . -1 8 24 
0 36 . . . t, 8 h • 
0 -18 . . . 8 6 48 
I 10 9 
I . j i . . . . 12 9 12 
I 2-1 . . . . 14 9 24 
I 3t, .. . . 16 'i 3o 
I 48 . . . . 18 'i 41) 
2 . . . . . . 20 10 
2 12 . . . . 22 10 17 
2 2-1 . . 2-1 10 2-1 
2 3o . . . . 26 10 ) C, 
2 46 . . . 28 10 -18 
3 . . . . . 10 11 
3 12 .. 32 II 12 
3 24 . . . 34 11 2-1 
3 J<, . . . . Jc, 11 H, 
3 48 . . . )8 11 48 
4 40 12 
4 j i . . : : 42 12 I 2 
4 2-1 . . . . 44 12 24 
4 3<, . . . -16 12 3u 
4 48 . . 48 12 48 
5 SO 13 
5 12 . . . . 52 13 12 
5 24 . j . . 13 2-1 
5 36 I 2 13 3o 
5 48 I 4 13 48 

~ " i2 : ~ :1 12 
b 24 I 10 14 24 
1, 3f• I 12 14 Jo 
6 48 I 14 14 -I ll 
7 . I 16 15 
7 12 I 18 15 12 

~ ii : ~~ I :~1 ~i 
7 -IR I 24 15 48 

0 
~-" 
u c 
/'ld 

J;U 

I 26 
I 28 
I 30 
I 32 
I J-1 
I J<, 
I 38 
I 40 
I -12 
I H 
I -l (J 
I .;s 
I ;o 
I 52 
2 ... 
2 2 
2 4 
2 (J 
2 8 
2 10 
2 12 
2 14 
2 l (J 
2 18 
2 20 
2 22 
2 2-1 
2 2i, 
2 28 
2 JU 
2 32 
2 3-1 
2 3l> 
2 38 
2 40 
2 42 
2 44 
2 4,, 
2 -18 
2 rn 

(Use 54-h o le c ircle on smnll p la te- See Fig. -12 , page 58) 

11 
l b . . . 2 
16 12 3 
l b 2-1 J 
l b ) b 3 
16 48 3 
17 . . J 
17 12 J 
17 24 J 
17 J(J J 
17 48 J 
18 . . . J 
18 12 J 
18 2-1 J 
18 3t, J 
18 48 J 
19 J 
19 12 J 
19 24 J 
19 )(J J 
19 48 J 
20 l 
20 1i J 
20 2-1 3 
20 ) () 3 
20 48 3 
21 J 
2 I 12 l 
21 24 1 
21 ) () .J 
21 48 -1 
22 -1 
22 j i 4 
22 2-1 -1 
22 JC, 4 
22 -1 8 4 
23 -1 
23 12 -1 
23 24 -1 
23 36 ·I 
23 -1 8 -1 

52 

2 
-1 
l) 

s 
10 
12 
14 
Ill 
18 
20 
22 
2-1 
2() 
28 
JU 
32 
1-1 
Ji:, 
18 
-1 0 
-12 
4-1 
-lb 
-1$ 
so 
5 2 

2 
-I 
(, 

8 
10 
12 
1-1 
IC• 
JR 
20 
22 

FRACTIONS OF A DEGREE 

24 
24 12 
2-1 2-1 
24 Jt, 
2-1 48 
25 
25 12 
25 24 
25 )t, 
25 -IS 
2b . . 
26 12 
l b 2-l 
2b J6 
26 -IS 
27 .. . 
27 12 
27 24 
27 Jo 
27 48 
21! 
28 12 
28 2-1 
28 JC, 
28 48 
29 
29 12 
2Y 2-1 
29 Jc, 
2'i -18 
.101. 
30 12 
JO 2-1 
JO J (, 
30 48 
31 
31 12 
31 1-1 
31 36 
31 -1 8 

-1 
-1 
-I 
-1 
-I 
-1 
-1 
-1 
-1 
•I 
-1 
-1 
-1 
-1 
-1 
5 
5 
5 
5 
I 
5 
5 
5 
I 
5 
5 
I 
5 
5 
; 
> 
5 
5 
5 
5 
I 
I 
s 
5 
s 

24 
2t> 
28 
JO 
32 
J-1 
)l) 
JS 
40 
-12 
H 
-lb 
48 
50 
52 

2 
·I 
(, 
8 

JU 
12 
1-1 
lo 
18 
20 
22 
24 
20 
28 
JO 
J2 
J.I 
Jo 
38 
-10 
42 
4-1 
-16 
-IX 

32 
J2 12 
32 24 
32 Jo 
3 2 -IS 
3J 
33 12 
33 2-1 
33 Jo 
33 48 
34 
34 12 
34 2-1 
3 4 36 
34 -18 
35 
JS 12 
35 2-1 
35 JC, 
35 -18 
36 .. 
36 12 
36 2-1 
3(, JC, 
36 -1 8 
37 
37 12 
.17 2-1 
J7 JC, 
.17 -18 
.l ~ 
JS 12 
3i 2-1 
3.i J(J 
JR -1 8 
39 
3q 12 
3q 2-1 
39 l(, 
J I) -18 

5 
; 
6 
6 
0 
0 
0 
0 
0 
l) 

C, 
0 
0 
C, 
l) 

0 
C, 
6 
0 
6 
0 
0 
6 
6 
C, 
0 
6 
0 
C, 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 

50 
52 

2 
-1 
u 
8 

10 
12 
1-1 
l u 
I S 
20 
22 
24 
2o 
2 
JO 
32 
3-1 
36 
JS 
40 
-12 
·1-1 
46 
-I S 
50 
57. 

2 
-1 
0 
8 

JO 
12 
14 
16 
I S 
20 

-1 0 I i 
-10 12 7 
40 2-1 
40 Jo 
-10 -IS 
.JI 
-11 12 
41 24 
41 Jo 
41 48 
42 
-12 12 
-12 2-1 
42 Ju 
-12 48 

j~ i i 
·13 24 
43 ) () 
-13 48 

jj i i 
44 24 
4-1 )L, 
-14 -! ti 
45 
-15 12 
-15 2-1 
45 Jo 
-15 -18 
-II, 
-4 U I:! 
-I& 24 
-lb 36 
-IS -1 8 

~~ i 2 
-17 74 
-17 J(, 
-17 48 

7 
7 
i 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
s 
8 
15 
~ 
s 
8 
8 
s 
8 
s 
s 
8 
8 
15 
8 
s 
8 
8 
8 
8 
!l 
8 
8 
:; 

i3 11~ 
2o -IS 
J • -18 

, 2/ 
2-1 
)l) 
48 

8 
s 
s 
9 

48 
so 
52 

jo -IS 9 2 
32 -19 9 -1 
)-1 4'! 12 9 0 
3o 49 2➔ 9 S 
JS -19 l l> 9 10 
-IU -19 48 9 12 
42 So () 14 
-14 50 12 () 16 
-lo SU 24 IJ 18 
-1 50 J,, 9 20 
50 50 48 ,) 21 
52 51 9 24 

9 2" 

\) 

8 
10 
12 
1-1 
IC, 
18 
20 
22 
2-1 
21., 
18 
10 
12 
J-1 
JC, 
JR 
-10 
-12 
-1-1 
•ll· 

51 12 
51 24 ') 28 

" 30 
9 32 

5 1 Jo 
51 48 
52 
52 

9 1-1 . i 2 '1 Ju 
52 2-1 q JR 
52 Jc, '1 -IU 
52 48 q -12 
53 ,, -1 -1 
53 . j i 9 -I C• 
53 2-1 Cl ·Ill 
53 Jo () 10 
53 -IS " 52 
54 10 . . 
5-1 12 10 2 
54 24 IO -1 
5-1 Jt, IO o 
5-1 -18 10 8 
55 . . . 10 10 
55 12 10 12 
55 2-1 10 14 
55 J,, 10 I(, 
55 -IS I O 18 

56 10 20 
Su 12 10 22 
56 24 10 24 
5.6 Jo 10 2o 
Sb -IS IO 28 
57 10 JO 
57 12 10 31 
57 24 JU 34 
57 lo 10 Jo 
57 -18 10 J 
58 10 40 
5S 12 IO 42 
ss 24 10 -14 
5S Jo 10 -lo 
ss .,s 10 48 
59 . . . 10 ;u 
5g I 2 IO 5 2 
SlJ 24 11 
59 )(, I I 2 
59 -IS 11 -1 

NOTE. - \Vhcn index ing d rJ.trt·t·s nm.I frnctions o f n ck,trcc . Crnnks " I) .. .ind ·•o"' in nho n.· tables indicm c I in Ci~urc 42 a rc: N>th mo \·cd in the sn1111.· 
direction 

;j 
co r 
[Tl 
(/) 

0 
-:, 

> z 
C) 
C 
r 
► ;;;i 

0 
< 
iii 
0 z 
(/) 

....., 
C:) 



Lead of I I Spiral A 8 
in Inches 

2 500 27 45 
2. 507 22 39 
2.510 24 45 
2.513 19 36 
2 516 21 36 
2. 521 20 42 
2. 530 17 42 
2. 534 21 39 
2.540 20 42 
2. 546 22 36 
2. 552 22 :l!J 
2. 561 I!) 51 
2. 567 24 33 
2 574 21 48 
2.579 19 :rn 
2. 588 22 51 
2. 593 21 3G 
2. 598 24 39 
2. 608 21 30 
2. 614 20 51 
2 619 22 42 
2. 625 21 45 
2. 632 21 3!) 
2. 639 19 45 
2. 647 24 48 
2. 655 22 3!) 
2. 661 19 51 
2. 667 24 45 
2. 674 21 36 
2. 679 20 42 
2 689 24 42 
2 696 22 51 
2 707 20 36 
2. 715 20 3!) 
2.727 21 33 
2.735 24 39 
2. 745 24 :l6 
2 750 22 45 
2.764 19 55 
2.773 22 42 
2.778 20 45 
2.784 24 3!) 
2.794 22 ' 42 
2.801 20 I 42 
2.812 21 42 
2.820 22 I ;39 
2 824 24 51 
2. 831 21 51 
2 842 I!) 3G 
2 851 21 3!) 
2. 857 24 42 
2 866 I!) 3() 
2 876 22 51 
2 879 24 33 
2 885 20 3!) 
2. 896 24 '.10 
2 903 I (') 45 
2. 910 20 3G 
2. 917 21 45 

C INCINNATI IJI/\L TYPE ivtlLL. ING tvl!\ CHINES 
---========== tc 

TABLE OF LEADS cz. soo co 3.800) 

20 48 2 923 IG 39 27 45 3 385 
20 ·15 2 927 I() 51 33 42 3 389 
24 51 2 930 20 39 2,1 42 3 394 
20 42 2 941 24 51 30 48 3 399 
22 51 2 946 22 42 27 48 3.409 
27 51 2 956 21 30 19 45 3 415 
30 48 2 966 22 51 33 4 3 422 
24 51 2 976 20 4 30 42 3 429 
24 45 2.986 22 39 27 51 3 437 
20 48 2. 991 20 36 21 3!) 3 440 
19 42 2 995 21 33 24 51 3 451 
33 48 3 000 21 55 33 42 3. 457 
18 51 3 009 22 45 24 3() 3. 462 
30 51 3 017 20 51 30 39 3.472 
27 51 3 025 24 -12 27 51 3 480 
27 45 3. 029 21 39 27 48 3 486 
20 45 3 039 18 55 39 42 3 492 
19 45 3 048 24 42 24 45 3 500 
I!) 51 3 056 22 45 30 48 3 505 
30 45 3.068 27 33 18 48 3 516 
24 48 3 077 20 39 27 ·15 3.526 
27 48 3 081 22 51 30 42 3 535 
22 45 3.088 21 51 36 ,is 3 543 
30 48 3.096 22 30 19 45 3 556 
27 51 3 105 30 36 19 51 3 565 
24 51 3 111 24 3G 21 45 3 571 
30 42 3 117 24 33 18 42 3 580 
24 -18 3 125 21 42 30 48 3 590 
22 48 3 134 20 36 22 3() 3 595 
27 48 3 143 22 4.2 27 4.5 3 603 
24 51 3 152 19 51 33 :l!) 3 611 
30 48 3. 163 22 45 33 ,j I 3 620 
l!J 39 3 173 27 3!) 22 48 3 626 
27 51 3 182 24 :13 21 48 3 636 
18 •12 3. 189 l!J f>5 36 3!) 3 641 
20 45 3. 199 20 3:1 19 3U 3 650 
21 51 3.205 20 39 30 48 3 660 
27 48 3. 214 24 48 27 42 3. 667 :rn 45 3.223 22 3!) 24 42 3.676 
27 51 3.231 27 :3() 21 45 3 686 
30 48 3 239 27 33 19 48 3.692 
19 42 3.248 19 45 30 :l!J 3 697 
24 45 3 258 27 39 24 51 3. 702 
30 51 3 263 21 33 20 3!) 3 706 
27 48 3.268 30 36 20 !) I 3 714 
24 48 3. 274 22 48 :30 42 3 720 ?- 45 3 282 24 3!l 24 45 3 730 _, 
3~l 48 3 284 21 27 )!) 45 3 739 
21 I 30 3. 291 21 39 22 3G 3 743 
27 .'> I 3 297 20 39 27 42 3 750 
2-1 48 3 309 27 48 30 51 3 753 
:10 51 3 318 22 51 :!o 39 3 761 
:30 -15 3.329 17 55 42 :iu 3 765 
I!) 48 3 333 21 42 30 45 3. 770 
27 48 3.3~6 21 51 39 '18 3.775 
2-1 51 3.353 27 :l() 19 51 3 782 
33 48 3.361 22 45 3:J 48 3 788 
22 42 3.369 27 33 21 ,51 3 792 
:io 48 3.377 20 55 39 42 3.800 

"===11001 

22 39 
22 42 
21 33 
3() 45 
27 :13 
33 36 
2-1 33 
2-1 42 
'27 36 
22 27 
24 30 
21 27 
27 3!) 
30 36 
30 :rn 
2-1 27 
30 42 
36 45 
39 48 
24 39 
30 30 
21 33 
24 33 
2-1 36 
30 33 
30 ,12 
27 33 
42 39 
:m 36 
21 48 
3!) 36 
:rn 3!) 
27 39 
2,1 33 
3!) 42 
33 39 
24 27 
24 30 
39 42 
22 27 
27 30 
33 42 
33 30 
27 30 
3!) 42 
ID 55 
2-1 33 
22 51 
30 33 
IS 45 
24 27 
:30 39 
2-1 30 
30 36 
33 36 
30 42 
30 33 
:J9 45 
27 30 

27 
33 
24 
20 
20 
19 
2-1 
27 
22 
IG 
22 
20 
24 
20 
IG 
20 
22 
21 
22 
24 
22 
20 
ID 
24 
20 
24 
21 
17 
22 
42 
17 
24 
22 
24 
20 
22 
21 
22 
19 
]!) 

24 
24 
21 
21 
18 
42 
20 
39 
21 
.. 
19 
22 
24 
19 
21 
27 
20 
21 
19 

45 
51 
45 
51 
-18 
51 
51 
45 
,1g 
45 
51 
45 
48 
48 
42 
51 
45 
48 
51 
,12 
,13 
36 
30 
-15 
51 
48 
,13 
51 
51 
51 
51 
51 
42 
,1s 
51 
51 
51 
48 
48 
42 
45 
51 
4 
51 

8 

5 
9 
9 
5 

4 
3 
3 
4 
51 
4 
4 
4 
5 
4 
5 

8 
5 
5 
l 
2 
I 
1 
8 
8 
5 

5 
4 
4 
4 



TABLE OF LEADS. ST,\ ND:\RD DRIVING MECHANISM 
= ========== ==== === J· 

TABLE OF LEADS (J.s10 to 5.025> 

3 810 30 42 24 ,15 4. 202 I 45 42 20 51 4. 606 36 33 I!) 45 
3 818 27 33 21 45 4.215 17 55 45 33 4.615 18 42 .. 3!) 
3 824 30 42 21 51 4.222 1!l 42 . . 45 4. 622 33 42 30 51 
3.828 33 30 HJ 42 4. 231 33 39 24 48 4.628 20 55 42 33 
3 834 24 27 22 51 4. 235 27 30 24 51 4.635 39 33 20 51 
3.838 30 3:.l l!l 45 4 242 30 33 21 45 4. 643 3!) 42 24 48 
3. 843 21 51 42 45 4 248 39 36 20 51 4. 646 42 3!) 22 51 
3. 850 27 33 24 51 4. 256 30 42 22 48 4.656 24 27 22 42 
3 860 2 1 51 45 48 4. 263 42 39 19 48 4. 662 30 33 20 39 
3 869 3!l 42 20 48 4. 267 24 30 24 45 4.667 21 3!) .. 45 
3.878 33 3!J I 22 48 4. 274 30 36 20 39 4. 673 3!l 36 22 51 
3.882 27 30 22 51 4. 278 33 36 21 45 4. 678 39 33 l!l 48 
3. 889 30 3G 21 45 4 286 IS 45 . . 42 4. 687 30 36 27 48 
3. 897 3G 3!) I !l 45 4 293 30 33 17 36 4. 691 30 27 l!l 45 
3. 911 24 ~(I 22 45 4. 299 45 39 19 51 4. 701 30 36 22 39 
3. 916 211 33 21 39 4. 308 36 39 21 45 4. 706 24 36 . . 51 
3 922 20 ,1s 51 4. 314 22 45 51 4. 711 l !) 55 45 33 
3 929 3:l 42 24 48 4. 318 36 33 I!) 48 4.714 33 42 27 45 
3.937 27 3U 21 48 4 327 30 39 27 48 4.722 17 42 36 
3.949 33 3!) 21 45 4.333 39 45 24 48 4.727 3!) 3:l 18 45 
3 954 33 36 22 51 4 344 36 39 24 51 4 740 3!l 3G 21 48 
3.958 JO 45 48 4. 354 33 30 19 48 4. 745 33 30 22 51 
3 963 30 3;3 17 3!J 4. 364 27 33 24 45 4. 751 21 51 45 39 
3 968 30 3G 20 42 4 370 24 42 3!) 51 4.762 20 3!! .. 42 
3 972 3!) 45 22 48 4. 375 21 45 .. 48 4.773 3ti 33 21 48 
3.977 30 33 21 48 4.387 22 27 21 39 4.777 17 55 51 33 
3.982 33 3!) 24 51 4.392 24 45 42 51 4.786 42 3!) 21) 45 
3 986 27 33 l!l 39 4. 396 30 39 24 42 4.793 30 27 22 51 
3 992 45 42 J!) 51 4. 400 27 30 22 45 4.800 27 30 24 45 
4.000 27 36 24 45 4 406 27 33 21 39 4.807 l!l 48 51 42 
4.006 39 42 22 51 4. 412 30 36 27 51 4.813 30 3:l 27 51 
4 011 33 36 21 48 4. 420 33 42 27 48 4.821 3G 42 27 48 
4.018 30 42 27 48 4.429 30 33 19 39 4.827 48 39 20 51 
4.021 24 27 19 42 4. 434 42 39 21 51 4.835 33 39 24 42 
4 029 30 39 22 42 4. 444 20 42 45 4.843 39 30 l!l 51 
4.034 36 42 24 51 4.453 27 24 19 48 4.848 30 33 2-1 45 
4 040 30 33 20 45 4. 461 39 36 21 51 4.853 33 36 27 51 
4 048 17 39 . . 42 4. 466 33 36 1!l 39 4.858 27 22 I!} 48 
4.060 30 36 19 3!) 4. 471 3G 30 19 51 4.866 3!) 33 21 51 
4.064 3G 33 19 51 4. 476 24 33 24 39 4.875 3!) 30 18 48 
4.072 30 3!) 27 51 4. 480 33 39 27 51 4.887 36 3!) 27 51 
4.078 24 45 39 51 4. 486 19 48 51 45 4.895 30 33 21 39 
4.083 2 L 48 42 45 4. 492 36 33 21 51 4.902 45 36 20 51 
4. 091 27 33 21 42 4. 500 27 30 24 48 4. 911 33 42 30 48 
4 098 33 30 l!l 51 4.508 42 33 17 48 4.916 27 42 3!) 51 
4.103 30 39 24 45 4 514 3!) 36 20 48 4.922 27 2-1 21 48 
4 11 3 30 33 1 !) 42 4.524 1 !) 45 . . 42 4.926 42 36 l!l 45 
4.118 21 48 .. 51 4.529 33 30 21 51 4.935 36 33 1 !) 42 
4 125 33 45 27 48 4.533 36 30 17 45 4. 941 36 30 21 51 
4.136 21 55 39 36 4.540 39 42 22 45 4.945 30 39 27 42 
4.147 33 36 19 42 4.547 42 39 19 45 4.948 45 36 19 48 
4. 156 24 33 24 42 4.553 33 27 19 51 4.952 39 42 24 45 
4.160 33 42 27 51 4.558 24 27 20 39 4.959 20 55 45 33 
4.167 20 39 . . 48 4.567 45 3!) 19 48 4.967 48 36 19 51 
4. 171 39 33 18 51 4. 571 36 42 24 45 4.977 33 39 30 51 
4. 176 36 39 19 42 4.575 42 36 20 51 4.990 39 33 19 45 
4.183 20 51 48 45 4.583 22 39 48 5.000 24 36 .. 48 
4. 190 33 42 24 45 4.588 39 30 18 51 5.014 24 27 22 39 
4 .196 27 33 20 39 4.602 27 22 18 48 5.025 19 55 48 33 

=== =========f 101 ]=========== 
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.. 
INCINNAT I DIAL TYPE tv! ILLING 1Vlf\ CI-IINES 

======== ==========-¾..:~ 

TABLE OF LEADS <s.033 to 6.29 1) 

5 033 42 36 22 51 5.440 33 3Q 27 42 5 882 30 36 .. 51 
5 038 42 33 19 48 5 444 42 :lG 21 45 5 887 48 33 Li 42 
5 042 33 30 22 4S 5 455 36 :n 2~ ,1s 5 893 33 36 27 ,12 
5 048 45 30 21 48 5 469 4i'i 3(i 21 48 5 903 5;j 33 17 ,_1 
5 056 39 3G 21 45 5. 481 27 2-1 J!) 3!) 5 911 42 30 I!) ,1.5 
5 065 39 33 IS 42 5 489 :3n 30 10 45 5. 921 30 HJ I •JS 
5 068 21 51 48 3!) 5. 495 45 3Q 211 42 5.926 24 27 2-1 3G 
5077 33 3!) 27 45 5 500 3:1 3G 27 ·15 5 934 36 3!) 27 -12 
5 080 45 3:l 19 51 5.510 27 21 IS 42 5 939 42 33 ~I 45 
5 085 42 36 17 3!) 5 515 3!) :n 21 45 5 948 3!) 27 21 51 
5 091 36 33 21 45 5 527 ]fl 55 4 :io 5 95'1 33 27 I!) 39 
5.098 3!) 3G 24 51 5 538 36 3fl 27 45 5 961 4 30 19 5 1 
5.104 42 36 21 ,13 5 546 33 21 IS 51 5.966 45 33 21 ,1 
5.114 30 33 27 48 5 552 27 22 lfl ,12 5 975 33 27 22 45 
5 123 33 24 J!) 51 5 556 20 :rn :i(i 5 983 ,12 3G :w ;3!) 
5.128 20 42 . . 30 5 561 39 3:~ 24 :i I 5 989 42 33 2-1 ;j J 
5.135 20 51 55 42 5 568 42 33 21 48 5.994 51 3!) 22 4 
5. 143 3G 42 27 45 5 573 30 J!) I, .5 1 6.000 27 39 -1:3 
5.147 45 36 21 51 5 581 3!) 33 17 36 6 010 42 33 I 7 31i 
5. 152 17 45 . . 33 5 587 22 45 4 42 6 019 3!1 27 20 -IS 
5 156 33 36 27 48 5. 594 30 33 24 '.l!l 6. 027 27 42 ,1.5 ,1s 
5 160 33 27 19 45 5 600 36 :10 21 45 6 032 ,Jg 3G I!) ,1'.t 
5. 170 3!) 33 21 48 5 608 39 30 22 51 6.039 42 30 22 :5 I 
5 176 51 39 ]!) 48 5 615 45 33 21 51 6.044 33 39 :30 -12 
5. 185 42 36 20 45 5 625 27 36 48 6 050 36 21 IS ,51 
5 192 36 39 27 48 5. 630 48 3G ]!) 11.'i 6 054 39 24 I!) ,; I 
5. 195 30 33 24 42 5 641 22 42 :3!) 6 058 27 2-1 21 39 
5. 200 39 30 18 4.'j 5 647 3G ~rn 2-1 51 6 061 20 42 33 
5. 208 45 3G 20 48 5 657 42 3:3 20 4;j 6 067 39 30 21 4,5 
5. 216 42 30 ]!) 51 5 664 39 27 2U 51 6 071 45 30 17 42 
5 223 27 48 3!) 42 5 675 3!) 3G 22 ,12 6.090 45 36 l!l 3fl 
5 229 48 :iG 20 51 5 682 45 33 2IJ 48 6 095 24 45 48 42 
5.238 22 45 42 5 687 3!) 30 21 48 6. 100 42 27 2() 51 
5. 241 42 33 21 51 5 692 55 :rn lfl ,'i i 6 107 27 21) J!) 42 
5. 250 27 30 21 3li 5 698 30 27 2U :ii, 6 111 22 42 . . 36 
5 255 17 5,5 51 311 5 704 42 31.i 22 1 45 6 118 3!) 30 24 51 
5 260 27 22 IS 42 5 714 24 3!l ·12 6 125 42 30 21 48 
5 265 42 39 22 45 5 718 3!l 27 I !l ,JS 6 130 3:1 l!l 18 '> I 
5 272 33 27 22 ,51 5 727 27 22 21 -1.") 6 136 3G 33 27 4R 
5 278 ]!) 42 .. '.lG 5 735 :3n 24 IS ' 51 6 141 4S 33 ]!) ,15 
5 288 33 39 30 48 5 744 42 3!1 2-1 I 4:i 6 154 24 42 :1i1 
5 294 27 36 51 5 752 3:1 27 2-1 31 6 162 :33 21 20 .'i i 
5 303 42 3J 20 4 5 758 19 42 :n 6 169 45 3'.I l!l 42 
5 312 51 :16 IS 48 5 762 :33 31) 22 42 6 176 36 24 21 .=, 1 
5. 322 30 21 HJ 51 5 769 3G 3!) :111 48 6. 182 51 33 18 45 
5. 333 24 :{9 .. -15 5 775 3G :3:3 27 51 6. 190 3!) 3G 2-1 42 
5 339 ]!) 5,=, 51 33 5 782 30 21 17 42 6 198 51 3G 21 48 
5 347 42 :3G 22 48 5 789 33 ]!) 17 51 6.205 33 30 22 39 
5 353 3!) 30 21 ;j l 5 795 51 :1:1 JS 48 6.209 45 27 I !J 51 
5 359 :13 30 I ~I I :/!) 5 804 30 42 3!) 48 6.222 42 3G 24 4.'i 
5 369 27 22 I 21 4 · 5 807 21 51 55 39 6 231 3!) 27 22 51 
5 378 ? •J 

, },) :iu 22 4.'j 5.816 27 21 19 42 6 237 39 33 HJ 36 
5 385 21 -12 :m 5.820 30 27 22 42 6. 250 30 36 48 
5 392 4:i :1G I 22 1 :j j 5 824 33 30 27 51 6. 257 39 33 27 51 
5 398 45 :n ID 18 5.833 21 3!) .. 36 6. 268 30 2·, 22 39 
5 413 :10 27 I l!J :;fJ 5.844 :10 33 27 42 6 .275 48 33 22 51 
5 419 

p 6 
33 ]!) 51 5.854 33 21 ]!) 51 6. 282 42 36 21 39 

5 429 :m j 1~1 1-12 5.864 30 27 ]!) 36 6. 286 33 21 18 45 
5 432 30 27 22 45 5.874 36 33 21 3!) 6. 291 21 51 55 36 

-= r 102 J -=--=- -=-==- = =--====== 



6 296 
6 303 
6 316 
6 319 
6 333 
6 340 
6 346 
6. 349 
6 353 
6 356 
6 364 
6 375 
6 387 
6 393 
6 400 
6 405 
6 410 
6 417 
6 420 
6 429 
6 439 
6 447 
6 451 
6 462 
6 465 
6 471 
6 477 
6 481 
6 490 
6 494 
6 500 
6 513 
6 519 
6 525 
6 531 
6 536 
6.545 
6 555 
6 563 
6 568 
6 577 
6 581 
6 588 
6.593 
6 600 
6 608 
6 611 
6 618 
6 623 
6 632 
6 635 
6 643 
6 648 
6 667 
6 679 
6.684 
6 687 
6 691 
6. 696 

A 

B 

D 

r. T/\BLE 0 1-: LE,\DS, ST,\ ND,\ RD DRIVING MECi-11\ N ISi'vl 
=====-----=========== = }· 

TABLE OF LEADS (6.296 to 7.483) 

17 45 . . 27 6 699 33 24 l!) 3!) 7. 059 45 30 24 51 
3!) 33 24 45 6 710 42 27 22 51 7.062 3!) 27 22 45 
36 19 17 51 6 713 36 33 24 39 7 071 33 30 ?- 44 _, 
39 27 21 48 6 717 42 33 19 36 7. 083 17 45 22 
19 ,12 30 6 722 33 24 22 45 7.086 48 33 19 3!) 
48 33 17 3!) 6 729 51 30 19 48 7.091 3!) 33 27 45 
33 36 27 3!) 6 734 30 27 20 33 7. 105 36 19 18 48 
48 36 20 42 6 738 42 33 27 51 7.112 42 22 HJ 51 
36 30 27 51 6 741 39 27 21 ·15 7.125 36 20 1!l 4S 
3!) 30 22 45 6 746 55 33 17 42 7 130 42 27 22 48 
21 •12 33 6 750 36 30 27 48 7.136 51 27 17 45 
51 30 18 48 6 756 48 30 I!) 45 7 143 30 39 .. 42 
3G 21 19 51 6 761 51 33 21 48 7 152 33 J!) 21 51 
22 45 51 39 6 769 33 30 2-1 3!1 7 159 42 33 27 ·18 
36 30 24 45 6 774 GO 33 l!I 51 7 175 39 22 17 42 
42 27 21 51 6 779 33 21 22 51 7 179 42 36 24 3!1 
45 36 20 3!) 6 786 45 30 (!) -12 7 190 33 27 30 51 
36 33 30 51 6 790 30 27 22 '.JG 7.200 36 30 27 4[ 
39 27 20 45 6 797 3!) 27 24 51 7 206 42 24 21 51 
27 39 42 6 806 42 27 21 4S 7 212 51 33 21 45 
45 33 17 3'3 6 810 3!1 30 22 ·12 7.222 3!) 27 24 48 
22 42 48 39 6 818 3G 3~ :io -t 7. 232 33 17 19 51 .) 

33 27 I!) 3G 6 821 42 30 Ji) 3fl 7 240 30 39 48 51 
42 3!1 27 45 6 830 55 30 19 :i I 7 245 39 19 18 ,51 
48 33 20 45 6 838 48 3G 20 '.lfl 7 253 3G 39 33 42 
33 3G 51 6 845 24 51 -IS 3:3 7 259 42 27 21 45 
36 22 19 48 6.853 •l2 :l3 21 3!1 7.265 45 27 17 39 
42 27 20 48 6 857 3G 30 24 42 7 273 2,1 42 . . 33 
27 30 45 48 6 863 45 27 21 51 7 279 33 24 27 51 
45 33 20 42 6 869 4S 33 17 :!G 7 283 30 21 20 51 
3!1 30 24 48 6 875 :n 31) ·1 7 286 51 30 IS ·12 
33 l!l 18 48 6 878 39 27 20 42 7 292 45 27 21 48 
33 27 24 45 6 882 :1!1 30 27 51 7 299 39 22 21 51 
51 33 I !l 45 6 894 30 33 21 3G 7 308 45 30 19 39 
33 20 19 48 6 902 48 30 22 51 7. 313 39 20 18 41' 
45 27 20 51 6. 908 30 19 21 4S 7.320 42 27 24 51 
36 33 27 45 6. 914 42 27 20 45 7 326 30 21 20 39 
39 21 18 51 6 919 39 21 19 51 7 333 33 3G 45 
36 24 21 48 6 923 27 42 3fl 7 341 19 55 51 24 
42 27 (fl 45 6 926 4S 33 20 42 7.347 r 21 2-1 ·12 _, 
39 21 17 48 6 933 3fl 30 24 45 7.353 45 2-t 211 :ii 
42 36 22 :l9 6 939 3G 21 17 42 7 368 30 HJ 21 45 
42 30 24 51 6 944 45 27 20 48 7.385 36 30 2-t :in 
45 3!) 24 42 6 947 33 19 IS 45 7. 389 42 24 19 45 
33 :rn 27 45 6 952 3!J 33 30 51 7. 395 33 21 2,t ;',! 

27 22 21 39 6. 955 18 55 51 2-t 7.403 36 22 rn 42 
42 24 17 45 6. 960 30 21 19 39 7.407 20 45 ')-_, 
30 24 27 51 6. 964 3!1 3G 27 42 7.412 42 30 27 51 
51 33 IS 42 6.968 33 39 42 51 7 418 45 39 27 ·12 
27 19 21 45 6.972 48 27 20 51 7.424 42 33 21 3G 
33 21 19 45 6.984 4S 36 22 42 7 429 39 30 2-t -12 
45 33 19 39 6.993 <!5 33 20 39 7.438 51 30 21 1 48 
39 33 27 48 7.000 21 42 30 7.444 33 19 18 42 
30 36 .. 45 7.010 39 24 22 51 7. 451 42 21 19 51 
33 20 17 42 7.013 36 33 27 42 7.459 48 33 20 39 
55 36 21 48 7.018 30 19 20 45 7. 464 33 20 19 42 
36 l !) 18 51 7. 030 33 19 17 42 7.469 33 ')- 22 36 _, 
39 24 21 51 7.037 19 45 .. 27 7.474 36 17 18 51 
30 42 45 48 7.051 30 24 22 39 7.483 30 21 22 42 



I 

CINCINNAT I D IAL T YPE MILLING MA HINES 
= = ================ 1· 

TABLE OF LEADS (7.487 to 8 .766> 

Lead of I I Spiral A B 
in Inches I I II Lead of I I I I II Lend of I C D . Spirnl A B C D . Spiral 

in Inches in Inches 

7.487 42 33 30 51 7.889 36 17 19 51 8.319 33 21 27 51 
7.492 33 19 22 51 7.897 42 30 22 39 8.322 51 33 21 39 
7.500 36 33 .. 48 7 901 48 27 20 45 8.333 30 39 36 
7.506 48 27 19 45 7.908 33 18 22 51 8.342 39 22 24 51 
7.517 39 21 17 42 7.912 48 39 27 42 8.352 42 22 21 48 
7. 521 48 36 22 39 7.917 19 42 24 8.357 3!) 30 27 42 
7. 529 51 33 19 39 7.933 51 30 21 45 8.366 48 27 24 51 
7 538 42 30 21 39 7.944 39 36 33 45 8.374 33 17 22 51 
7.549 42 24 22 51 7.955 42 33 30 48 8. 381 48 30 22 42 
7.552 36 33 27 39 7.964 33 39 48 51 8.388 55 27 21 51 
7.557 42 22 19 48 7.972 36 22 19 39 8.392 36 33 30 39 
7 563 33 20 22 48 7.977 4.2 27 20 39 8. 400 42 30 27 45 
7.566 39 27 22 42 7.983 45 21 19 51 8. 403 45 21 20 51 
7.571 33 19 17 39 7.988 55 27 20 51 8.412 3!) 30 33 51 
7.576 60 33 20 48 7.993 33 17 21 51 8.422 45 22 21 51 
7. 583 39 30 21 36 8. 000 36 33 45 8 426 3!l 27 21 36 
7.589 55 27 19 51 8. 011 39 21 22 51 8. 438 36 24 27 48 
7.597 39 33 27 42 8.016 33 19 18 39 8.444 48 24 I!) 45 
7. 600 36 20 19 45 8.021 42 24 22 48 8. 452 39 I!) 21 51 
7.605 42 27 22 45 8.028 51 24 17 45 8. 462 33 36 39 
7 612 33 17 20 51 8.036 45 36 27 42 8. 471 3G 17 18 45 
7. 615 33 30 27 3n 8.042 48 27 19 42 8. 482 ,15 24 19 42 
7 619 48 30 20 42 8.050 3!) 19 20 51 8. 488 55 27 20 48 
7 623 39 27 l!) 36 8.059 30 21 22 3!) 8 493 33 17 21 48 
7. 628 42 24 17 39 8.063 55 27 19 48 8. 497 3!) 27 31) 51 
7. 636 36 22 21 45 8.067 36 21 24 51 8.502 30 19 21 39 
7.639 33 27 30 48 8.072 39 JS 19 51 8.512 39 24 22 42 
7. 646 51 27 17 42 8 077 45 30 21 39 8. 51 5 4 21 19 51 • 7.656 42 24 21 48 8. 081 60 33 20 45 8.523 45 22 20 48 
7. 669 48 27 22 51 8.088 33 24 30 51 8. 531 39 20 21 48 
7.677 36 27 19 33 8.095 17 45 21 8.538 5,5 24 I!) 51 
7.684 33 17 19 48 8.105 33 19 21 45 8.545 51 27 I !l 42 
7.692 30 36 . . 39 8. 114 21 55 51 24 8.553 39 19 20 48 
7.697 39 19 18 48 8.120 55 33 19 39 8.556 42 30 22 36 
7.700 33 20 21 45 8.128 48 22 19 51 8. 571 36 33 .. 42 
7.704 39 27 24 45 8.143 36 20 19 42 8.576 39 24 19 36 
7.71 4 36 30 27 42 8.148 22 42 27 8.594 33 24 30 48 
7. 721 45 24 21 51 8.157 51 33 19 36 8 603 39 24 27 51 
7.727 17 45 22 8. 163 30 21 24 42 8.615 42 30 24 39 
7.734 33 24 27 48 8.167 42 24 21 45 8.627 42 21 22 51 
7.738 39 36 30 42 8.173 45 24 17 39 8.636 19 45 22 
7. 741 5:i 30 19 45 8.182 27 39 . . 33 8.643 33 20 22 42 
7.749 ·1 27 17 39 8 196 33 17 19 45 8.654 45 36 27 39 
7.758 4, 33 24 45 8.205 48 36 24 39 8. 661 48 27 19 39 
7. 765 3G 30 33 51 8. 211 39 19 18 45 8.667 39 33 .. 45 
7. 778 21 42 27 8.231 33 21 22 42 8.673 45 21 17 42 
7.792 51 30 22 4 8 235 48 24 21 51 8.684 33 19 24 48 
7. 800 3!) 3() 27 45 8.242 SL 33 24 45 8.693 51 22 18 48 
7,813 I 45 24 2() 4 8.250 33 20 24 48 8.708 33 20 19 36 
7.822 48 30 22 45 8.254 39 27 24 42 8.715 60 27 20 51 
7.829 42 19 17 4 8. 259 36 19 17 39 8.720 36 17 21 51 
7.832 42 ;J3 24 3!) 8 264 51 27 21 48 8.727 36 30 24 33 
7.841 39 21. 19 4.'j 8 273 39 30 21 33 8.730 33 27 30 42 
7. 846 51 :io 18 3fJ 8.282 51 30 19 39 8.739 3!) 21 24 51 
7.857 33 :10 4.2 8.289 3G 19 21 48 8.745 27 19 24 39 
7. 861 ·12 22 21 51 8.296 42 27 24 45 8.750 21 45 24 
7,870 45 27 17 30 8.305 3G 17 20 51 8.754 39 27 20 33 
7. 875 42 30 27 48 8.308 I 36 30 27 3!) 8.758 51 22 17 45 
7.879 3!) 33 30 4,5 8,312 48 33 24 42 8.766 45 33 27 42 

-==========~-[ 104 l============ 



r ,\BLE OF LE ADS, STANDAR D DR IVING 1v!ECHA IJSM 
= = = = = = = === ====== = = = = J ) 

T A BLE O F LEADS (8.7&9 to 10.094> 

Lead of I I Spi ral A B 
1n 1 nchcs 

8 769 36 20 1!) ;~9 9.184 30 21 27 42 9.630 39 ? - 24 36 _ / 
8 775 42 27 22 3!) 9. 192 39 27 21 33 9 636 42 I!) 17 39 
8 782 33 17 19 -12 9 202 51 27 19 39 9. 643 36 24 27 42 
8.787 55 27 22 51 9 205 36 22 27 48 9 651 48 21 l!) 45 
8 791 30 21 2 1 :39 9. 211 42 19 20 48 9 659 3!) I!) 24 51 
8.796 GO 27 1!) ·18 9 215 55 27 19 42 9 670 33 21 2-1 39 
8 800 33 20 2-1 -15 9 231 36 33 . . 39 9 676 55 24 I!) 45 
8 811 -12 :n 27 :!!) 9 236 4.2 24 19 36 9 686 39 17 I!) 45 
8 81 5 51 27 21 -I .'i 9.244 45 21 22 51 9 692 42 30 27 39 
8 821 3!l 20 l!J -12 9 253 45 I 22 I 19 42 9 700 55 ?- 20 42 - 1 
8 827 3!) 27 22 :36 9. 259 60 27 20 4S 9 706 36 24 33 51 
8 831 -18 22 17 ·12 9. ?.73 51 33 27 45 9 71 4 51 21 18 45 
8 839 :n 2-1 27 -12 9 ?.OI 33 20 27 48 9 722 4.~ 27 21 36 
8.844 :!!) 21 20 -12 9. :188 45 I!) 20 51 9 728 39 21 22 42 
8.854 55 22 17 ·I 9 297 51 2·1 21 48 9 740 45 33 30 42 
8.864 3!) 33 3(\ -18 9 301 42 22 19 39 9.744 4S 24 19 3!) 
8 867 -12 20 Hl -15 9.308 33 20 22 39 9 750 39 30 ,:,-

- 1 36 
8 882 ·15 19 18 -18 fl .314 60 24 19 51 9 757 55 21 HJ 51 
8 889 2-1 -12 27 9 3:13 42 30 24 36 9 770 33 19 r - 1 48 
8 897 33 17 22 -18 9. 3<11 45 21 17 39 9 778 55 30 24 45 
8 905 51 30 22 •12 9.346 39 27 33 51 9 788 51 30 l!l 33 
8 909 -12 22 21 -15 9 351 48 33 27 42 9 796 3r, 21 24 42 
8 916 36 19 2-1 51 9 356 3!) 24 19 33 9 800 42 20 21 45 
8 922 :l!) 18 21 :, 1 9 375 36 2-1 30 48 9 808 51 24 18 3!l 
8 929 .If, 2-1 20 -12 9 385 39 22 ? -d 51 9 818 3u 20 18 33 
8 932 55 30 1!) 39 9 402 33 27 30 39 9 825 42 19 20 45 
8 938 3!l 20 22 -18 9.408 39 19 22 48 9.832 3!l 21 27 51 
8 941 36 17 19 -15 9 412 42 21 2-1 51 9 844 42 24 27 -18 
8.947 17 45 19 9 421 36 22 19 33 9.852 42 18 l!l 45 
8 951 -18 33 2-1 39 9 429 33 21 27 45 9.860 48 21 22 51 
8 956 -1 2 27 19 33 9.436 55 24 21 51 9.868 45 I !l 20 48 
8. 964 -18 21 20 51 9 441 45 33 27 3!l 9.872 55 :io 21 39 
8.972 51 2-1 19 ,15 9.446 39 17 21 51 9 877 48 27 20 36 
8.980 :l!) J!) 21 ·18 9 455 3!l 30 24 33 9.882 36 17 21 45 
8 990 :!3 39 51 -18 9 474 18 45 . . l!l 9 886 55 2-1 22 51 
9 000 27 ,12 30 9 481 48 27 24 45 9.890 30 21 27 3!l 
9 015 -12 22 17 3fi 9 490 33 17 22 45 9.894 51 ? -~I 22 42 
9 023 :io l!) 2-1 -12 9.500 l!l 45 20 9.900 33 20 27 45 
9 031 51 20 17 ,is 9.506 55 27 21 45 9.907 48 l!l 20 51 
9 048 l!l 45 21 9 510 51 33 24 39 9.91 7 30 22 24 33 
9 053 5.') 27 20 -15 9.519 33 24 ?-- 1 39 9.926 45 2-1 27 51 
9 059 -12 30 :!3 51 9 524 2U 45 . . 21 9.931 3!l 24 22 36 
9 066 27 42 55 39 9 533 3!l 20 22 45 9 935 51 :!3 ?-

-1 42 
9 071 r,:, 24 19 48 9 536 42 l!l 22 51 9.955 33 17 20 39 
9 076 36 21 27 51 9 545 21 45 .. 22 9 959 55 27 22 45 
9 081 39 17 19 48 9. 549 55 24 20 48 9 965 36 17 24 51 
9. 091 30 36 3:l 9.559 39 24 30 51 9 969 51 ? -

-1 I 9 36 
9 098 33 19 22 42 9 563 51 20 18 48 9. 972 3!l 22 27 -16 
9 102 42 19 21 51 9.573 42 27 24 39 9 989 55 2-1 17 :l!l 
9 107 51 36 27 42 9.579 39 19 21 45 10. 000 2-1 -1:, 2-1 
9 117 48 27 20 39 9.586 45 l!l 17 -12 10 026 55 ~-I 21 -IS 
9. 123 3!) 19 20 45 9.590 51 30 22 3!) 10. 031 36 19 ? - 51 - 1 
9. 135 45 24 19 39 9.596 45 27 19 33 10.037 39 17 21 -Ii: 
9. 141 39 24 27 48 9.600 48 30 27 45 10 05:? 60 27 19 -12 
9. 148 39 18 19 45 9. 603 55 30 22 42 10. 065 42 r 33 51 _, 
9. 150 42 27 30 51 9. 608 42 18 21 51 10 070 36 22 24 :l!l 
9. 154 51 30 21 39 9. 61 3 51 24 ] !) 42 10.076 42 22 l!l 31; 
9. 167 33 39 . . 36 9 619 55 27 I ' 7 36 10 084 45 21 24 51 
9. 176 3!) 30 36 51 9. 625 42 20 22 4S 10.094 51 20 J!) 4$ 

====-====== = = =[ IOS J======= === = 
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JJ 

10 096 
10.102 
10. 107 
10.119 
10.125 
10.133 
10 142 
10. 150 
10 156 
10.160 
10.16B 
10.173 
10.185 
10.200 
10 20B 
10.217 
10.22, 
10.236 
10. 252 
10. 263 
10. 271 
10. 2B0 
10.286 
10. 294 
10. 303 
10.313 
10.324 
10.340 
10 353 
10.362 
10. 370 
10 37B 
10. 385 
10.390 
10. 400 
10. 408 
10.413 
10.421 
10. 431 
10 440 
10 446 
10 452 
10. 462 
10 476 
10. 490 
10 500 
10. 505 
10 515 
10.519 
10. 526 
10.547 
10.556 
10 577 
10.5B2 
10. 588 
10.593 
10. 601 
10. 607 
10.614 

A 

B 

45 
33 
42 
55 
36 
4S 
51 
30 
39 
60 
33 
42 
55 
51 
42 
45 
36 
48 
55 
3!) 
55 
42 
4S 
55 
51 
45 
45 
48 
51 
45 
42 
3!) 
45 
48 
39 
51 
36 
33 
42 
45 
,55 
33 
48 
22 
45 
21 
39 
3!l 
3G 
20 
45 
l!l 
33 
60 
18 
:l!) 
,55 
33 
33 

C l1 C IN NAT I D IAL TYPE M ILLING 1VIL\ CH INES 
==== = =========== =======Jc) 

TABLE OF LEADS 00.096 to 11.692) 

24 21 39 10.625 51 24 18 36 11 . 156 51 20 21 48 
21 2i 42 10 636 39 22 2i 45 11 . 165 55 24 19 39 
22 27 51 10. 644 60 21 19 51 11 . 172 39 24 33 48 
22 Ii 42 10.655 51 2i 22 39 11 . 176 ]!) 45 . . 17 
20 27 48 10.658 36 19 27 48 11 184 45 19 17 36 
20 19 45 10.670 55 2i 22 42 11 . 189 48 33 30 39 
22 21 48 10.688 33 19 24 39 11 . 200 42 30 36 45 
19 2i 42 10. 694 42 27 33 48 11 . 204 55 24 22 45 
24 30 48 10 699 51 22 IS 39 11 . 211 36 17 27 51 
22 l!l 51 10 706 42 30 39 51 11 . 216 3!l 17 22 45 
17 22 42 10. 714 33 22 30 42 11 224 45 21 22 42 
17 21 51 10.739 42 22 27 4S 11 . 230 42 22 30 51 
2i 24 48 10.744 39 22 20 33 11 .250 2i 42 .. 24 
30 2i 45 10.751 55 27 19 36 11 . 259 4S 18 19 45 
24 21 36 10.756 48 21 24 51 11 278 45 19 20 42 
19 22 51 10.769 42 33 . . 39 11 2B2 55 30 2-1 39 
22 30 48 10.774 48 27 20 33 11 .294 51 22 l !l 3!) 
27 19 33 10.784 45 27 33 51 11 298 55 21 22 51 
19 17 48 10 794 51 27 24 42 11 308 42 20 21 39 
19 24 48 10 BOO 36 20 27 45 11 .313 42 2i 24 33 
21 20 51 10.809 42 17 21 48 11 . 317 55 27 20 36 
22 21 3!) 10 818 51 22 21 45 11 . 324 42 24 33 51 
30 27 42 10 822 55 18 17 48 11 329 36 22 2i 39 
22 21 51 10.827 36 19 24 42 11. 336 42 19 20 3!l 
33 24 36 10.833 39 33 36 11 . 345 45 21 27 51 
30 33 48 10. B55 45 l!l 22 48 11. 352 55 19 20 51 
19 17 3!l 10.860 30 17 24 39 11 .364 45 33 30 36 
21 19 42 10. B67 39 19 27 51 11. 368 36 I 9 27 45 
24 19 3!) 10. B75 51 27 I 9 33 11. 375 42 30 3!l 48 
19 21 48 10 8B4 48 21 20 42 11 383 55 18 19 51 
27 24 36 10 8B9 42 18 21 45 11 .396 60 27 20 3!l 
17 19 42 10 900 45 Ii 21 51 11 .407 42 27 33 45 
30 27 3!l 10. 909 36 3!) 33 11 .416 55 21 17 39 
22 20 42 10. 913 55 24 20 42 11 . 423 33 20 2i 3!l 
30 36 45 10.919 33 17 27 48 11 .429 24 45 .. 21 
21 IS 42 10. 924 39 21 30 51 11 . 435 39 18 l9 36 
22 21 33 10. 931 30 19 2i 39 11 .442 51 24 21 39 
19 27 45 10. 940 48 27 24 39 11 . 455 42 22 27 45 
17 19 45 10.950 33 17 22 39 11 . 471 39 17 24 48 
21 19 3!) 10. 962 45 20 19 39 11 .483 36 19 20 33 
27 20 39 10.969 55 27 21 3!) 11 . 491 55 27 22 39 
17 21 3!l 10.980 42 18 24 51 11 503 48 18 22 51 
20 17 3!) 10.9B6 51 21 19 42 11 515 60 22 19 45 
4,5 21 10.992 42 22 19 33 11 .529 42 17 21 45 
33 30 3!) 11 .000 33 42 . . 30 11 .538 45 30 .. 39 
45 20 11 . 014 45 22 21 3!l 11 .546 39 ]!) 27 48 
27 24 33 11 . 020 36 21 27 42 11 .556 39 27 36 45 
24 33 51 11 . 029 45 24 30 51 11 . 570 42 22 20 33 
22 27 42 11 . 039 51 33 30 42 11 . 579 22 45 . . 19 
45 . . I!) 11 . 053 21 45 19 11 . 591 51 22 21 42 
24 27 48 11 . 058 55 21 19 45 11 .607 39 24 30 42 
45 18 11 . 073 48 17 20 51 11 . 611 55 20 19 45 
24 30 39 11 OBO 39 22 30 48 11 . 624 51 27 24 39 
27 20 42 11. 092 36 21 33 51 11 .636 48 22 24 45 
45 .. 17 11 .111 30 39 27 11 .647 33 17 27 45 
27 33 45 11 . 123 39 33 48 51 11 .660 3G I 9 24 39 
21 17 42 11 . 131 51 24 22 42 11 .667 42 33 .. 36 
20 27 42 11 .136 42 22 21 36 11 .688 60 33 27 42 
19 22 36 11 . 146 36 19 30 51 11 . 692 48 20 1!l 3!l 
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TABL E OF LE1\ DS. ST.A 1DARD DRI VING MECHANISM 
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TABLE OF LEADS 01.703 to 13.303) 

Lead or I I Spi rnl A I3 
in Inches I C I D 11 . \~;tn~f I A I I3 I C I D 11. tta~f I A I B I C I D 

rn Inches m I oches -
11 .703 42 19 27 51 12. 217 45 17 18 39 12 745 45 27 39 51 
11 .719 45 24 30 48 12. 222 33 39 .. 27 12.750 51 30 27 36 
11 .729 3!l I!) 24 42 12.235 51 22 I!) 3G 12.759 55 21 I!) 39 
11 . 733 48 20 22 45 12 . 245 45 21 24 42 12.768 39 24 33 42 
11 . 743 51 I !J 21 48 12. 250 42 20 21 36 12. 773 48 17 19 42 
11. 748 42 22 24 :!9 12. 273 27 42 . . 22 12 784 45 22 30 48 
11 752 55 24 20 3!) 12. 281 42 l!) 20 36 12.795 60 27 19 33 
11 . 765 20 48 17 12 .303 51 l 9 22 48 12. 800 48 20 2·1 45 
11 769 51 30 27 3!) 12 308 42 21 24 39 12 806 55 17 I!) 48 
11 777 45 22 lfl :n 12 .316 39 19 27 45 12.817 51 21 (!) 36 
11 789 42 l fl 24 45 12 . 325 55 21 24 51 12 821 55 22 20 :rn 
11 806 ;,;, 22 17 :lG 12 338 GO 22 19 42 12 829 39 19 :JO 48 
11 813 42 20 27 ,JS 12. 346 60 27 20 36 12. 834 48 22 30 51 
11 818 3!) 3G 33 12.353 21 45 17 12.857 27 45 .. 21 
11 831 51 21 I!) 39 12 .364 51 22 24 45 12 866 55 l fl 20 45 
11 842 ,15 I!) 24 48 12 .375 33 24 27 30 12 879 .'i i :i:1 30 36 
11 846 42 :io 3:1 3!l 12. 381 39 27 36 42 12.891 45 2-t 33 48 
11 852 48 27 24 36 12.389 51 19 18 39 12.896 45 17 19 39 
11 863 33 17 22 36 12 397 45 22 20 33 12 904 :rn 17 27 48 
11 .868 3G 21 27 3!l 12 409 39 22 21 30 12 919 30 I!) 27 33 
11 . 875 51 17 19 48 12. 418 60 18 19 51 12 923 42 20 24 39 
11 . 883 5r, 27 21 36 12. 423 51 20 I!) 39 12 929 48 27 2-t 33 
11 889 4 )!) 24 51 12 434 42 I!) 27 48 12.941 22 45 17 
11 895 42 27 30 51 12. 440 55 20 l!l 42 12.952 51 21 24 45 
11 . 900 51 20 21 45 12. 449 55 27 22 36 12 963 55 r _, 21 33 
11 . 905 45 27 30 42 12 . 457 45 17 24 51 12. 981 -t5 2·1 27 39 
11 912 3G 17 27 48 12 462 36 20 27 39 12. 991 48 IS l!l 39 
11 917 3!) 30 33 36 12 467 51 20 22 45 13.000 39 3G 30 
11 922 •IS 17 l!l 45 12 472 55 21 20 42 13. 017 45 22 21 33 
11 932 42 22 30 48 12 479 33 17 27 42 13 026 36 l!l 33 48 
11 939 3!l 21 27 42 12 487 55 19 22 51 13. 032 3G 17 2-1 39 
11 946 3:l 17 24 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 !fl 45 12.526 51 l!) 21 45 13. 072 GO 18 20 51 
11 . 973 48 21 22 42 12 536 55 27 2-1 3!) 13. 080 42 17 27 51 
11 983 55 18 20 51 12 544 3!l l!) 22 36 13. 095 45 27 33 42 
11 987 51 24 22 39 12 549 -18 IS 2-1 51 13.109 39 21 36 51 
12 000 36 3!l 30 12 557 3!l 33 51 48 13. 117 36 1 !l 27 39 
12.004 55 21 22 48 12 564 -12 18 21 39 13. 125 42 24 36 4R 
12 017 3!) 21 33 51 12 . 571 36 21 33 -15 13 131 39 27 30 33 
12.024 33 19 27 39 12 582 55 IS 21 51 13 149 45 22 27 42 
12 031 42 24 33 48 12.587 45 33 36 39 13. 162 42 27 33 39 
12 037 3!) 27 30 36 12 .593 51 27 2-1 36 13 176 42 17 24 45 
12 042 51 20 17 36 12 .600 -12 20 27 45 13. 181 55 18 22 51 
12 053 55 17 19 51 12 .606 39 33 ,18 ,15 13.187 36 21 30 39 
12 057 :3G l!l 21 33 12 618 55 I!) 17 39 13. 195 3!) l!l 27 42 
12 063 GO 21 19 45 12 .632 2-1 45 .. J!l 13.200 36 20 33 45 
12 074 30 19 30 51 12. 639 ➔ 2 27 39 48 13 .209 39 17 I 9 33 
12 088 33 21 30 3!) 12.656 ➔ 5 20 27 ➔s 13. 217 42 22 27 39 
12 095 55 24 l!l 36 12 662 39 22 30 42 13.223 48 22 20 33 
12. 101 48 21 27 51 12 .667 60 20 l!l ·15 13 .233 48 J!l 22 42 
12. 108 39 17 J!l 36 12 675 51 l!l 17 36 13. 241 39 27 33 36 
12 115 42 24 27 3!) 12 687 55 17 20 51 13. 247 51 22 24 42 
12. 121 60 22 20 45 12 692 -15 30 33 3!l 13.263 42 19 27 45 
12. 133 42 30 30 45 12.698 48 27 30 ➔2 13.268 55 19 22 48 
12.149 42 22 21 33 12 706 36 17 27 45 13. 281 51 24 30 48 
12. 179 60 24 1 !) 39 12 . 721 51 21 22 -12 13.287 48 17 24 51 
12. 188 3!) 22 33 48 12 .727 ➔2 36 .. 33 13. 295 39 22 36 48 
12. 201 45 I!) 17 33 12 731 55 2-1 20 36 13. 303 42 17 21 39 
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CINCIN1 AT! D IAL TYPE M ILLI G 1\1!1\CH INES 
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TABLE OF LEADS c13.322 to 1s.231) 

Lead or I I Spiral A B 
ia I a ches I I II 

Lead or I 
C D . Spiral .-\ 

rn Inches 

13.322 45 I!) 27 48 13. 929 3!) 
13 333 48 33 36 13. 937 42 
13 347 51 22 I!) 33 13 956 55 
13. 357 51 20 22 42 13 971 GO 
13.368 55 2-1 21 36 13.986 GO 
13. 375 48 ]!) 27 51 14 000 42 
13 382 42 2-1 39 51 14. 005 55 
13 388 3G 22 27 3:3 14 014 45 
13 397 55 20 ]!) 3!) 14 020 3!) 
13 .406 39 20 :n 48 14.026 48 
13.421 51 l !l 24 48 14 .035 60 
13.431 55 21 20 3!) 14. 060 51 
13.439 33 17 27 39 14 066 ,13 
13.445 48 21 30 51 14 .074 60 
13 458 51 20 I!) 36 14 . 103 GO 
13.468 60 27 20 33 14 .112 30 
13 474 48 19 24 45 14.118 2,1 
13. 481 42 27 39 45 14 .141 42 
13. 492 51 27 30 42 14 152 55 
13 500 27 42 20 14 161 45 
13. 509 42 10 22 36 14 167 51 
13 523 51 24 21 :13 14. 182 3!) 
13 .534 36 l !l :.10 42 14 211 27 
13.542 45 27 3!) 48 14 219 42 
13 571 GO 20 I!) 42 14 .225 42 
13 580 55 27 24 3G 14 . 251 48 
13 600 51 20 24 45 14 259 42 
13. 611 42 18 2l 36 14 266 51 
13.622 55 l!l 24 51 14 .286 30 
13.636 45 36 33 14 300 3!) 
13 .660 55 17 l !l 45 14.316 51 
13. 670 ,5,5 ]!) 17 :rn 14.338 45 
13 675 48 27 :m 3!) 14 .344 51 
13 .684 39 ]!) 30 45 14. 351 3!) 
13 .700 51 21 22 3!) 14 359 42 
13 714 48 21 27 45 14 .379 55 
13.719 55 21 22 42 14 385 51 
13 725 45 27 42 51 14 394 GO 
13 731 51 20 21 3!) 14. 400 48 
13 737 51 27 24 33 14 . 405 55 
13 750 3:i 42 24 14 .412 42 
13 756 4 17 J!) 3!) 14 423 45 
13.765 ;_i!) 17 27 45 14 . 429 5!i 
13 776 ,15 LI 27 42 14 . 436 48 
13 788 I ~2 :iG I :1!) 33 14.444 3!) 
13 804 17 22 4.'i 14 453 ,5J 
13 81 6 ·12 1(1 :1r1 48 14 464 45 
13 823 =r 21 19 3G 14. 474 55 ,),J 

13 841 GO 17 2() 51 14 . 480 48 
13 846 ·1 2-1 27 :.l!) 14 489 51 
13 853 1 21 1 2(, :i3 14 .504 3!) 
13.866 ·15 ?i .,., -1 14 514 5.5 - ... ) I ., 13.878 51 2.1 2-1 42 14 530 5l 
13.88<1 12 22 21 :n 14 .538 42 
13.889 45 27 30 3G 14 .545 48 
13.897 42 17 27 48 14 550 ,55 
13 . 904 :.l!) 17 20 3:i 14 559 36 
13 909 ,51 ~!U 27 :13 14.571 51 
13.919 GO 21 I!) 3() 14 .583 42 

22 33 42 
17 22 3!) 
17 22 51 
17 10 48 
33 30 3!) 
36 . . 30 
24 22 36 
17 27 ;j] 

IS 33 51 
22 27 42 
]!) 20 45 
rn 22 ,12 
21 24 3!) 
18 19 45 
2·1 22 3!) 
rn 33 48 
48 17 
27 30 33 
]!) 22 45 
22 27 3!) 
24 30 45 
30 36 33 
42 10 
24 3!) 48 
17 l!l 33 
rn 22 30 
27 33 36 
22 24 3!) 
39 21 
20 33 45 
I!) 24 45 
24 39 51 
20 27 48 
33 51 42 
27 36 39 
IS 24 51 
30 3.l 3!) 
24 Jg 33 
20 27 45 
20 22 42 
17 21 :36 
24 30 3!) 
18 17 36 
19 24 42 
36 . . 27 
I!) 21 3!) 
20 27 42 
19 24 43 
17 20 3!) 
22 30 48 
22 27 33 
20 ]!) 3G 
27 30 3!) 
20 27 :3!) 
36 . . 33 
27 30 42 
17 33 48 
21 27 45 
36 30 24 

Lead or 
Spiral 

in Inches 

14 .592 
14 599 
14 .609 
14 615 
14 625 
14 .636 
14 611 
14 652 
14 661 
14 .667 
14 .682 
14 694 
14 706 
14 712 
14 .727 
14 737 
14 . 748 
14 752 
14 . 769 
14 774 
1<1 790 
14 803 
14 .808 
14 .815 
14 . 824 
14 .835 
14 841 
14 .850 
14 . 861 
14 . 875 
14 .886 
14. 890 
14 . 896 
14 . 903 
14 928 
14 . 938 
11. 945 
14 951 
14 .966 
14 .973 
15.000 
15. 038 
15 043 
15 053 
15 059 
15 072 
15 079 
15 098 
15 105 
15 .111 
15. 126 
15. 152 
15. 158 
15. 167 
15. 179 
15 . 195 
15.204 
15 225 
15 231 

:rn 
42 
51 
60 
3!l 
55 
51 
GO 
36 
55 
51 
48 
45 
51 
36 
42 
30 
51 
48 
55 
48 
45 
,12 
55 
42 
45 
51 
33 
,1s 
51 
55 
45 
39 
51 
3!) 
55 
51 
51 
fi5 
42 
45 
GO 
48 
:rn 
48 
45 
GO 
55 
48 
51 
45 
4,5 
48 
42 
51 
:3!) 
42 
,55 
:rn 

2l 33 42 
22 3!) 51 
2,1 33 48 
20 l !l 39 
30 27 24 
17 I!) ,12 
I!) 18 33 
2[ 20 39 
17 27 3!) 
20 24 45 
20 I!) 33 
21 27 42 
18 30 51 
2-1 27 39 
22 27 30 
]!) 30 45 
17 27 42 
22 21 33 
20 24 39 
21 22 39 
2 1 33 51 
19 30 48 
24 '.l3 39 
27 24 33 
17 27 45 
21 27 30 
27 :3:1 42 
20 27 30 
I 9 30 51 
20 21 36 
18 I !l 39 
17 27 48 
36 33 24 
22 27 42 
] !) 24 33 
27 22 :m 
21 2-1 3!) 
18 ]!) :36 
21 24 42 
17 20 33 
:rn 30 
]!) 20 42 
27 33 3!l 
I!) 33 45 
17 24 45 
19 21 33 
21 ]!) 36 
17 21 45 
22 27 39 
30 24 27 
2 1 :lG 51 
:13 30 27 
19 27 45 
:36 3!) 30 
24 30 42 
22 36 42 
17 24 39 
17 24 51 
20 33 39 
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~ =: LI) ' TABLE OF L EADS, STANDAR D D RIVING MECI-IA. 'ISM 

TABLE O F LEADS (15.241 t o 17 .550) 

Lenci of I I Spiro! A 13 
in I nchcs II 

Lead of I I I D . Spiral A 13 C 
in Inches I II 

Lead of I 
D . Spirnl ,\ 

m Inches 

15 241 45 17 J9 33 15.966 60 17 l!l I 42 16. 783 48 22 30 39 
15 256 51 I 21 39 15. 983 51 27 33 3!) 16. 794 39 19 27 33 
15.273 42 33 36 30 16 . 000 4S 36 30 16 800 42 20 36 45 
15. 278 55 24 24 36 16 032 36 1!l 33 3!) 16 806 55 30 33 36 
15 294 42 21 39 51 16 042 42 36 33 24 16.813 51 21 27 39 
15 300 51 20 27 45 16 049 51 22 27 3!) 16. 824 39 17 33 45 
15 306 45 21 30 42 16 071 ,15 24 36 42 16. 837 45 21 33 42 
15 311 4 l!l 20 33 16.082 I 55 ]!) 20 36 16.845 45 22 42 51 
15 321 3!) 20 33 42 16 105 51 ]!) 27 45 16 852 42 36 39 27 
15.338 51 10 24 42 16 117 55 21 24 3!) 16. 859 51 22 24 33 
15 354 48 l 19 33 16. 127 55 JS I!) 36 16. 875 45 2-1 27 30 
15 385 45 30 36 27 16 134 48 21 36 51 16. 886 55 19 21 36 
15 395 3!) 10 36 48 16. 150 51 20 l!l 30 16. 904 42 19 3!) 51 
15. 400 42 20 33 45 16. 162 48 33 30 27 16. 917 45 I!) 30 42 
15. 407 39 27 48 45 16 176 55 17 24 48 16. 923 55 20 24 39 
15 429 36 21 27 30 16 190 51 21 30 45 16 947 55 17 22 42 
15 439 55 19 24 45 16 200 36 20 27 30 16.970 42 33 36 27 
15 441 42 17 30 48 16 211 42 I!) 33 45 16. 985 42 17 33 48 
15. 455 51 3G 33 16 239 60 18 19 ;J\) 17 000 51 36 .. 30 
15 469 45 20 33 4 16. 250 3!) 36 . . 24 17 01 7 45 17 27 42 
15 476 45 27 39 42 16. 257 48 17 l!l 33 17. 028 55 19 30 51 
15.502 3G J9 27 33 16. 283 55 l!l 27 -IS 17.045 45 33 30 24 
15 513 55 20 22 39 16 290 36 17 30 3!) 17.053 36 ]!) 27 30 
15 529 3Ci 17 33 45 16 296 48 27 33 :3G 17.063 42 20 39 48 
15 547 4 19 24 39 16. 313 51 IS 19 33 17.075 55 17 19 36 
15 556 42 36 27 16 327 48 21 30 42 17. 081 51 I!) 21 33 
15 571 45 17 30 51 16 333 42 18 21 30 17. 094 60 27 30 3!) 
15 577 45 20 27 3!) 16 346 51 24 30 39 17. 105 39 19 30 36 
15.587 5-'> 10 21 39 16. 364 36 30 .. 22 17.112 4S 17 20 33 
15 600 39 20 36 45 16 370 39 27 51 45 17.128 45 17 33 51 
15 612 51 21 27 42 16. 387 45 21 39 51 17. 143 36 3!) 21 
15 620 42 22 27 33 16.397 45 19 27 3!) 17. 172 51 33 30 27 
15 625 45 36 30 24 16. 404 51 10 22 3r, 17 182 42 22 27 30 
15 632 33 10 27 30 16. 410 48 27 36 3!) 17. 195 60 17 l!J 39 
15 642 45 22 39 51 16. 421 39 19 36 45 17. 206 39 l7 36 48 
15 658 51 19 21 36 16 450 60 21 19 33 17 225 36 19 30 33 
15.670 55 27 30 39 16 471 42 17 30 ,15 17. 236 55 27 33 39 
15 686 48 18 30 51 16 484 45 21 30 39 17. 255 55 17 2-1 45 
15 692 51 20 24 39 16. 500 33 36 20 17. 273 51 17 19 33 
15 71 4 48 24 33 42 16. 508 48 27 39 42 17. 308 45 24 36 39 
15 724 33 39 .. 21 16. 518 51 19 24 39 17. 316 60 21 20 33 
15 734 45 22 30 39 16. 529 60 22 20 33 17.326 36 17 27 33 
15 741 51 27 30 36 16.544 45 17 30 48 17. 333 48 36 3!) 30 
15.750 42 24 27 30 16.558 51 n 30 42 17. 347 51 21 30 42 
15.762 55 17 19 39 16. 579 42 19 36 48 17.355 42 33 30 22 
15 772 39 17 33 48 16.593 42 27 48 45 17. 368 33 39 . . 19 
15.789 30 42 .. 19 16. 609 48 17 30 51 17.376 48 17 2-t 39 
15 817 55 17 22 45 16.615 48 20 27 3!) 17.386 51 24 27 33 
15.824 48 21 27 39 16.623 48 21 24 33 17. 411 45 24 39 4.2 
15.833 51 17 19 36 16.639 36 17 33 42 17. 421 55 17 21 39 
15.865 45 24 33 39 16. 667 45 36 .. 27 17.439 42 17 36 51 
15 873 55 21 20 33 16. 684 48 22 39 51 17. 455 4S 33 36 30 
15 882 27 42 .. 17 16. 696 51 24 33 42 17. 471 33 17 27 30 
15 889 3!) 30 33 27 16 714 39 20 36 42 17.479 48 21 39 51 
15 909 42 33 30 24 16 . 725 39 19 22 27 17. 490 48 19 27 39 
15. 918 39 21 36 42 16.736 45 22 ?~ 33 17.500 42 39 24 ~, .. 
15.928 48 17 22 39 16. 762 48 21 33 45 17.531 51 20 33 48 
15.938 51 20 30 48 16.776 51 19 30 48 17.540 39 27 51 42 
15.955 39 22 27 30 17.550 39 20 27 30 
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TABLE OF LEADS (17.582 to 20.s88) 

's;tn~f I A I 13 I C I D 11 . Ls;tn~f I A I 13 I C I D II . L~:;i,~r. I ,\ I 13 I C I D 
in Inches an 1 nchcs m I nchcs 

17. 582 48 21 30 3!l 18 519 uO 27 30 3G 19 479 51 24 33 36 
17.593 60 18 l!) 3G 18.529 42 17 36 48 19.500 39 36 20 
17. 600 48 20 33 45 18 545 51 30 36 33 19. 522 51 19 24 33 
17. 622 42 39 3G 22 18 571 39 36 21 19. 548 4S 17 27 3!) 
17. 630 42 27 51 45 18 583 51 19 27 39 19 556 48 30 33 27 
17.647 30 39 17 18 .595 45 22 30 33 19 592 48 21 36 42 
17. 654 51 20 27 39 18.609 45 19 33 42 19.608 60 17 20 3G 
17.662 51 21 24 33 18. 627 GO Ii 1 !) 36 19 615 51 24 36 31J 
17 679 45 20 33 42 18 660 39 19 30 33 19 636 118 22 27 30 
17.690 55 l!l 22 36 18. 673 55 27 33 36 19. 643 33 21 30 24 
17 708 51 24 30 36 18.685 45 17 36 51 19 664 3!) 17 36 42 
17.727 39 36 22 18 700 51 20 33 45 19.684 51 19 33 45 
17.763 45 19 36 48 18 707 55 21 30 42 19. 697 45 33 3!l 27 
17 778 48 33 27 18. 731 55 19 33 51 19 732 51 24 3!l 42 
17. 810 51 21 33 45 18. 750 45 36 .. 24 19. 744 42 18 33 3!l 
17 824 55 18 21 3G 18 770 39 17 27 33 19.765 42 Ii 36 45 
17 832 51 22 30 39 18 .803 55 18 24 3!) 19 780 '15 21 :rn 39 
17 843 42 18 3!) 51 18 816 39 19 33 36 19 800 36 30 3:1 20 
17 851 48 22 27 33 18.824 4 18 3G 51 19 810 48 21 39 45 
17.857 GO 24 30 42 18 857 4 20 33 42 19. 835 48 22 30 33 
17.875 3!) 30 33 24 18 .873 55 17 21 3G 19 850 48 l !) :13 42 
17 898 45 22 42 48 18. 881 45 22 36 :19 19 861 3!) 27 3;3 24 
17.919 36 17 33 3!l 18.889 51 33 27 19 870 51 22 36 42 
17.949 45 3!) 42 27 18. 900 42 20 27 30 19. 895 42 I!) 27 30 
17. 959 48 21 33 42 18. 909 4 33 39 30 19 910 55 17 2-1 3!l 
17. 968 42 17 24 33 18.947 3G 39 19 19 922 45 24 51 48 
17. 981 51 24 33 39 18 958 42 36 39 24 19 . 931 48 17 36 51 
18 000 36 39 20 18. 967 51 22 27 33 20 000 4S 3G . . 2-1 
18 006 55 24 33 42 18. 994 45 22 3!) 42 20 . 040 45 1 !l 33 39 
18 025 3!l 17 33 42 19 031 55 17 30 51 20 074 42 .1 7 3!l 48 
18 030 51 18 21 33 19 038 45 20 33 39 20 096 42 l!) 30 33 
18 045 48 19 30 42 19. 048 55 21 24 33 20 132 51 1 !l 36 48 
18. 056 45 36 3!) 27 19 059 36 17 27 30 20 147 55 2 1 :io 39 
18 086 42 l!J 27 33 19 082 51 21 33 42 20 . 167 55 20 22 30 
18 092 55 l!l 30 48 19 091 42 36 22 20 192 45 3!) 42 24 
18. 100 60 17 20 3!J 19.097 55 24 30 36 20. 202 60 27 30 33 
18. 111 45 19 3!J 51 19.118 45 18 39 51 20 211 48 19 24 30 
18 118 42 17 33 45 19 125 51 24 27 30 20 222 42 30 39 27 
18 132 45 21 33 3!) 19 . 139 60 19 20 33 20 . 238 51 2l 30 3G 
18. 151 48 17 27 42 19 145 48 39 42 27 20 250 45 20 27 30 
18 182 48 3:3 30 24 19 . 158 42 19 39 45 20 . 260 3!) 33 3G 21 
18.200 42 20 39 45 19 .173 51 1 !) 30 42 20 . 301 45 19 3G 42 
18.219 45 J!) 30 3!) 19 . 192 60 18 l!l 33 20 . 321 60 17 19 33 
18.250 ;;5 17 22 39 19 206 55 2[ 33 45 20 .342 42 27 51 3!) 
18. 270 4 17 :n 51 19 231 5,5 22 30 3!l 20 .362 45 17 30 39 
18. 286 48 21 :rn 4.5 19 243 45 l!l 39 48 20 .370 55 33 27 
18 308 ,12 30 51 39 19 .250 42 30 33 24 20 .392 48 18 39 51 
18.326 45 17 27 3!) 19. 259 48 36 39 27 20 . 400 51 20 24 30 
18. 333 ii5 33 .. 30 19 .286 45 21 27 30 20 408 60 21 30 42 
18. 353 3!) 17 36 45 19 298 55 19 30 45 20 . 433 55 ]!) 36 51 
18. 367 45 21 36 42 19 .319 48 19 3!) 51 20 . 455 45 3G .. 22 
18 373 48 19 24 33 19 . 341 48 21 3'' 39 20 463 51 36 3!) 27 .., 
18. 384 42 3:3 :39 27 19 .378 45 19 27 33 20 .513 45 27 48 39 
18. 409 45 22 27 30 19 .385 42 20 36 39 20 . 526 3!) 3G ]!) 
18. 421 5!i 19 21 3:3 19.394 48 33 36 27 20. 535 48 17 24 33 
18. 454 51 19 33 48 19.412 33 3G .. 17 20 .549 51 21 33 39 
18. 462 48 24 :JG 39 19 429 51 21 3G 45 20 . 571 48 21 27 30 
18 474 3!) I!) '27 30 19. 433 48 19 30 3!) 20.578 55 21 33 42 
18. 487 55 17 24 42 19. 444 45 :36 42 27 20 .588 55 17 21 I 33 
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D 

c T/\BLE OF L EADS. STANDARD DRIVING ivlECHAN IS. I 

TABLE OF LEADS (20.606 to 24.74oJ 

Lead of I I Spirnl A B 
ia I aches 

20 606 51 33 36 27 21 .857 51 21 27 30 23. 214 45 36 
20. 625 45 30 33 24 21 862 45 19 36 39 23 253 48 17 
20 635 39 21 30 27 21 .875 45 36 42 24 23. 269 55 20 
20 . 648 51 19 30 39 21 . 895 48 19 39 45 23 294 3G 17 
20 . 670 48 19 27 33 21 . 962 51 19 27 33 23. 320 48 19 
20. 682 42 33 39 24 21 .978 60 21 30 39 23. 333 42 36 
20 706 48 17 33 45 22 .000 48 30 33 24 23 .375 51 30 
20 719 51 20 39 48 22 .028 45 39 42 22 23 . 400 39 30 
20 741 48 36 42 27 22 .037 42 27 51 36 23 .437 45 24 
20 769 45 20 36 39 22. 059 45 17 30 36 23 . 459 48 19 
20 778 51 30 33 27 22 .068 39 36 55 27 23 . 487 51 19 
20 . 798 45 17 33 42 22.078 51 21 30 33 23 . 504 55 18 
20. 805 48 19 42 51 22 105 42 36 19 23 . 529 55 17 
20 816 51 21 36 42 22 . 154 48 20 36 39 23 538 51 20 
20 .826 42 33 36 22 22 . 185 48 17 33 42 23. 579 48 19 
20 833 45 27 30 24 22. 222 48 36 45 27 23 . 611 51 27 
20 .842 36 30 33 19 22 .235 42 17 27 30 23 636 48 33 
20 856 30 17 30 33 22. 243 55 17 33 48 23 684 45 33 
20. 864 51 22 27 30 22 262 51 21 33 3G 23 725 55 17 
20 905 42 17 33 39 22. 286 39 30 36 21 23 . 765 42 27 
20 . 934 55 17 33 51 22. 313 51 20 42 48 23.800 51 20 
20. 952 48 21 33 36 22. 323 51 33 39 27 23 .810 45 21 
20 979 60 22 30 39 22 . 344 39 24 33 24 23 .824 45 17 
21 000 42 39 20 22 368 51 19 30 36 23.833 39 27 
21 010 48 33 39 27 22. 392 39 33 36 19 23 .864 45 33 
21 029 39 17 33 36 22 . 400 48 20 42 45 23 . 891 48 17 
21 . 053 55 19 24 33 22 . 418 51 21 36 39 23. 947 42 19 
21 074 51 22 30 33 22. 449 55 21 36 42 23 .974 51 18 
21 099 48 21 36 39 22 . 460 42 17 30 33 24 .000 48 33 
21 154 55 20 30 39 22 500 45 36 20 24 . 040 51 33 
21 . 176 36 39 17 22 551 51 21 39 42 24 . 063 42 24 
21 212 45 33 42 27 22 . 564 48 IS 33 39 24 074 55 27 
21 228 55 19 22 30 22 579 39 30 33 19 24 . 115 42 33 
21 . 250 51 33 24 22. 588 48 17 36 45 24 . 123 55 19 
21 . 273 30 30 36 22 22. 626 42 27 48 33 24 . 158 51 19 
21 316 45 19 27 30 22. 667 51 30 36 27 24 . 176 55 21 
21 . 333 48 30 36 27 22. 689 45 17 36 42 24 . 202 48 17 
21 377 48 19 33 39 22. 698 39 27 33 21 24 . 231 45 20 
21 . 389 42 27 33 24 22. 713 51 19 33 39 24 .242 48 33 
21 . 399 51 22 36 39 22. 727 45 27 30 22 24 .265 55 17 
21 . 412 42 17 39 45 22 737 48 19 27 30 24 .286 51 33 
21 429 45 36 21 22. 744 55 19 33 42 24. 292 60 19 
21 450 39 30 33 20 22.750 42 30 39 24 24.316 42 30 
21 . 474 51 19 36 45 22 . 768 51 21 45 48 24 .375 45 30 
21 507 45 17 39 48 22 .805 42 17 36 39 24. 402 51 19 
21 .526 51 22 39 42 22. 837 55 17 36 51 24 .434 45 17 
21 .538 48 24 42 39 22 .857 48 33 21 24 .444 55 30 
21 577 51 20 33 39 22. 885 51 24 42 39 24 .471 48 17 
21 . 592 48 17 39 51 22. 909 42 30 36 22 24 .494 55 19 
21 .607 55 20 33 42 22 . 917 55 30 .. 24 24 .519 45 24 
21 636 51 33 42 30 22. 941 39 36 .. 17 24 .545 45 30 
21 . 654 48 19 36 42 22 . 967 48 19 30 33 24 . 561 42 19 
21 667 39 36 18 23 .008 51 19 36 42 24 . 580 45 17 
21 711 55 19 36 48 23 . 021 51 24 39 36 24 . 605 51 19 
21. 719 48 17 30 39 23 .077 48 24 45 39 24 . 615 48 21 
21 . 795 51 18 30 39 23 . 100 42 30 33 20 24 .632 39 30 
21 .809 51 19 39 48 23 . 111 48 30 39 27 24 .706 42 36 
21. 818 48 33 22 23 . 158 55 19 24 30 24 .727 48 22 
21 .825 55 21 30 36 23 . 182 51 33 .. 22 24 .740 55 17 

39 21 
42 51 
33 39 
33 30 
3G 39 

18 
33 24 
36 20 
30 24 
39 42 
42 48 
30 39 
24 33 
36 39 
42 45 
30 24 
39 24 

19 
22 30 
55 36 
42 45 
30 27 
27 30 
33 20 
42 24 
33 39 
39 36 
33 39 
. . 20 
42 27 
33 24 
39 33 
36 19 
30 36 
27 30 
36 39 
36 42 
42 39 
45 27 
36 48 
.. 21 
30 39 
33 19 
39 24 
30 33 
36 39 
36 27 
39 45 
33 39 
51 39 
36 22 
30 9--1 
39 42 
33 36 
42 39 
36 19 
. . 17 
51 45 
39 51 
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CINCINN.<\TI D IAL TYPE M ILLI 1G tv1ACI-I INES 
========= = ===== ==J· 

TABLE OF LEADS (24 .7So to 30. 390) 

Le.'ld of I I Spiral A 13 
in Inches I I II Lend of I I I I II Lead of I C D . Spiral A n C D . S piral A 

m I nchcs rn Inches 

24 .750 45 30 33 20 26 .353 48 17 42 45 28. 373 55 21 3!) 36 
24 .762 3!) 27 36 21 26 .374 48 21 45 3!) 28 . 421 45 30 36 19 

24 777 51 I!) 36 39 26. 400 48 30 33 20 28 .437 42 24 3!) 24 
24 .793 60 22 30 33 26 442 45 24 55 3!) 28 . 507 45 17 42 3!) 
24 .826 55 24 3!) 36 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 I!) 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 3!) 17 
24 .965 51 22 42 39 26.644 55 17 42 51 28 701 51 33 3!) 21 
25.000 51 17 30 36 26 .667 48 36 . . I 28 .718 48 18 42 3!) 
25.027 39 33 36 17 26 . 714 51 30 33 21 28 .737 42 30 39 I!) 

25.053 51 19 42 45 26 748 51 22 45 39 28 .759 51 19 45 42 
25.088 39 27 33 19 '26. 765 42 36 39 17 28 .810 55 30 33 21 
25. 114 51 33 39 24 26.786 45 21 30 24 28 875 42 24 33 20 
25 143 48 30 33 21 26.812 39 24 33 20 28 . 889 48 27 3!) 24 
25 . 175 48 22 45 3!) 26.842 51 33 19 28 907 51 J!) 42 3!) 
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 .1 7 28 977 51 24 45 33 
25 235 39 17 33 30 26 984 51 21 30 27 29 . 079 51 19 3!) 36 
25.263 48 33 .. l!l 27 .000 45 30 36 20 29 091 48 33 42 21 
25 278 42 27 39 24 27 018 42 27 33 I!) 29 . 101 55 21 30 27 
25 289 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 l!l 45 42 29 . 143 51 30 36 21 
25.385 60 20 33 39 27 .083 55 24 39 3:1 29 . 167 45 27 42 24 
25.397 48 21 30 27 27 . 149 60 17 30 3!) 29 .198 42 33 3!) 17 
25 412 48 17 27 30 27 . 176 42 17 33 30 29 .221 45 21 30 22 
25 420 55 17 33 42 27 .206 48 l!l 42 3!) 29 .250 45 30 39 20 
25. 455 48 33 42 24 27.273 48 33 45 24 29 .282 51 33 36 19 
25 463 55 27 30 24 27 .300 42 30 3!) 20 29 . 333 48 27 33 20 
25.490 39 17 30 27 27.368 3!) 27 36 J!) 29 .412 60 17 30 36 
25. 500 51 33 .. 2U 27 .397 51 33 3!) 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 3!) 27 .500 55 33 .. 20 29 . 526 51 30 33 19 
25 658 45 36 39 19 27 529 3!) 30 36 17 29 . 545 45 27 39 22 
25 .668 48 17 30 33 27 .560 48 33 36 J!) 29 . 605 45 J!) 30 24 
25 .714 45 30 36 2J 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 55 17 33 36 
25.785 4, 33 39 22 27.692 48 20 45 3!) 29 . 683 51 27 33 21 
25. 837 45 33 36 J!) 27. 731 55 17 36 42 29 . 714 48 30 3!) 21 
25. 846 4 20 42 3!) 27.755 51 21 48 42 29 . 750 51 30 42 24 
25. 855 55 I 33 3!) 27 769 48 33 42 22 29 . 774 36 21 33 HJ 
25. 882 55 17 36 45 27.789 48 30 33 l!l 29 . 792 55 30 3!) 24 
25 905 51 21 48 4:j 27 818 51 30 36 22 29 . 825 51 19 30 27 
25.926 .J2 I 30 27 27.857 45 30 39 21 29 . 864 55 17 36 3!) 
25.972 51 27 33 24 27.937 48 27 33 21 29 . 890 51 21 48 39 
26.000 4 30 3!) 24 27 .990 45 33 3!) 19 30. 000 55 30 36 22 
26.020 SI 21 45 42 28.009 55 27 33 24 30. 042 55 17 39 42 
26.033 45 :n 42 22 28 .022 51 21 45 3!) 30 136 51 30 39 22 
26 053 45 30 :33 l !) 28.039 55 17 39 45 30. 144 45 33 42 19 
26.063 4 17 36 39 28.050 51 30 33 20 30.196 42 17 33 27 
26. 124 42 3:3 39 19 28 .070 48 I!) 30 27 30. 222 51 30 48 27 
26 . 154 51 21 42 3!) 28 .125 45 24 36 24 30.252 48 17 45 42 
26 . 182 4 30 36 22 28 .224 39 24 33 19 30.303 60 22 30 27 
26 .21 8 48 17 :rn 42 28 .235 48 36 17 30.316 48 30 36 19 
26.250 45 30 42 24 28 .283 60 27 42 33 30. 333 42 27 39 20 
26.287 55 17 39 48 28.309 55 17 42 48 30. 357 51 21 30 24 
26 .310 51 21 3!1 36 28 .333 SL 27 33 22 30. 390 3!) . 22 36 21 
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T BLE OF LEADS, :::.TANDARO DR IVING MECHAN ISM 
================j· 

TABLE OF LEADS (3o.4o7 to 37.227) 

30 407 48 17 42 39 32.566 45 24 33 19 34 .895 51 30 39 19 
30 450 55 17 48 51 32.579 48 17 45 39 34. 921 55 27 36 21 
30 476 48 27 36 21 32.692 51 18 45 39 35 .000 48 24 42 24 
30.513 51 18 42 39 32. 727 51 33 36 17 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 39 21 
30 588 39 17 36 27 32.842 48 30 39 19 35.088 60 19 30 27 
30 600 51 30 30 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 I 9 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 55 27 33 19 
30 .882 45 30 42 17 33. 117 51 21 30 22 35.417 51 27 45 24 
30 .909 51 27 36 22 33 . 158 45 30 42 19 35.455 42 22 39 21 
30 937 45 24 33 20 33. 239 45 24 39 22 35. 526 45 24 36 19 
30 952 45 27 39 21 33.277 36 17 33 21 35 556 48 27 42 21 
30 .972 51 19 45 39 33.333 55 27 36 22 35.588 55 17 33 30 
31 023 42 24 39 22 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 
31 . 111 48 27 42 24 33.429 39 21 36 20 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 35 750 55 20 39 30 
31 250 GO 24 30 24 33.589 39 22 36 19 35 795 45 24 42 22 
31.283 115 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 35 936 48 17 42 33 
31. 360 55 19 39 36 33.704 42 27 39 18 35 .948 55 17 30 2i 
31 .385 51 20 48 39 33.719 51 22 48 33 35 .962 51 20 55 3!1 
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 21 
31 500 45 30 42 20 33.846 48 20 55 :rn 36.050 39 17 33 21 
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 
31 .571 51 30 39 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 22 45 33 36.429 51 30 45 21 
31 842 55 30 33 19 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 22 36 20 34.211 45 27 39 19 36 .562 45 24 39 20 
31.930 42 27 39 19 34 .249 51 21 55 39 36.603 51 19 45 33 
32.000 48 21 42 30 34 .286 48 24 36 21 36.667 55 27 36 20 
32 011 55 27 33 21 34 . 375 55 30 45 24 36.706 48 30 3!) 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 rn 42 33 
32 143 45 24 36 21 34 .510 48 17 33 27 36.908 51 24 33 19 
32 . 164 55 ]!) 30 27 34 . 531 51 24 39 24 36.923 51 17 4S 39 
32 211 51 30 36 ]!) 34 .615 51 17 45 39 36.947 39 20 36 19 
32 .231 60 22 39 33 34 .630 51 18 33 27 36.975 55 17 48 42 
32 256 39 19 33 21 34 .667 48 27 39 20 37.037 60 18 30 27 
32 297 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 4S 30 32 353 -l5 17 33 27 34 . 773 51 30 45 22 37.143 48 24 39 21 
32 . 381 51 27 36 21 34 . 821 45 24 39 21 37 . 187 51 24 42 24 
32.465 ,'ii 30 42 22 34 .842 55 17 42 39 37.218 45 21 33 19 
32.500 48 24 39 24 34 .872 51 18 48 3!) 37.227 42 22 39 20 
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CINCINNATI D I.AL TYPE MILLING MACHINES 
=~=====::========== J· 

TABLE OF LEADS (37.240 to 46.324) 

Lend of I 
Spiral A 

in lnches I n I c I D 11 . 
1s;tnr I A I n I c I D II 

1s;in~r I A I n I c I n 
m I nchcs in Inches 

37 .240 55 24 39 24 40.000 51 27 36 17 43 105 42 20 3!) 19 
37 .321 60 19 39 33 40 . 071 51 21 33 20 43. 137 55 27 36 17 
37 .346 55 18 33 27 40. 104 55 24 42 24 43 175 5 1 27 48 21 
37 .403 48 22 36 21 40. 147 42 24 39 17 43 214 55 21 3:J 20 
37 .500 55 24 36 22 40. 191 60 19 42 33 43 308 48 21 36 l!l 
37.540 39 17 36 22 40. 263 51 24 36 19 43 .333 51 27 :19 17 
37 579 51 30 42 l!J 40 . 428 42 22 36 17 43 421 55 19 36 24 
37 .632 55 19 :19 30 40 441 55 17 45 36 43 .466 51 24 45 22 
37 .647 48 27 36 17 40. 476 51 27 45 21 43 618 51 2-1 3!J 19 
37 670 51 24 3!l 22 40 . 519 4 22 39 21 43 636 48 22 42 21 
37 714 48 21 33 20 40 568 51 2-1 -12 22 43 . 651 55 21 45 27 
37 745 5.5 17 42 36 40 . 602 45 21 36 l!l 43 . 676 4.'j 17 33 20 
37 778 51 27 -18 2-1 40 625 611 24 3!l 24 43 714 51 21 :16 20 
37 .812 55 24 33 20 40. 741 55 27 12 21 43 .750 60 24 42 24 
37.831 55 27 3!l 21 40 765 42 17 33 20 43 .797 42 22 3!J 17 
37 853 39 17 33 20 40. 784 48 27 39 17 43 .923 51 22 36 19 
37.895 48 30 45 l!l 40 .800 51 20 48 30 43 985 45 21 39 19 
37.917 42 24 39 18 40 .909 60 20 30 22 44 .000 48 18 33 20 
37.987 45 22 39 21 40 926 51 27 39 18 44 .074 51 27 42 18 
38. 182 48 24 42 22 41 . 053 48 24 39 I 9 44 118 GO 17 30 24 
38. 194 55 27 45 24 41 . 143 48 21 3G 20 44 . 136 55 18 39 27 
38. 235 45 27 39 17 41 . 176 45 27 -12 17 44 211 48 2-1 42 I 9 
38. 250 51 24 36 20 41 . 212 51 27 -18 22 44 289 51 20 33 19 
38. 487 45 24 :rn l!l 41 . 250 55 24 36 20 44 318 GO 24 3!l 22 
38 .500 55 20 42 30 41 . 270 60 21 39 27 44 . 370 48 17 33 21 
38 .519 48 27 39 18 41 . 294 39 17 36 20 44 444 48 27 45 18 
38. 571 45 21 36 20 41 . 340 48 22 36 19 44 471 42 20 36 17 
38. 596 5,5 27 36 19 41 364 42 22 3!l 18 44 . 485 55 17 33 24 
38 636 51 27 45 22 41 437 51 24 39 20 44 .524 51 18 33 21 
38. 756 45 22 36 19 41 . 481 48 27 42 18 44 .571 48 21 39 20 
38 772 51 27 39 l!l 41 . 597 45 17 33 21 44 . 625 51 24 42 20 
38.824 48 17 33 24 41 . 667 55 27 45 22 44 . 687 55 24 39 20 
38 .857 51 30 48 21 41 . 684 48 19 33 20 44 .737 51 27 45 19 
38.889 60 24 42 27 41. 711 60 17 3!) 33 44 .785 48 22 39 19 
38.958 51 18 3;j 24 41 727 51 22 3G 20 44 .920 GO 17 42 33 
39 .000 51 30 39 17 41 754 51 27 42 19 45.000 55 22 36 20 
39 043 51 19 48 33 41 . 786 45 21 39 20 45 .029 55 19 42 27 
39 . 079 45 20 33 19 41 813 55 27 39 19 45 205 51 22 39 20 
39 . 187 ·12 22 39 19 41 905 48 18 33 21 45 .215 45 22 42 19 
39 . 216 GO 17 30 27 41 986 45 22 39 19 45 . 294 55 17 42 30 
39. 273 48 22 :rn 20 42 .000 48 24 42 20 45 .333 51 27 48 20 
39 286 55 22 33 21 42 . 014 55 18 33 24 45.378 45 21 36 17 
39 298 4 I 27 42 19 42 .059 55 17 39 30 45. 455 60 22 45 27 
39.328 39 17 36 21 42 . 105 48 27 45 19 45 . 474 48 20 36 19 39 375 -1 5 21 42 20 42 . 180 51 21 33 19 45. 489 55 21 33 l!-J 39. 394 60 22 39 27 42 .308 55 17 51 39 45 500 42 20 39 18 39 464 51 24 :~!) 21 42 .353 48 30 45 17 45 .536 51 24 45 21 39 . 474 fj!, 19 -15 :3:3 42 .424 60 22 42 27 45 614 60 I!) 39 27 
39 .529 48 30 42 17 42 .500 51 27 45 20 45.714 48 21 36 18 39 .542 5,5 17 33 27 42 .545 48 22 39 20 45 818 48 22 42 20 39 .667 -'i i 27 42 20 42 . 560 55 24 39 21 45. 833 55 24 48 24 39 .699 48 21 :!3 ] !) 42 632 45 20 36 19 45 .882 48 24 39 17 39 .722 5,5 27 :in 20 42 .778 5,5 27 42 20 45 .975 45 17 33 19 39 .740 51 22 :lli 21 42 910 42 17 3:J J!) 46 .015 51 21 36 19 39. 789 42 20 36 19 42 .947 51 J!) 48 30 46 .042 51 24 39 18 39 .803 55 24 33 19 42 .969 55 24 4.5 24 46 . 184 45 20 39 19 39 .819 5:j 17 48 39 43 .015 45 24 39 17 46 .203 48 22 36 17 39.845 3!J 17 33 19 43 .052 51 22 39 21 46.316 48 18 33 19 39 886 45 22 39 20 43 .062 60 J!) 30 22 46 .324 45 24 42 17 -
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Lead of I 
Spiral A 

in Inches 

46 364 51 
46 429 GO 
46 561 55 
46 588 48 
46 667 51 
46 732 55 
46 753 4 
46 811 42 
46 .875 GO 
46 .925 45 
46 974 51 
47 039 55 
47 059 48 
47 143 55 
47 222 51 
47 273 48 
47 357 51 
47 531 55 
t\i 584 51 
47 619 GO 
47 647 45 
47 719 51 
47, 763 55 
47 81 2 51 
47 895 42 
48. 000 4 
48. 016 55 
48 125 55 
48 148 60 
48 176 42 
48 230 48 
48 246 55 
48 316 51 
48 403 48 
48 . 485 GO 
48 529 55 
48 571 51 
48 698 5fl 
48 750 55 
48 889 5.''> 
49 040 4 
49 091 51 
49 107 55 
49 123 GO 
49 160 45 
49 211 55 
49 263 48 
49 412 (if) 

49 , 471 55 
49 500 51 
49 . 524 48 
49 . 583 51 
49 624 55 
49. 653 55 
49 .675 51 
49 737 45 
49 . 850 51 
50 .000 5.=. 
50 053 48 

TABLE Or- LEADS, STANDAR D DRI VI. G tvtEC H.-\NlS 
======= ~~~~~~= = }· 

TABLE OF LEADS (46.364 to 60.6621 

I I I II Lead of I I · 
1 

II Lead of I 13 C D . Spiral A B C I D . Spiral A 
m Inches 10 I aches 

24 48 22 50 . 155 45 19 36 17 I 54 . 643 51 21 45 20 
24 39 21 50 .227 51 22 39 18 54 .678 55 19 51 27 
21 48 27 50 .329 51 24 45 19 54.737 48 19 39 18 
17 33 20 50 370 51 27 48 IS 54 .902 60 17 42 27 
27 42 17 50 .417 55 IS 33 20 55 000 55 24 48 20 
27 3!) 17 50 .526 48 21 42 HI 55.059 48 20 39 17 
21 45 22 50 649 60 22 39 21 55 250 51 20 3!) IS 
17 36 l !l 50 . 712 42 l!l 3!1 17 55. 263 55 22 42 19 
24 45 24 50 794 GO 21 48 r 55. 462 55 21 36 17 _, 
22 39 17 50 824 4 20 36 17 55 556 60 18 45 27 
24 42 1!) 50 .840 55 17 33 21 55.588 45 20 42 17 
24 :rn I!) 50 909 48 22 42 18 55.636 51 22 48 20 
27 45 17 50 . 926 55 18 4:') 9- 55 655 55 24 51 21 _, 
21 3G 20 50 980 60 17 39 27 55. 714 GO 21 3!l 20 
27 45 18 51 . 000 51 2-1 48 20 55 981 GO 22 39 I() 

22 :{fl 18 51 . 071 55 21 39 20 56 .000 48 20 42 18 
21 :19 20 51 . 136 GO 22 45 24 56 . 140 60 19 48 27 
18 42 27 51 244 51 19 42 22 56. 192 55 17 33 )!J 

22 :rn l!l 51 . 316 55 22 39 19 56. 250 55 22 45 20 
21 45 27 51 . 429 48 21 45 20 56 .368 51 20 42 I!) 
20 :-!G 17 51. 462 55 ] !) 48 27 56. 447 55 20 39 I!) 
27 4 I 9 51 . 562 55 24 45 2U 56.471 48 21 42 17 
20 33 19 51 618 45 20 3!) 17 56 .618 55 24 42 17 
24 45 20 51 675 48 22 45 ] !) 56 .667 51 24 48 18 
19 39 18 51 ,852 60 18 42 27 56 746 55 21 39 18 
21 42 20 51 944 55 20 51 27 56.842 51 19 36 17 
18 33 21 52 .000 48 20 39 18 57. 143 55 22 48 21 
24 42 20 52 .105 55 20 36 19 57 273 60 22 42 20 
18 3!) 27 52 . 159 51 22 45 20 57. 292 55 24 45 18 
20 3!) 17 52 .342 51 20 39 19 57.353 55 22 39 17 
22 42 I!) 52 .381 55 24 48 21 57 519 51 21 45 l!l 
I 9 45 27 52 .437 48 21 39 17 57, 716 55 18 51 27 
20 30 ]!) 52 500 55 22 42 20 57. 754 4S 22 45 17 
21 36 17 52 .574 55 24 39 17 57. 895 55 24 48 19 
22 48 27 52 .632 60 19 45 27 57.957 48 19 39 17 
24 36 17 52 .941 48 24 45 17 58 158 51 I 9 39 18 
24 48 21 52 .987 51 22 48 21 58 .235 55 20 36 17 
24 51 24 53 .053 48 20 42 1 !J 58. 286 51 21 48 20 
22 3fl 20 53 .070 55 18 33 l!l 58 333 55 22 42 18 
20 48 27 53 . 125 55 24 51 22 58.437 55 24 51 20 
17 33 19 53 182 60 22 39 20 58.500 51 20 39 17 
22 36 17 53 333 51 27 4S 17 58.514 45 19 42 17 
24 45 21 53 .382 55 17 33 20 58 .565 51 22 48 19 
(!) 42 27 53 .472 55 24 42 IS 58. 647 60 21 39 19 
21 3fl 17 53 . 498 48 19 :rn 17 58 .824 GO 17 45 9-_, 
lfl 51 30 53 529 42 18 ~!l 17 58 .929 55 21 45 20 
20 39 I!) 53 571 55 22 45 21 58 947 48 19 42 IS 
17 42 :m 53 684 51 24 48 19 59 . 091 60 22 39 18 
21 51 27 53 759 55 21 39 l!l 59 . 211 55 22 45 19 
17 33 20 53 904 4S 22 42 17 59. 259 r,o 18 4S 27 
21 3fl 18 53 .922 55 17 45 27 59. 294 48 20 42 17 
24 42 18 54 .000 51 20 36 17 59.500 51 20 42 18 
21 3G I 9 54 .091 51 22 42 18 59 .583 55 20 39 18 
24 39 18 54 135 4S 21 45 19 60.000 GO 21 42 20 
22 45 21 54 167 55 22 39 IS 60 084 55 21 39 Ii 
20 42 I!) 54 .276 55 I!} 45 24 60.287 60 I 9 42 22 
21 39 ]!') 

I 
54 321 5ii IS 48 27 60 .395 51 20 45 19 

24 48 22 54 ,334 45 19 ~9 17 60.501 48 21 45 17 
22 ~fl 17 54 .545 60 22 48 24 60 .662 55 li 45 I 24 
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C INCINNATI DIAL TYPE tvl lLLING 1 !:\CHI ES 
--==------}c 

TABLE OF LEADS <o0.7 14 to 107.843) 

Lead of I I Spiral :\ B 
in Inches 

60 . 71 4 55 22 51 21 66 . 873 48 19 45 17 76 471 GO 18 3fl 17 
60 789 ,5.5 211 42 19 67 105 55 22 51 J!) 76. 625 55 I !) 4.i 17 
61 11 1 .;,; 21 42 IS 67 380 liO 17 42 22 76 . 692 60 19 51 21 
61 . 176 48 18 3!) 17 67 500 51 20 45 17 77 005 (j(J 17 4S 22 
61 .300 ,'\5 HJ :rn 17 67 554 55 19 42 IS 77 193 55 l!l 4S 18 
61 364 51 22 45 17 67 669 GIi 19 45 21 77 273 60 IS 51 22 
61 .51 3 55 l!l .51 2-1 67 .941 55 20 42 17 77. 647 55 20 48 17 
61 579 60 20 3!) l!l 68 000 51 20 48 18 77 917 55 2U 51 18 
61 765 55 22 42 17 68 . 182 GO 18 45 22 78 019 60 I !) 42 17 
61 818 51 22 48 IS 68 421 60 19 :rn IS 78 571 5.5 21 51 17 
61 905 no 21 3!l 18 68 571 GO 20 48 21 78 947 GO 18 45 l!l 
62 030 55 21 45 I!l 68 750 55 20 4.j 18 79 .412 GU 17 4,'i 20 
62 338 6() 21 48 22 68 .824 GU 20 3!l I i 80 .000 51 18 4 17 
62 415 48 HJ 42 17 68 900 GU I!l 4S 2:2 80 526 GO I!l 51 2ll 
62 500 55 22 45 18 69. 328 55 21 4,'i 17 80 672 60 17 48 21 
62 567 60 22 3!) 17 69 474 .55 2U 48 I!l 80 882 ,'j!j 18 45 17 
82.632 51 )!) 42 18 69 515 60 2U 51 22 80 952 GO 18 !j( 21 
62 719 55 19 39 18 69 841 55 21 48 18 81 .734 55 19 48 17 
62 745 60 17 48 27 70 .000 60 20 42 18 81 818 611 17 51 22 
62 857 55 21 48 20 70 .098 55 18 3!l 17 82 .018 55 19 51 18 
62 963 60 18 51 27 70.301 .'i,'i '.? I 51 I !) 82 .353 611 18 42 17 
63 . 000 51 20 42 17 70 588 55 22 48 17 82 .500 55 2U 51 17 
63 088 55 20 39 17 70 .833 55 22 51 18 82 707 611 19 55 21 
63 158 55 22 48 )!) 71 053 (lO l!l 4.'i 20 83.333 611 18 55 22 
63 529 48 20 45 17 71 429 Gil 18 45 21 83 .591 60 )!) 45 17 
63 636 60 18 42 22 71 .517 55 l!l 42 17 84 211 60 18 48 19 
63 . 750 55 22 51 20 71 579 .'i i ]!) 48 18 84 .706 60 17 48 2U 
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 6U 19 48 21 85. 714 GU 17 51 21 
61 421 51 20 48 )!) 72 368 55 l!J 45 18 86 275 55 JS 48 17 
64 593 f,0 19 45 22 72 446 GU )!) 3!l 17 86 842 55 l!l 51 17 64 706 ,5.'j 21 42 17 72 727 GO 18 48 22 87. 302 60 18 55 21 61 762 51 21 48 18 72 .794 55 20 4:i 17 88.235 60 18 45 17 64 931 55 18 51 24 72 857 60 20 ,j ] 21 89 . 164 60 17 48 19 65 000 60 20 3!) 18 73 .206 GO l!J 51 22 89 . 474 GU 18 51 l!J 65. 132 55 20 45 l!l 73 .333 ,'i5 20 48 18 90 .000 60 17 51 2U 65 455 60 20 48 22 73 . 684 60 )!) 42 18 91 .667 60 18 55 20 65 476 55 21 45 18 73 816 :i5 2U 51 19 92 437 60 17 55 21 65 546 GO 21 3fl 17 73 .950 55 21 48 17 94. 118 GO 18 48 17 65 882 48 18 42 17 74 118 60 20 42 17 94 .737 GO 17 51 19 66 165 55 21 48 ]!) 74 206 55 21 51 18 96 491 60 18 55 19 66 234 GO 21 51 22 75 000 55 22 51 17 97.059 GO 17 55 20 66 316 60 20 42 ]!) 75. 490 55 18 42 17 100.000 60 17 51 18 66 409 !i5 19 3!) 17 75 ,630 60 17 45 21 102. 167 60 17 55 19 66 667 GO 21 42 18 75 789 51 19 48 17 107. 843 60 17 55 18 66 786 [i,5 21 I .'i1 20 76 . 190 60 18 48 21 
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;; TABLE OF CHANGE GEARS, APPROXIMATE ANGLES and ENGLISH LEADS FOR CUTTING SPIRALS ~ 
I - ~ 
I 

I 

00 

I! 

DIAJ\lETER OF WOHK 
Lend I I of A l3 C D 
Spirnl . 
Inches Drive.I Drin' r llr ivrn Dm-rr 

½ I }~, I h I ½ I % I ¾ I ½ I 1 11¼ J l ½ 11¾ I 2 12¼ 12½ 12¾ I 3 13¼ 13½ J 3¾ I 4 J 4½ I 5 15½ I 6 
In. Tn . In. In. In. In. In. In. In. In. In. In . In. lu . In. In . In. In. In. In. In. In. In. In . 

2.50 27 45 20 48 S¾ 17 25 32 38 43¼ 
2. 7S 20 45 30 4S S 15½ 23 W½ 35¼ 40½ 44¾ 
2. 92 21 45 30 4S 7J1 15 21 ¾ 28¼ 34 39 43¼ 
3. 24 27 33 10 4S 6¾ 13¼ I!)¾ 25¾ 31¼ 36 40½ 44¼ 
3. 70 27 33 J!l 42 6 11 ¾ 17½ 23 2S 32½36½ 40½ 
3.S9 30 36 21 45 5½ II¼ 16¾ 22 26¾ 31¼ 35¼ 39 
4. 17 3!) 33 JS 51 5¼ 10½ 15¾ 20½ 25¼ 29½ 33½ 37 43¼ 
4.46 3!) 36 21 51 4¾ 9¾ 14¾ 19¼23¾27¾31½ 35 41 ½ 
4.S6 42 36 20 4S 4½ 9 13½ 17¾ 22 25¾ 29½ 33 39 44¼ 
5.33 33 27 17 39 4 S¼ 12¼16½20¼23¾ 27¼30½36½ 44¼ 
5.44 33 39 27 42 4 S 12 16 20 23½ 26¾ 30 36 41 
6. 12 27 21 20 42 3½ 7¼ 11 14½ 17¾ 21 24¼ 27 33 37¾ 42 
6.22 33 24 19 42 3½ 7 10¾ 14¼ 17½20¾ 23¾26¾32½ 37¼41½ 
6.4S 42 27 20 4S 3¼ 6¾ 10¼ 13½ 16¾ 20 23 25¾ 31½ 36¼ 40¼ 44¼ 

I I I l I I I I I I I 
APPROXIMATE ANGLE IN DEGREES 

FOR SETTING ivflLLI NG MACH INE TABLE 

These tnbles nre of specia l convenience for q ui ckly 
setting the machine wi th proper change gcf\rs when the 
a ngle of spiral and the d iameter of a piece of work nre 
known. For e:rnrnple: To cut n spiral mill 4" diameter, 
25° angle: Follow down t he 4 • column t.o the nearest 
angle, 25¼, nnd the change gears are -18, 36 a nd 18. 

Sec pages 5-1 a nd 55 for 
lead and a ngle forr nulne 

6.67 30 36 . . . . 45 3¼ 6½ JO 13¼ 16½ 19½ 22½ 25¼ 30¾ 35¼ 39½ 43½ 
7. 29 45 27 21 48 3 6¼ 9¼ 12¼ 15 IS 20½ 23½ 2S½ 33 37 41 44¼ 
7.41 51 30 17 39 3 6 9 12 14¾ 17¾ 20¼22¾ 28¼32½ 36½ 40¼ 43¾ 
7.62 45 22 19 51 2¾ 5¾ S¾ l1½ 14½ 17¼19¾ 22¼27½ 32 36 39½ 43 
8. 33 30 39 . . . . . 36 2½ 5¼ S 10½ 13¼ 15¾ lS¼ 20½ 25½ 29½ 33½ 37 40½ 43½ 
S. 95 4S 33 24 39 2½ 5 7½ IO 12½ 14¾ 17 19¼ 24 28 31 ¾ 35¼ 3S½ 41¼ 44 
9.33 42 30 24 36 2¼ 4¾ 7¼ 9½ 11 ¾ 14 16¼ 18½23 27 30½ 34 37½40¼ 43 
9. 52 33 24 27 39 2¼ 4½ 7 9¼ 11½ 13¾ 16 IS¼ 22½ 26½ 30 33½ 36½ 39½ 42¼ 45 

10. 29 39 20 19 36 2 4¼ 6½ S¾ I0¾ 12¾ 15 17¼21 24¾ 28¼31½34½ 37½ 40 42½ 45 
10.37 42 27 24 36 2 4¼ 6½ S½ 10½ 12¾ 14¾ 17 20¾ 24½ 2S 31 ¼ 34¼ 37¼ 39¾ 42¼ 44¾ 
10.50 21 45 . . . . . 20 2 4¼ 6¼ S½ 10½ 12½ 14½ 16¾ 20½ 24¼ 27¾ 31 34 36¾ 39½ 42 44¼ 
10. 67 55 27 22 42 2 4 6¼ S¼ 10¼ 12¼ 14¼ 16.½ 20¼ 24 27¼ 30½ 33½ 36½ 39 41 ½ 43¾ 
IO. 94 4S 27 24 39 2 4 6 S¼ 10¼ 12 14 16¼ 20 23½ 26¾ 30 33 35¾ 38¼ 40¾ 43 
11.11 30 39 .. . . . 27 2 4 6 8 10 11¾ 13¾ 16 19¾ 23 26½ 29½ 32½ 35¼38 40¼ 42½ 44¾ 
11.66 36 19 24 39 1¾ 3¾ 5¾ 7½ 9½ 11¼ 13¼ 15¾ 18¾ 22 25¼ 28½ 31¼ 34 36½ 39 41¼ 43½ 
12. 00 36 39 . . . . . 30 1¾ 3¾ 5½ 7¼ 9¼ 11 12¾ 15 18¼ 21½ 24¾ 27¾ 30½ 33¼ 35¾ 38 40¼ 42½ 44¾ 
13. 12 36 19 27 39 l ½ 3½ 5¼ 6¾ 8½ 10¼ 11 ¾ 13½ 16¾ 20 22¾ 25¾ 28}:t 31 33¼ 35¾ 37¾ 40 42 43¾ 
13. 33 48 33 . . . . . 36 l ½ 3¼ 5 6½ 8¼ JO 11½ 13¼ 16½ 19½ 22½ 25½ 28 30½ 33 35¼ 37½ 39½ 41½ 43¼ 46¾ 4\J¼ 52¼ 
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13. 71 48 21 27 45 1½ 3¼ 4¾ 6½ S 9¾ 11¼ 13 16 19 22 24¾ 27¼ 30 32¼ 34½ 36½ 138¾ 40¾ 42½ 45¾ 49 51½ ----------------'-=----'-'-------'---=-------"--'---- ------------"---=-_;_;--'--'------'--=--'-'- ---=-- 0 



Lead 
of A 

Spiral 
Inches Driven 

15.24 451 15.56 42 
15.75 42 
16.87 45 
17.14 36 
18.75 45 
19.29 45 
19.59 48 
19.69 51 
21. 43 45 
22.50 45 
23.33 42 
26.25 45 
26. G7 48 
28.00 48 
30.88 45 
31.50 45 
36 .00 51 
41.14 48 
45 .00 55 
48 .00 48 
51.43 48 
60 .00 GO 
G3.00 51 
65.00 60 
70.00 60 
72.00 51 
75 .00 55 
80.00 51 
85 .00 GO 
00.00 GO 

100.00 60 
107.80 60 

L 

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

B C D DL\i\!ETER OF WORK 

~ '\ I \ 
I I 

C'l 0 a> )> 

½ I ¼ I ¾ I ½ I ¾ I ¾ I ½ I l I I¼ I I½ I 1¾ I 2 I 2¼ I 2½ I 2¾ I 3 I 3¼ I 3½ 1 3¾ I 4 14½ I 5 I 5½ I 6 
Dri\'er Driven Dri\'Cr In. In. In. In. In. Jn. In. In. In. In. In. In. In. In. In. In. In. In. In. In. In. In. In. Ju. ~ 

Cu 

11 I 19 33 1½ 3 4½ 5¾ 7¼ 8¾ 10¼ 11¾ 14½ li¼ 20 22½ 25 27¼ 29½ 31¾ 34 35¾,37¾ 39½ 42¾ 46 48½ 51 
36 .... . 27 l¼ 2¾ 4¼ 5¾ 7¼ 8¾ 10 11½ 14¼ 17 19½ 22 24½ 27 29 31¼ 33¼ 35¼ 37 39 42¼ 45¼ 48 50½ 
24 27 30 l¼ 2¾ 4¼ 5½ 7 8½ 9¾ 11¼ 14 16¾ 19¼ 21¾ 24¼ 26½ 28¾ 31 33 35 36¾ 38½ 42 45 47½ 50 
24 27 30 1¼ 2½ 4 5¼ 6¾ 7¾ 9¼ 10½ 13¼ 15¾ 18¼ 20½ 22¾25 27 29¼ 31¼ 33¼ 35 36½ 39¾ 43 45¾ 48¼ 
39 ..... 21 1¼ 2½ 4 5¼ 6½ 7¾ 9 10¼ 13 15½ 17¾ 20¼ 22¼24¾ 26¾ 29 30¾ 32¾ 34½ 36 39½ 42½ 45¼ 47¾ 36 .. ... 24 1 2¼ 3½ 4¾ 6 7¼ 8¼ 9½ 12 14¼ 16¼ 18½ 20¾ 22¾ 25 26¾ 28½ 30¼ 32 33¾ 37 39¾ 42¾ 45 21 27 30 1 2¼ 3½ 4½ 5¾ 7 8 9¼ 11½ 13¾ 16 18¼ 20¼ 22¼ 24 26 28 29¾ 31½ 33 36¼ 38¾ 42 44½ 21 36 42 I 2¼ 3¼ 4½ 5¾ 6¾ 8 9¼ 11½ 13½ 15¾ 18 20 22 23¾ 25¾ 27½ 29¼ 31 32¾ 35¾ 38¾ 41½ 44 I 9 33 45 1 2¼ 3¼ 4½ 5¾ 6¾ 8 9 11½ 13½ 15¾ 17¾ 20 21¾ 23¾ 25½ 27½ 29¼ 31 32½ 35¾ 38½ 41¼ 43¾ 36 . ... . 21 l 2 3¼ 4¼ 5¼ 6¼ 7½ 8½ 10½ 12½ 14½ 16½ 18½ 20¼ 22 23¾ 25½ 27¼ 29 30¼ 33½ 36¼ 38¾ 41¼ 36 ..... 20 1 2 3 4 5 6 7 8 10 12 13¾ 15¾ 17½ 19¼ 21 22¾ 24½ 27 27¾ 29¼ 32¼ 35 37½ 40 36 . . . . . 18 1 2 3 4 5 5¾ 6¾ 7¾ 9¾ II½ 13¼ 15¼ 17 18¾ 20¼ 22 23½ 25¼ 27 28¼ 31¼ 34 36¾ 39 30 42 24 I 1¾ 2¾ 3½ 4¼ 5 6 7 8½ 10¼ 12 13½ 15 16¾ 18¼ 19¾ 21¼ 22¾ 24¼ 25½ 28¼ 31 33¼ 35¾ 36 . . ... 18 ¾ 1¾ 2¾ 3½ 4¼ 5 6 6¾ 8½ 10 11¾ 13¼ 14¾ 16½ 18 19½ 21 22¼ 23¾ 25¼ 28 30½ 31¼ 35¼ 30 42 24 ¾ 1¾ 2½ 3¼ 4 4¾ 5¾ 6½ 8 9½ 11¼ 12¾ 14¼ 15¾ 17¼ 18¾ 20 21½ 22¾ 24 26¾ 20¼ 31 ¾ 34 36 42 17 ¾ 1½ 2¼ 3 3¾ 4½ 5 5¾ 7¼ 8¾ 10 II½ 13 14¼ 15½ 17 18½ l !l½ 21 22 26 27 2!>¼ 31½ 30 42 20 ¾ 1½ 2¼ 3 3½ 4¼ 5 5¾ 7¼ 8½ 10 11¼ 12¾ 14 15¼ 16½ 18 19¼ 20½ 21¾ 24¼ 26½ 28¾ 31 30 36 17 ½ l¼ 2 2½ 3¼ 3¾ 4½ 5 6¼ 7½ 8¾ 10 11 12¼ 13½ 14¾ 16 17 18¼ t!)¼ 21½ 23½ 25¾ 27¾ 21 36 20 ½ I 1¾ 2¼ 2¾ 3¼ 4 4½ 5½ 6½ 7¾ 8¾ 9¾ 10¾ 11 ¾ 13 14 15 16 17 t!) 21 22¾ 24½ 22 36 20 ½ 1 1½ 2 2½ 3 3½ 4 5 6 7 8 9 10 11 11 ¾ 12¾ 13¾ 14¾ 15½ 17½ 19¼ 21 22¾ 21 42 20 ½ 1 l½ 2 2½ 3 3¼ 3¾ 4¾ 5½ 6½ 7½ 8½ 9¼ IO¼ 11¼ 12 13 13¾ 14½ 16½ 18 19¾ 21½ 21 45 20 ½ ¾ 1½ 1¾ 2¼ 2¾ 3 3½ 4½ 5¼ 6 7 7¾ 8¾ !>½ 10½ 11¼ 12 12¾ 13¾ 14¾ 17 18½ 20 21 42 20 ½ ¾ l¼ I½ 2 2¾ 2½ 3 3¾ 4½ 5¼ 6 6¾ 7½ 8¼ 9 9½ 10¼ 11 II¾ 13¼ 14¾ 16 17½ 20 42 17 ¼ ¾ 1 l ½ l ¾ 2¼ 2½ 2¾ 3½ 4¼ 5 5¾ 6½ 7 7¾ 8½ 9¼ JO 10½ 11¼ 12¾ 14 15¼ 16¾ 20 39 18 ¾ ¾ I l½ I¾ 2 2½ 2¾ 3½ 4¾ 4¾ 5½ 6¾ 7 7½ 8¼ 9 9½ 10¼ II 12¼ 13½ 15 16¼ 20 42 18 ¼ ¾ 1 1¼ I½ 2 2¼ 2½ 3¼ 3¾ 4½ 5¼ 5¾ 6½ 7 7¾ 8¼ 9 9½ 10¼ 11½ 12¾ 13¾ 15 20 48 17 ¼ ½ 1 1¼ 1½ 2 2¼ 2½ 3 3¾ 4¼ 5 5½ 6¼ 6¾ 7½ 8 8¾ 9¼ 10 11 12¼ 13½ 14%" 22 51 17 ¼ ½ 1 I¼ 1½ I¾ 2 2½ 3 3½ 4¼ 4¾ 5½ 6 6½ 7¼ 7¾ 8¼ 9 9½ 10¾ ll¾ 13 14 18 48 17 ¾ ½ ¾ 1¼ I½ l ¾ 2 2¼ 2¾ 3¼ 4 4½ 5 5½ 6¼ 6¾ 7¼ 7¾ 8½ 9 JO½ 11 12¼ 13¼ 18 51 20 ¼ ½ ¾ l I¼ 1½ 1¾ 2 2¾ 3¼ 3¾ 4¼ 4¾ 5¼ 5¾ 6¼ 6¾ 7¼ 8 8½ 9½ 10½ 11 ½ 12½ 17 51 20 ¼ ½ ¾ 1 l¼ I½ 1~ 2 2½ 3 3½ 4 4½ 5 5½ 6 6½ 7 1½ 8 9 10 10¾ ll ¾ 17 51 18 .. '. ½ ¾ 1 I¼ 1½ JI 1¾ 2¼ 2¾ 3¼ 3½ 4 4½ 5 5½ 5¾ G¼ 6¾ 7¼ 8 9 9¾ 10¾ 17 55 18 ... . ½ ¾ ¾ I I¼ l ½ I¾ 2 2½ 3 3¼ 3¾ 4¼ 4½ 5 5½ 5¾ 6¼ 6¾ 1½ 8¼ 9 JO 
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Diameter of 
Mill, Inches 

1/s 
½ 
% 
¾ 
½ 

1 
l½ 
I¼ 
11/s 
l½ 
I¾ 
2 
2¼ 
2½ 
2¾ 
3 
3¼ 
3½ 
3¾ 
4 

Diameter of 
Mill, Jnches 

½ 
¼ 
¾ 
½ 

1 
I¼ 
1½ 
l¾ 
2 
2¼ 
2½ 
2¾ 
3 
3¼ 
3½ 
3¾ 
4 
4¼ 
4½ 
4¾ 
5 
5¼ 
5½ 
5¾ 
6 

INCINNATI D IAL TYPE M ILLING M i\ HINES 
=~~~~~========1 

ENGLISH LEADS AND CHANGE GEARS 
FOR MILLING SPIRAL END MILLS 

Set Machine Table to Angle of Approximately 20 Degrees 

I.end in Driven D river Driven 
Inches A B C 

3.24 27 33 19 
4.32 36 33 19 
5.40 45 33 19 
6.48 42 27 20 
7.56 42 22 19 
8.64 42 27 20 
9.72 45 27 21 

lU 79 36 20 27 
11 . 87 36 21 27 
12.94 22 45 
15. 11 48 22 27 
17.26 51 19 27 
19 41 33 36 . . 
21. 58 51 20 33 
23 .73 55 17 22 
25.88 55 17 36 
28.05 51 30 33 
30.22 51 30 48 
32.38 51 27 36 
34.53 51 24 39 

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

I.end in Driven Driver Driven 
Jnches A B C 

3.37 27 33 21 
4.22 27 24 18 
5.05 30 33 20 
5.89 33 36 27 
6.74 39 27 21 
8.42 48 19 17 

10. 11 42 22 27 
I I. 79 42 19 42 
13.47 36 21 33 
15. IG 48 19 27 
16.84 48 19 30 
18.53 42 17 36 
20 . 20 60 27 30 
21 . 90 48 19 39 
23.58 48 19 42 
25.26 48 33 
26 .95 42 33 36 
28.63 51 19 48 
30.32 48 30 36 
32.00 48 21 42 
33.69 45 33 42 
35.37 48 30 42 
37.06 45 30 42 
38.76 45 22 36 
40.43 42 22 36 

-

Driver 
D 

48 
48 
48 
48 
48 
36 
36 
45 
39 
17 
39 
42 
17 
39 
30 
45 
20 
27 
21 
24 

Driver 
D 

51 
48 
36 
42 
45 
51 
51 
45 
42 
45 
45 
48 
33 
45 
45 
19 
17 
45 
19 
30 
17 
19 
17 
19 
17 
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T1\BLC OF NATURAL TANGENTS l ., 

j" 

TABLE OF TANGENTS 
(N a tural Tangents at Int ervals of ¼ 0

) 

., ..., 
VJ VJ !!' 'll .,, ., ., ..., 

CJ C CJ §; <.> 5 C) c3 "' c3 ::, C "' C: 

~ 
CJ :: :: c., ~ "' <.> CJ 
tJ) t:ll t:ll ti) t:ll ti) ~ t:ll ... tJ) 

tJ) C tJ) so C: C: e::o ; t.O 2 CJ c:: CJ ~ CJ C: CJ c:: <, 2 CJ CJ 

Cl E-< Q Q E-< Q E-< Q E-< A ,.., A E-< 

o· .0000 13° . 2.;09 26 ° .•1 77 39 ° 00S 52 ° l 9 'O 65° 2 145 78° .J. 705 
¼ .00-1-1 13¼ 2.$,jj 26¼ . •1!131 3t1¼ 170 52Y: 1 2v2 65¼ 2 16V 78¼ 4 .808 
½ .00 7 13 1~ 2-101 2G ½ . '.!.9S6 3V½ 2-11 52 1~ l 303 65~~ 2 . JV4 78½ 4 .9 15 

¾ 013 1 13¾ 2,147 '2G¾ ,50,10 3!J¾ S317 - 9 1; 1.315 5-:i / 2 220 78¾ 5 .027 0 - ,.( 0 , .1 
1 o .0175 14 ° 2-i\J3 27 ° .5095 40° J91 53 ° 1 .327 6G 0 2 2-16 79° 5 . 145 
I¼ .021 14¼ :2540 27¼ .5 1.50 40¼ -166 V:3!1 1.339 6G;{ 2 273 79¼ 5 . 267 
l½ .02G2 14\,~ 2,j' '6 27 1,1 5206 40),,:! 5,11 . ._ , ; 

1 a.~1 6G} 1 2 300 79Vi 5 396 , ),.) .. 
1% .0306 M¾ 20::!3 27¾ 5261 ,JU¾ SG!l ,-,:; 'Vi l 36-1 6G¾ 2 3:!.'< 79¾ 5 .530 
2· .03-19 15° 2G, O 21:: • 5::)17 ii l 0 SG\J3 54 ° l 376 G7 ° 2 3,-,r, ao 0 5 671 
2¼ .0393 15¼ 272li 2 ~'.(: . ;):;7:i -11 ¼ 7i0 5.1 ! 1 l 3 9 G7¼ 2 3~ SO¼ 5 S20 
2½ 0-137 15!,1 .2773 28½ . b· l30 ·11½ ,,47 ;j I! l 1 -102 GI~:! 2 .-! 1-! SO½ 5.976 
2¾ 0 1. 0 15¾ .2S20 28¾ .5-10G -11 ¾ S92.'> .'i l } 'j' J •!l:i 67¾ 2 . 4•J4 80¾ 6. 140 
30 0,-,2.1 16° 2 G7 29 ° S.i43 42 ° 9001 55 ° l .1:2,,, f8 ° 2 -175 81° 6 .314 
3¼ O.iG 16¼ . WIS :.Wt{ . 5GOO '12¼ .DO 3 55½ l -;!-12 G'¼ 2 507 SI¼ 6.497 
3½ .06 12 ]61,(, 2!JG2 ~91,(i .5G5S -m~ 9 1G:l - - I 1 ,!,')5 G "'t~ 2 53\J SI ½ 6 .691 ,1V ·> 

3¾ 0655 16¾ 3010 :~'.J ¾ 571G 42¾ .9:2-H [,:)}.~ l -lli9 G~% 2 572 SI ¾ 6 .897 
40 . 0609 17° 3057 30° .5774 43 ° 032:'i 56 ° 1 4-;3 69 ° 2 605 82° 7 . I 15 
4¼ .07'13 17 ¼ . 3 1Q:j 30¼ . 5 32 4:.!¼ . !J.107 56}<( 1 -197 (i!J¼ 2 G~!l S2¼ 7 .348 
4½ . 07S7 17½ ~l 15:l :)o • ✓,; . 5S00 43),,:i . 0-1!10 ;",QI ,(, 1 511 GV~~ 2 675 S2½ 7 .596 
4¾ 0 31 17¾ 3201 JO'¼ . 5!).1!) 4:~¾ .057:l 55:1{ 1 ;j25 6!1¾ 2 71 I S2¾ 7.861 
50 0" 75 13 0 3240 31 ° 600\J 44 ° .9657 57° ;i.lQ 70° 2 . 7-i~ 83° 8 . 144 
5¼ .OOU) l ¼ 32!) 31 ¼ . G068 4-1¼ 97-12 5n1 ;ji'J j i O¼ 2 785 83¼ 8 44!) 
5½ 0061 18 ½ 3:.!46 3 1' 2 . Gl~8 4-1½ .0S27 57 1~ 1 . 570 ;01 -~ 2 .82·1 S3}~ S.777 
5¾ . 1007 1 ¾ 33% 3 1¾ 6 1 s 4-1¾ . !l!l13 57~1 1 5 .. .?l 'iO~i 2. 86-1 83¾ 9 131 
s· . 105 1 19 ° 34-13 32° 6'2-1!1 45 ° I 000 53° I GOO 71 ° 2 !lO I 84 ° 9 .514 
6¼ 1005 19¼ 3402 32¼ .0310 45¼ l 009 .- '1/. l GIG 711/i 2 0-Ui SH1 0 . 931 0 •I 
6½ . 113!) l !J I ,(, .3541 32½ . G371 '1:>! 2 ] OIS 5½ l G:32 71 I ,; 2 !)8!) ~I;,_; 10 .385 
6¾ . 11 ·I J!l¾ 3590 32¾ G432 45¾ J 027 5~:!1 1 6-t' 71¾ 3 o:n R-1¾ 10 .8S3 
70 . 1228 20° . 364 0 33° 6-19-1 46° 1 0::1; 59° l 6G-! 720 3 OiS 85° l l 430 
7¼ 1272 20¼ 368!) 33¼ 6:"156 1!6¼ l 0-1,'i 59,Y.( l 6 ' l 72¼ 3 12-1 85¼ 12 035 
7½ 1:1 17 20½ .373!) 33 ½ . 6619 46 1,,{, l o,-,4 5!l '1 1 C!JS 12J1 3 172 S5.h 12 706 
7¾ . 13G l 20 ¾ 3789 33¾ 66S2 46¾ 1 06:3 59¾ 1.71:i 72¾ 3 221 S5¾ 13 457 
a· . l-105 21 ° .3839 34 ° . 6745 47° l 072 60° 1 73'.Z 73 ° 3 :271 86° 1-! 301 
8¼ . 1150 2 1¼ .3889 3-1¼ .6 09 ,11 ).{ .I OS2 60¼ I 7:,0 -•q / 3 3:.!3 86¼ 15 . 257 I <>,.1 

B½ . 1-195 2 1½ .393!) 3-1½ .6S73 4i~ (, ] G9 1 60 1:S l 76S 7:;1t, 3 .3i6 S61 ~ 16 350 
B¾ . 153!) 2 1¾ .3990 3-1 ¾ 6037 47¾ I 101 60}{. l .7~G 7:l¾ 3 . 431 Rf1¾ 17 . 610 
90 . J.'i 4 22 ° 40-10 35 ° 7002 48° 1 111 61 ° l .~Q,J 74 ° 3 . 4R7 87° 19 . 0S1 
9¼ . 162!) 22¼ . 4091 35¼ .7067 4¼ I 120 61¼ I 8:?3 7.P.1 3 5-16 S7¼ 20 819 
!l½ .1673 22½ .4 142 35 1,1 .7133 4S½ 1 130 61 Vi 1 84:2 7-1! ~ 3 60G 87;,~ 22 004 
9¾ . 171 22¾ .4193 35¾ .7l!l!l 4, '¾ 1 140 61~4 I Sul 7-1¾ 3 GGS 87¾ 2-1 . 452 

10° . 1763 23 ° .4245 36 ° .726:, 49° 1 1.:;o 62° l ' l 75 ° 3 732 as· 2S .636 
ID¼ . 1808 23¼ . 4296 36¼ .7332 40¼ 1 . 161 6:!L( 1 !101 75¼ 3 i'!IS SS¼ 3'.?.730 
10½ . 1S53 23 11 . 4348 36½ .7400 49½ 1 . 171 G'.?}1 I 9:.!l 75! ~ 3 SG7 S81~ 38 1S8 
ID¾ . 1 09 23¾ . 4400 36¾ .7467 40¾ l ISi 5•,:\ ,, 1 0-12 7:i¾ 3 91S SS¾ 45 S29 - •·I 
11 ° . 1944 24° 4452 37° .753(i so0 1 )!)2 63° 1 . 963 76° 4 011 89° 57 . 29 
11¼ . 1989 24¼ .4-'i05 37¼ .760-1 50¼ I 202 63¼ l !11'4 7fi¼ 4 .087 S!l¼'. 76 .39 
11½ . 203,'i 24½ .4557 37H 7673 50½ 1 213 63 1:, 2 OOfi 761 ~ 4 . lo5 S!Jl ~ 11 4.59 
11 ¾ . 20 0 24¾ .4610 37¾ .77-13 50¾ 1 224 633{ 2 .0:!S 7G¾ 4 247 S9~{ 229 . 18 
12° 2126 25° .4663 38° .7813 51° 1 23:i 64° 2 O:iO 770 4 .332 90° 
12¼ .2 171 25¼ .47Hl 3S¼ 7S83 511{ 1 246 6-1¼ 2 073 77¼ 4 41!) 
12½ . 2217 25½ .4770 3S½ .7!l:54 51½ 1.2.">7 64 1 ~ 2 . 0H7 771.:, 4 .511 
12¾ . 2263 25¾ .4 23 3S¾ .S026 51¾ 1 .26!) 6,(3<f 2 . 120 _77~j 4 605 ------

- [ 121 I 
Publh·a t ic,u ~l,. )l -~7j-G 



CINCINNATI DIAL TYPE MILLING MACHINES 
·£===~ ~~~ ~~~===== ===}0 

ORDERING REPAIR PARTS 

You will receive quicker service when ordering repair parts if you wil l 
adhere to the fol lo\\'i ng procedure: 

I. State amount wanted. 

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

(a) Parts catalog. 

(b) Part numbe r sram1"'ed on part 

(c) Prior in voice 

3. Give complete serial number of machine. The serial number will 
be found stamped in two places: Horizonta l Machines , on the face o f 
the column near the spindle, and fron t of the table nea r the right hand 
end. Vertical Machines. top of the scraped bea ring fo r t he knee and 
rront of the table near the ri ght hand encl . 

4. Specify each individual piece required. I ( only certa in pa rts o f a 
uni t are required , never use the \\·ord "com1 lete": it a lways ra ises 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 cost ly to you for us to suppl~, 
addit ional related pieces, especially if part \\'anted is obsolete. 

5. Specify how and where to ship. Do not say " Ship quickest wa y". 
Be dehnite and sta te the agency oesirecl . tha t is :- f\ir tvlail. Parcel 
Post. Special Delivery. Express, 1Vlotor Freight. Rail rreight, etc . 
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