






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































LAPPING HOLES 1231

Rotate cutter slowly in opposite direction of revolution of
lathe and at same time press hard with thumbs and move
cutter slowly
back and forth
as indicated by
arrows. Wipe
hole in cutter,
clean and test .
with plug gage
D or with inside
micrometer E.
Repeat until
gage fits hole
freely.

Attention.—
Holes in milling cutters shrink in hardening. In manufac-
turing cutters in large lots, the holes are usually ground.

Warning.—By plac-
ing cutter on lap with
teeth toward back of
lathe, injury to hands
may be avoided.

31. Lapping holes
in machine parts.
Commercial lapping,
A, A,/ Fig. 26.—
Holes in machine
parts are often lapped
to correct errors of
under size, roughness,
» roundness, taper, etc.

Make lap B as in

detail. Turn and bore

C and striker D. Saw
three slots in C also copper tube E. Grip C in chuck and
run lathe at high speed. Charge lap with 120 grain emery
and machine oil from box F and lap hole to size by passing

F1a. 25. — LarPING HoLE IN MiILLING CUTTER.

”
Fig. 26. — LapPING HoLES IN MACHINE
Parts. CoMMERcCIAL LAPPING.
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ADVANCED MACHINE WORK

work back and forth on lap. Test work with limit gag-
G, H. When lap wears, expand by striking D’ light bles

with Babbitt block K.

MAKING PLUG GAGE

32. To prepare standard plug-gage blank for grinding

Fig. 27.

TURN
&_ > SMOOTH o
- Lo020"

L

F1a. 27. — ScHEDULE DRAWING.

Specifications: Material, annealed carbon steel §”’ large; weight
Hardness, 20 to 25 (scleroscope).

11b. 8 oz.

o

%ﬁﬁ_ﬁéﬁ%—Ar

High-speed steel, or stellite cutting tools.

Time: Study drawing and schedule in advance, 5 min. — Qi
lathe, 4 min. — Prepare gage blank, 1 h. 10 min. — Harden, 20 min.
— Lap center holes and polish, 10 min. — Clean machines, 6 min.

— Total, 1 h. 55 min.

SCHEDULE OF OPERATIONS, MACHINES AND TOOLS

OPERATIONS.

MAcHINES, SPEEDS,
FErDs.

Toous.

Center to ;" (1), (2).

See that live center is nearly
true and dead center in ap-
proximate alinement.

Rough square ¢;" long (1), (%).

Recenter to & ".

Rough turn whole length to
1¢%”, (8), one cut. Turn
half way, reverse and turn
other half.

Draw line (4), 13/ from gage
end.

Engine lathe, 12” to
167,

2d or 3d speed, or 40
F.P.M.

1st or 2d speed, or 40
F.P.M. Medium
power feed — 80 to
17,

Vise, copper jaws,

Dog, holder and cut-
ter 30° rake, cali-
pers, rule.

Holder and cutter
30° rake, copper,
calipers, rule.

Copper sulphate,
rule, scriber.
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Rough and finish turn handle
(8), two cuts.

Nurl (). See p. 636.

True live center.
Recenter ¥, (7), (8).

Finish square to length 5", (1),
(2).

Rough and finish turn reduced
part (9), two or three cuts.

File (9).
Round (16).

Turn gage part (11), 1.020”,
one or two cuts.

Polish ends (1), (%), and re-
duced part (9).

File flats on opposite sides (12),
(13), or
Mill flats (12), (13).

Stamp size and name (13), (183).
Harden gage. See Information.

To lap center holes, see p. 1228.

Clean and polish ends (1), (2),
reduced part (9), and flats
(12), (13).

To grind, see p. 1234. |

2d or 3d speed, or 40
F.P.M. Medium
power feed — 80 to
17,

-2d speed, or 40 F.P.M.
Medium power feed
— 80 to 17,

Speed lathe, 3d speed,
or 400 R.P.M.

Engine lathe, 3d or
4th speed, or 60
F.P.M. Hand feed.

3d speed, or 40 F.P.M.
Fine power feed —
140 to 1”7,

4th speed, or 175
F.P.M.

.......................

3d speed, or 60 F.P.M.
Medium power feed
— 80 to 17,

Speed lathe, highest
speed.

Vise, copper jaws.

Milling machine, 3d
speed. Medium
power feed.

Vise, copper jaws.

Gas furnace, or forge,
1325° F. to 1350° F.

Medium nurling
tool, oil.

Drill chuck, combi-
nation drill and
countersink.

7” or 8II
smooth file.

8” or 10” mill-bas-
tard file.

2’ micrometer.

pillar-

90 and 120 emery
cloth, thin polish-
ing stick, oil.

7’ or8" pillar-smooth
file.

§” milling cutter,
milling machine
vise or §” end
mill, index head
with centers, rule.

§’’ steel figures and
letters, hammer.

Tongs, water, sperm
oil, hand-smooth
file.

Information. — To make a plug gage glass hard and the handle
jet black, heat gage to a bright red and dip endwise (gage part only)
in water and move about for eight seconds. Time may be estimated
by counting as follows: one-thou-zan-one, one-thou-zan-fwo, one-thou-

zan-three, one-thou-zan-four, one-thou-zan-

, one-thou-zan-8iz, one-

thou-zan-seven, one-thou-zan-eight. Then plunge whole gage into oil

and move about until cold.
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33. To grind standard plug gage on two dead centers,

Fig. 28.

F16. 28. — ScHEDULE DrAWING.

Specifications: Plug gage blank, carbon steel turned 1.020’’ diam-
eter, stamped, hardened and handle black.

Center holes, (14), (15), lapped.

Machines and tools: Universal grinding machine.

Grinding wheel 12" X 1", No. 80 K, vitrified, grinding dog.

Speed of wheel, 5000 F.P.M. Speed of work, 50 F.P.M.

Feed § width of wheel per revolution.

Oil bearings and two dead centers with machine oil.

Lubricant, solution of sal soda and water.

Time: Study drawing and schedule in advance, 5 min. — Oil
machine and true wheel, 7 min. — Grind gage, 25 min. with machine
‘“gset up.” — Clean machine, 3 min. — Total, 40 min. (“Set up "
machine to grind straight, 25 min. extra.)

SCHEDULE OF OPERATIONS

I. Preparatory Adjustments.
True wheel (see p. T09) and cen-
ters (see p. T10). Set zero lines
on headstock and swivel table to
grind approximately straight. See
p. T12. Arrange water guards.
See p. T15. Move grinding
wheel back with hand cross-feed
wheel 8 to allow space to mount
work. Use grinding dog with
copper under set screw. Mount
work on centers. Start grinding
wheel, work and feed, 1, 2, 3, and
adjust dogs 6, 7, to length of
stroke. Set automatic feed 11,
12, to feed .001” (four teeth) at
each end of stroke.

II. Grind Trial Diameter (16),

Fig. 28. (Grind out tool marks
only.) Move grinding wheel to
cut revolving work lightly with
hand cross-feed wheel 8. Turn
on water and throw in feed pawl
9 to mesh with ratchet wheel 10
and allow automatic cross feed
to take four or five trial cuts
whole length of work to grind
out tool marks. Then throw
out pawl 9 and without moving
cross feed, allow wheel to pass
over work several times wntil
cutting nearly dies out.

Stop wheel, work and feed, 1, 2,
3, with wheel at footstock end.

IIL Correct Straightness. Meas-
ure work at both ends with 2”
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micrometer and if not straight,
move swivel table (see p. T12).
Take one or two cuts with auto-
matic cross feed. Measure and
repeat until machine grinds
straight. If there is danger there-
by of grinding gage too small, use
trial piece same length.

IV. Find Amount Oversize.
Measure work with 2"/ microm-
eter. Subtract rough diameter of
work 1.0040"’ from reading of mi-
crometer. For example, reading
of micrometer may be 1.0140”,
then 1.0140"" — 1.0040"”" = .0100"”
or 40 teeth for rough grinding.

V. Set Automatic Cross Feed.
Raise perpendicular latch 13 in
head 14, throw in pawl 9 and
without moving cross feed, move
shield 15 to right or left until end
of shield and pawl are 40 teeth
apart, then drop latch 13 in
ratchet wheel 10.

V1. Rough Grind (16), .0040"”
Large, Fig. 28, as follows: Start
wheel, work and feed 1, 2, 3, and
rough grind automatically until
shield 15 lifts pawl 9. Then
lock latch head 14 with horizontal
latch 16, throw out pawl 9 and
allow wheel to pass over work
several times until cutting nearly
dies out. Stop work with wheel

at footstock end and measure.
For example, work may measure
1.004".

VIL Finish Grind (17), Fig.
28, with pinch feed (1/1000” in
diameter of work), as follows:
Start work. Take two cuts
4/1000” each (two pinches at
each end of work). Stop wheel,
work and feed 1, 2, 3, and
measure gage. It may measure
1.0030”. Also measure gage at
both ends for straightness with
micrometer, or take gage out of
machine and measure with special
measuringmachine, pp.1236,1237.
Start wheel work and feed and
pinch twice at footstock end.
Measure = 1.0025"’. Pinch twice
and let wheel pass over work sev-
eral times. Measure = 1.0015"".
Pinch twice and let wheel pass
over work several times and meas-
ure (1.0010”). As there is some
vibration in machine, it is best
to grind to size as follows: Take
one cut and measure 1.0007".
Then let wheel pass over work
without moving cross feed and it
may measure 1.0004”. If still
large, again let wheel pass over
work without moving cross feed.
Limit 1.0004” to 1.0003"". Clean
machine with waste.

Attention. — A gage hardened, ground and lapped without season-
ing may shrink about one-twenty-thousandth of an inch in six months.
To season properly a gage should be hardened, then laid away from
six months to a year to relieve internal stresses, and allowed to shrink;
but if gage must be finished at once, heat to about 400° F. after hard-

ening and cool in water.

Do this three times.

Note. — Gages are often made as follows: Rough ground to 1.004”,
seasoned, then finished ground to 1.0004" and lapped to size.



1236 ADVANCED MACHINE WORK

MEASURING MACHINE

34. Twenty-four-inch standard measuring machine, Fig. 29.
This instrument is for originating standard gages and for other
measurements of precision.

The bed is supported on three points, with V ways for the
sliding and fixed heads; the spindles are provided with
measuring faces. :

36. The sliding head carries the spindle Precision Screw,
linear scale and graduated index wheel. The Precision Screw
on some machines has 50 threads per inch, on others 25 threads.

36. For Precision Screw with 50 threads the turns of index
wheel are indicated on linear scale graduated into 50 divisions
to the inch; each 20/1000” = .020”. The fractional part
of a turn is indicated by graduations on index wheel which
has 400 divisions, each 1,/20,000".

37. For Precision Screw with 25 threads the turns of index
wheel are indicated on linear scale graduated into 25 divisions
to the inch; each 40/1000"" = .040"”. The fractional part of a
turn is indicated by graduations on index wheel which has 400
divisions, each 1/10,000”.

By estimation, a division may be subdivided to indicate
one-half, one-quarter or one-fifth of a division. Variation
within a limit of 1/100,000” may be determined.

Fixed head. —In the fixed head is a sliding spindle kept in
place by a helical spring. This spindle carries one of the
auxiliary jaws while the other jaw is fastened to the head.

Contact indicators. — To indicate when contact is made be-
tween measuring faces and work, a small cylindrical gage is
placed between the auxiliary jaws in a horizontal position.
‘When measurement is obtained, gage drops to a vertical
position.

In Fig. 29 the auxiliary jaws are connected with an elec-
trical buzzer which announces contact of work and measuring
faces.

To clean machine. — With a soft woolen cloth wipe oil and
dirt from finished parts, and other parts with waste. Ben-
zine may be used to clean plugs in reference bar, followed by
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kerosene to prevent rusting. To remove dust from polished
surfaces of graduated plugs use a camel’s-bair brush. The

lenses are cleaned with alcohol and chamois skin.

When

setting and measuring clean measuring faces with paper.
38. To measure standard plug gage with 24" standard
measuring machine. Precision Screw, 650 threads to 1”, Fig.

29. ’

F1a. 29. — MEAsURING " STANDARD PLUG GAGE.

SCHEDULE OF OPERATIONS

Oil slides and bearings with
machine oil and Precision Screw
with porpoise oil.

To set at zero.

Clean measuring faces with
paper.

Run screw to zero of linear
scale 4, Fig. 29.

Adjust pointer B, graduated in-
dex wheel C, nearly to zero and
slide head D until measuring
faces E, F, are nearly in contact.
Clamp fine adjustment G, throw
in switch H which operates buzzer
K, and adjust sliding head with
screw L (not shown), until buzzer
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shows tendency to stop. Clamp |
sliding head with lever M and
adjust index wheel until buzzer
stops, then set pointer at zero on
graduated index wheel.

Clean gage N and place it be-
tween cleaned measuring faces of
machine. :

Throw in switch and adjust
index wheel until buzzer stops.
Count whole number of divisions
on linear scale and multiply by
.020”” then add divisions on in-
dex wheel multiplied by 1,/20000"
or .00005"" and the result will be

the size.

For example: There are 37 di-
visions on the scale which gives
37 X .020” = .740”. Then we
read 201 divisions on index wheel
which give 201 X 1/20000”’. 201
X .00005” = .01005", adding we
have .740" + .01005” = .75005",
or .750"" + 1/20000".

Attention. — A variation of tem-
perature of 1° in a 1" gage will
change its size about 1,/100000".

For example: Holding a 1”
gage a few minutes in the hand
may increase its temperature 10°
and its size 1/10000".

39. To test 6}’ end-measuring rod with 24" standard

measuring machine.
Fig. 29.

SCHEDULE OF

Adjust machine as for one inch.
Raise cover from standard bar P
attached to back of machine and
clean plug T with benzine.

To focus, lower microscope Q
to stop collar, and clamp.

Adjust hair line in eyepiece R
to coincide with hair line on hard-
ened steel plug S.

Unclamp sliding head and move
to fifth plug 7' without disturbing
eyepiece. Clamp fine adjust-
ment G and adjust sliding head
with 'screw L until hair line in eye-
piece coincides with hair line on
bar. Clamp head with lever M.

Place end-measuring rod be-
tween measuring faces and read,
as follows: To the reading on
standard bar (5") add the follow-

ing: Count number of whole

Precision Screw, 25 threads to 1",

OPERATIONS

divisions on linear scale (12 divi-
sions) and multiply by .040".
Count divisions on index wheel
(200 divisions) and multiply by
1/10000” or .0001” and result
will be the length.

Ezample. — 5" + (12 X .040")
=.480""+ (200 X .0001"") = .0200"".
Adding we have 5’ + 480" +
.0200” = 5.500".

Attention. — Two supports are
provided for long work, as at U.

Information. — English ma-
chines are standard at 62° F. and
metric machines at 0°C. For
practical work, it is not necessary
to use these machines at these
temperatures as variations caused
by heat or cold affect machine
and work alike.
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SPIRAL MILLING

40. Spirals are used on twist drills, milling cutters and
counterbores, and in machine construction for spiral gears,
cams, etc. To cut a spiral, the work requires rotative and longi-
tudinal motion at the same time and also to be set at an angle
to cutter.

41. To find angle to set saddle for cutting spirals either
graphically, by simple
calculation, or approx-
imately from spiral line
drawn upon work:

Graphically. — Draw g
a right triangle, ABC, to 20° X
scale, Fig. 30. Draw AB \ ! s

equal to the lead, AC at A 7T 8
right angle to AB, equal Fia. 30. — ANGLE D1aGraM For Twist
DRiLL.

[

CIRCUMFERENCE

to circumference; connect
CB. The angle ABC or X is the required angle. Measure
angle with protractor.

Ezample. — Twist drill 1”” in diameter, 6’ lead, to find angle

Solution. — AB = lead = 6"", AC = circumference =3.1416;
connect CB and measure; required angle X = 273°.

By calculation. — Divide the circumference by the lead for
the tangent. In table of tangents find the angle that corre-
sponds to tangent.

Ezample. — Twist drill 1” in diameter, 6”” lead, to find angle.

Solution. —Tan X = 1 x 2181 = 5236, In table of tan-
gents .5236 corresponds to 27°38’ or 273°, the required angle.

Approximately. — Raise the knee until cutter touches work
and with hand feed trace a light line upon the work, with the
table set straight, and the machine geared for the spiral. Then
swing table until spiral line is parallel to cutter.

Important. — As cutting the first tooth in a spiral mill or grooving
the first drill is largely experimental, the student should prepare a

machine-steel trial blank and use it to obtain correct settmg of
cutter.
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Attention. — For right spirals, swivel the table to the right;
and for left spirals, swivel to the left, and use an extra inter-
mediate gear.

42. To calculate compound gears used in cutting spiral.

Ezample. — 1" twist drill; 6" lead, worm gear in dividing
head 40 teeth, lead screw 4 P., lead of machine equals 42 = 10".

", 6 3 X2
Solution. — 0= 2x5
x 24 _ 72 _ gear on worm G

24 48  Istgearonstud H'

20 40 _ 2d gear onstud J

X20 =100 - gear on screw K

NN NIW

When there is a fraction in the lead as in the case of spiral
gears, as 8.333":

. Solution. — 8.333" = ?—3 = g—g = g and proceed as above.

Information. — If the fraction will not simplify easily, ap-
proximate the lead as follows: Exact lead 2.517’’; approximate,
2.514.” 'This is allowable for leads of cutters, drills and counter-
bores. For mechanical motions, as spiral gears, change the
diameter rather than lead.

43. To obtain lead for spiral milling cutter, given diameter
and angle. —

diameter X 3.1416

Formula. — natural tangent of angle

= lead.

From lead calculate compound gears.

Attention. — Use above formula when changing pitch diam-
eter of spiral gears to bring approximate lead within .005’" of
exact lead.

44. Cutters for spiral mills are obtainable with either
40°, 48°, or 53° angle on one side and 12° on the other.

46. Cutters for two-groove twist drills are obtainable for
drills 4" to 24" in diameter.
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CUTTING TEETH IN SPIRAL MILL
46. To cut teeth in spiral mill, universal milling machine.

1241

Fig. 31.
UNIVERSAL MILLING MACHINE
F16. 31. — Curring TEETH IN SPIRAL MILL.
SPECIFICATIONS
Material............... Carbon-steel Gears for spiral
cutter blank
Hole.................. 17 Gear on worm.. 72
Diameter of mill... ..... 23 18t gear on stud 32
Length of mill.......... 23" 2d gear on stud 64
No. of teeth..... e 18 R. H. Gear on screw.. 40
Width of land.......... - Speed ........ 1st or 2d speed
or 60 F.P.M.
Tead.................. 36”
Angle of spiral......... 12%° Feed.......... Medium
Double-angle high-speed ! power feed
steel cutter.......... 53°X12°R. H. ‘ —.007”" per
cutter revo-
i lution
Amount of set over..... .208"" I Lubricant. . ... Lard oil
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ADVANCED MACHINE WORK

OPERATIONS

L Preparatory adjustments.
Place cutter A on arbor B to cut

in direction of rotation, and clamp
hard. Fasten index head and
footstock in horizontal alinement
on table.

H H

]

FOOTSTOCK Y.,
CENTER

oousLE
ANGLE
CUTTER

SPIRAL MILLING
CUTTER
BLANK

F1a. 32.— SETTING DOUBLE-ANGLE
CurTEr RADIAL.

IL Set cutter radial. Set swivel
table at zero, cutter central, and
cross-feed dial at zero. Move
cross slide inward /g diameter of
blank (.208") to give radial teeth,
as at A’, Fig. 32, then clamp cross
slide.

III. Arrange gears, index and
table. Arrange gears for spiral, set
index for 18 teeth, withdraw stop

so that index plate can revolve,
set swivel table at 121°, Fig. 31,
and clamp.

IV. Mount gear blank on centers.
Press mandrel C firmly into blank
D and mount on centers, securing
dog E in driver by screw F.

V. Obtain width of land by trial
cuts. Start machine, raise knee
and with power feed, take short
trial cut less than required depth,
then throw out power feed and
stop machine. Set vertical dial at
zero, lower knee, move table back
until blank is clear of cutter and
index for next tooth. Raise knee
to zero and take another short
cut.

Lower knee, move table back
until blank is clear of cutter and
measure width of land with rule.

If land is too wide, raise knee
a little higher than before; repeat
process until land is correct (45"
wide). Reset vertical dial at zero
after each correction.

VI. Mill 18 teeth. With set-
ting correct and table dog set to
trip feed at end of cut, mill teeth
all around blank, one cut each.

Warning. —To avoid cutter
scraping work by back-lash in
screw and gears, after obtaining
depth of cut in spiral milling, set
vertical dial at zero and at the
end of each cut, lower knee and
move table back to starting point,
then raise knee to zero for next
cut.
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GROOVING TWIST DRILL

47. To groove twist drill, spiral milling, universal milling
machine. Fig. 33.

UNIVERSAL MILLING MACHINE

F1a. 33. — GrooviNg Twist DRILL.

SPECIFICATIONS
Material......... | carbon-steel drill || Angle to set swivel
blank bed for clearance
of lands........ 1°
Diameter of drill. 1.012” Depth of clearance =7
Length of drill. . . 1147
Length of grooves 63’ Gears for spiral
No. of grooves. . . 2 Gear on worm G . . 72
Thickness of point 1 % 1st gear on stud H. 48
Lead ........... 6"’ 2d gear on stud J . 40
Angle of spiral. .. 274° Gear on screw K. . 100
Cutter.......... Special Speed............ 3d speed, back
gears in or 25
F.P.M.
Amount of set over | v of dia. (.100”’) || Feed............. .007”” per cute
ter revolution
Angle to lower in- Lubricant........ Lard oil
dex head. ..... 2°
. §grooving .. | 1h.
Time | clearance .. | 30 min.
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"SCHEDULE OF

ADVANCED MACHINE WORK

OPERATIONS

1. Preparatory adjustments.
Place cutter A on arbor B to cut

in direction of rotation, and clamp
hard. Fasten index head and
footstock in horizontal alinement
on table. Lower index head cen-
ter 2° and clamp; this is to
thicken web and strengthen drill
which has a tendency to twist
when in use.

IL Set cutter radial. Set swivel

—_—
agem—

S~
CUTTER

o~
CENTER

Fru. 34.— SeTriNg CUTTER OFF
CENTER FOR GROOVING
Twist DRILL.

table at zero, cutter central, and
cross-feed dial at zero. Move
cross slide inward ¢; diameter of
blank (.100”), as at A, Fig. 34, and
clamp.

III. Arrange gears, index and
table. Arrange gears for spiral,
place index pin in any hole, then
withdraw stop L so that index
plate M can revolve; set swivel
table at 271°, and clamp. See

Fig. 35.

IV. Mount gear blank on centers.
Mount blank C on centers anc
secure dog D in driver by screw
E. Adjust V rest under middle
of blank to prevent springing.
Set table dog to trip feed at de-
sired length of groove.

V. Obtain thickness of point
Start machine, raise knee and take
short trial cut less than required
depth. Set vertical dial at zero,
lower knee, move table back until
blank is clear of cutter, index one-
half revolution, raise knee to zero
and take another short cut. Re-
peat until point is }"’ thick.

VI. Mill grooves. Reset verti-
cal dial at zero and mill grooves,
one cut each.

VII. Mill land clearance. Mount
drili 4, Fig. 36, on centers to mill
lands B, with end mill C. Set
swivel table 1° (angle shown by
line D, E) to cut deepest st
F, F', and mill clearance g%’/ deep
leaving 5% lands, one or more
cuts.

Information. — Take trial cuts
and if lands are wider at shank
end of drill, raise index-head cen-
ter 1° or 2° to make lands even
width. Oxidize small drills to
enable cut and land to be readily
seen.

Note. — Manufacturers of twist
drills use a special cutter for mill-
ing land clearances.




MILLING LAND CLEARANCE ON TWIST DRILL 1245

CUTTER
N

Fm; 35. — SETTING SWIVEL TABLE TO GROOVING ANGLE OF
TwistT DRILL.

Fig. 36. — MILLING LAND CLEARANCE oN Twist DRILL.

MAKING TWIST DRILL

48. To make taper shank twist drill, Fig. 37.

t‘ .

: 1"y
3t o 7T 1§ 1

'
J|MORSE TAPER NO.3;
‘_5‘ TAPER £02°TO ' = f -

F1g. 37. — ScHEDULE DRAWING.
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Spedﬂuﬁoﬁs: Material, annealed high-speed or carbon steel /;~

to §" large; weight, 2 Ib. 3 oz.

High-speed steel, or stellite cutting tools.
Time: 4 h. 45 min. which includes 15 min. for milling tang, I L
for milling spiral grooves and 30 min. for milling clearances.

Hardness, 20 to 25 (scleroscope).

SCHEDULE OF OPERATIONS, MACHINES AND TOOLS

MAcHINES, SPEEDS,

OPERATIONS. _ Freos. TooLs.

Ceanter.
True live center. Set dead | Engine lathe, 12" to

center in approximate aline- 16",

ment. ., .
Rough square to 113", (1), (3). | 2d or 3d speed, or 40 | Dog, holder and cut-

F.P.M. Hand feed. ter 30° rake, cal-
pers, rule.

Receater.
Omit finish square.

Rough turn to 1.012”", (8), one
or two cuts. Turn half way,
reverse and turn other half.

Draw lines for length of shank
and body (4), (8).

Turn taper shank .602" to 1/,
(e).

Set over footstock %/, or use
taper attachment.

Rough turn taper (6) to {3 at
small end, one or two cuts.

Take a light trial cut about
.004"” to .005". To correct
this taper, sce Schedule of
Operations, p. 229.

Rough turn to .753” + .020”"
for grinding (@), one cut.

Rough and finish turn reduced
part (7), one or two cuts.

Finish turn tang (8), one cut.
Round end and corner (2).

1st or 2d speed, or 40
F.P.M. Medium
power feed — 80 to
17,

Vise, copper jaws.

Engine lathe.

1st or 2d speed or 40
F.P.M. Medium
power feed — 80 to
17,

3d speed or 60 F.P.M.
Fine power feed —
140 to 1”.

Medium power feed
— 80 to 1”.

Fine power
140 to 1”.

feed —

Hand feed.

{ Forming tool.

Holder and cutte
30° rake, 1 m:
crometer. I

Copper sulphate
rule, scriber.

Rule, dividers.

Holder and cutte
30° rake, calipers '
rule. ) i

Holder and cutte
30° rake, Mor
taper-ring  gag
No. 3, chalk o
Prussian blue.

1’ micrometer.

Calipers, rule.
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SCHEDULE OF OPERATIONS, MACHINES AND
TOOLS, Concluded

OPERATIONS,

MAcHINES, SPEED,
FEEDS. *

TooLs.

Rough turn stem §” long (9),
four or five cuts. Set tool at
59° and form point.

Stamp size and name on re-
duced part (7).

Mill tang (19).

Mill grooves (11), (11). See
pp. 1243-1245.

Mill land clearance #;”, (12),
(12’). See pp. 1244, 1245.

Harden in water.

Temper in oil (or polish and
temper to straw color).

Test hardness with scleroscope,
or dead-smooth file.

Grind taper (6) to .753” at
end, or to fit Morse taper-
ging gage. See pp. T12, T26,

30.

Set grinding machine to grind
the taper for body clearance.

Grind body to 1.000”” at point
of drill. See pp. 1206, 7T12.

Nick stem (9), with grinding
wheel; break off and grind
point to 118°. See Prenciples
of Machtne Work.

1st or 2d speed, or 40
F.P.M. Medium
power feed — 80 to
17,

Vise copper, jaws.

Universal milling ma-
chine, 2d or 3d
speed, or 50 F.P.M.
Medium power feed
— .007”" per cutter
revolution.

Universal milling ma-
chine.

Gas furnace or forge
1325° F. to 1350° F.

Oil-tempering furnace
425° F. to 435° F.

Universal grinding
machine.

Twist drill grinder.

Calipers, rule, and
bevel protractor.

§/ steel figures and
letters, hammer.

Index centers, 17
end mill, calipers,
rule, oil.

-

1”” end mill or special
cutter, rule, oil.
Tongs, water.

(Red-hot rigg or col-
lar).

Grinding wheel No.
60, K, vitrified,
Morse taper-ring
gage, No. 3, chalk
or Prussian blue,
1”7 micrometer.

Cup grinding wheel

No. 46 K, vitri-
fied, bevel pro-
tractor.

Attention. — If the drill springs in hardening and tempering an
amount in excess of that allowed for grinding, it should be carefully
straightened before grinding. See p. 1217

Information. — If not convenient to use a cylindrical grinding
machine, the taper shank may be turned and filed to fit a Morse
taper-ring gage, No. 3. The body may also be turned and filed to

size.
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PRECISION METHODS OF LOCATING HOLES FOR JIGS
AND ACCURATE MACHINE PARTS

49. The precise location of holes in jigs, fixtures, master
plates and accurate machine parts is obtained by the plug
method for large work and by the button method for smali
work. For ordinary machine work where an error of yg%5’’ to
1385’ is permissible, the usual method of locating holes with
surface gage, dividers, rule, and center punch, and then draw-
ing the drill, is sufficiently accurate. See Accurate Drilling,
Principles of Machine Work. To locate holes of precision
in jigs and fixtures where errors greater than yg%3’’ are not
permissible and an accuracy of g5dgp’’ is often required, the
plug or button method is used.

560. Jigs and fixtures are usually designed by the draftsman

and made by the toolmaker. Many toolmakers, however,
are well-qualified to both design and make jigs and fixtures.
The shape and other requirements of the work determine
whether a plate, solid, box, or rotary type of jig is required.
See Drilling Jigs, pp. 601-610. The jig is designed by
making a drawing having two or three views and the details.
As an element of safety, it is best to make the design of such
shape that it would be impossible to place the jig on the work
or the work in the jig the wrong way.
_ After the position of the work in the jig is arranged, the
locations of the holes and the clamping devices are deter-
mined. Wooden patterns are then made for the jig body and
other parts that are to be made of cast iron and iron castings
obtained.

51. Plane, mill or grind jig castings accurately. — The
working surfaces of jigs and fixtures that are to be bored by
precision methods must be planed, milled, or ground accu-
rately and smoothly, and all sharp edges slightly beveled
with a file. Box jigs and similar fixtures must have two or
more surfaces or spots, exactly at right angles, from which all
measurements are taken.
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52. The vernier height gage, as shown in Figs. 40, 42, 43,
50 and 54, is a combination tool. As a height gage it is used
for accurately measuring heights and spaces. As a caliper,
it may be used in the same manner as the vernier caliper,
see pp. 211, 212. It is an indispensable instrument for locat-
ing holes in jigs and fixtures by the plug or button method.

‘While the vernier height gage may be set to a ten-thousandth
of an inch, accurate measurements and the comparison of
distances and sizes also depend on the sense of touch or
‘“feel ” which is obtained by pressing the gage or caliper
over or between the points being measured with a uniform
pressure.

PLUG METHOD OF LOCATING HOLES

63. The plug method is a process of precisely locating the
axis of the hole to be made with the axis of a standard plug
held in the spindle of a universal

) . o s PLUG
or precision boring mill, or milling SCRAPED
machine. With either machine Yore-|8 ‘@
the process is the same except for
the variation in movements pecul-
iar to the different makes of ma- ]
chines. The principle of the plug somna MiL Tase C
method of alining work in a bor- F16- 38. — TrE PrincrrLe or
. oy s . . THE PLuGg METHOD OF LocaT-
ing mill is shown in Fig. 38. 1~6 HoLes.
Measurements are taken from the
hardened and accurately ground plug 4, held in the spindle to
the accurately scraped angle plate B which is clamped to the
table parallel to the spindle, and from plug A to the table C.
64. To locate angle plate accurately on boring mill table. —
To set angle plate A, Fig. 39, parallel to axis of spindle (as-
suming that the table is true) first place it in approximate
position on table, test it with square, and -clamp lightly.
Then place drill chuck in spindle and fasten test indicator B
in chuck. Test angle plate vertically with indicator by
moving spindle up and down, and longitudinally by moving-
spindle in and out and adjusting angle plate by rapping it
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lightly with lead hammer. When angle plate is true, clamp
hard and test again, as hard clamping has a tendency to
change the location of angle plate.

MORIZONTAL

—

s O
SENSITIVE

TEST INDICATOR

F16. 39. — LOCATING ANGLE PLATE ACCURATELY ON BorinG MiLL
TABLE.

Attention. — Vertical adjustments are made on some types of boring
mills by raising or lowering spindle, see Fig. 39; and on others, by
raising or lowering table, see p. 616.

66. To aline jig to angle plate. — Place drilling jig 4,
Fig. 40, against the tongue blocks B and C, clamp lightly
and set parallel to the angle plate D by taking measurements
at E and F with vernier height gage G. Make corrections
by rapping jig lightly with soft hammer, then clamping it hard.

56. To true plug in spindle. — Taper shank plug 4, Fig. 41,
is placed in spindle B and tested with indicator C to see if it
runs true. If the plug is hardened and ground accurately,
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F16. 40. — ALINING JIG TO Anau;. PLATE.

and care is used in placing it in the same position in the
socket each time, it should run true; but, if it runs out a
slight amount, the error is often corrected by removing and
replacing the plug. When the plug runs true, the jig is lined
up to it.

67. To set axis of the hole to be bored true to axis of the
plug, two measurements are necessary. First set vernier
height gage A, Fig. 42, the distance called for on the drawing
from center of hole in boss B to bottom of jig C or to table D,
minus one-half the diameter of plug E, then adjust spindle F,
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0 oRILLING
0 0
ANOLE
PLATE
[]
<)
SENSITIVE
TEST BORING
INDICATOR MLl
C
O]
PLUG
A
U VA
-
- B
SPINODLE

TABLE

Fig. 41. — TruiNG PLuG IN SPINDLE.

up or down, until distance is correct as determined by the
vernier height gage A, Fig. 42.

Second, set vernier height gage A, Fig. 43, the distance
called for on drawing from center of hole in boss B to side of
jig C plus distance from jig C to angle plate D minus one-half
diameter of plug E, then adjust table F' until this distance
is correct as determined by vernier height gage 4, Fig. 43. -

68. To bore hole in jig. — Place short drill A, Fig. 44, in
the spindle and spot the work to make a true cavity, as at 4,
see also p. 409. Then use two or three drills, as at B and C,
the largest being about y%'’ smaller than the finished hole.
Each drill removes but a small amount of stock, thus elimi-
nating the danger of drilling the hole out of alinement.

After drilling, special boring tool D is used with a fine power
feed. Several boring tools may be used with the cutter
set in each to remove but a small amount of stock. The
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cutter in the last boring tool is set to bore the hole to the
required size. See also Adjustable Boring Tool, Fig. 47.

Fi1e. 42. — SeTTING PLUG CORRECT DISTANCE FROM TABLE.

L II%Y

Fig. 43. — SETTING ANGLE PLATE CoORRECT DISTANCE FROM PLUG.

Test hole with plug gage or measure with inside micrometer.
Reamers are rarely used on this class of work as they have
a tendency to throw the hole out of alinement. If the plug
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gage fits rather tight after entering about halfway, a reamer
is used to relieve the back end of hole. In this operatio

ANGLE
PLATE

RILLIN
D)

SORING
SORING
@ @ TooL
D
0

miLL

SPINOLE
TABLE

F1G. 44. — BoriNg HoLE 1IN J1G wiTH SPECIAL BoriNg TooL.

TWIST REAMER
ORILL

NN §§
NN NI
\ ¥ \
D N\
7 7 7 7
3 7
1 1
%7 %7
F16. 45. — BusHINGS FOR DRILLING J1GS,

the hole is not changed as the reamer removes so small 8 ‘

amount of metal that it burnishes but does not cut.
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Warning. — After boring the hole and before removing the jig,
place a plug in the hole and test the measurements from gage to angle
plate and table.

Information. — Additional holes in jig may be located by the same
method.

Attention. — In locating and boring holes which pass through two
opposite faces of a box jig, the boring is carried through the first face.
The work is then reversed, relocated, and the second face bored. This
avoids the error that may be caused by the spring of a long boring tool.

69. Bushings for drilling jigs. — As holes in cast iron or -
machine steel would soon wear out of true by the action of
the tools which pass through them, holes in jigs are lined with
hardened and ground steel bushings. The fixed drilling
bushing, as shown at A, Fig. 45, is made of carbon steel hard-
ened and tempered. The hole is ground and lapped to the
required size, and the outside diameter ground to about .002"
larger than the bored hole and forced in with a press. Where
more than one size of bushing must be used, they are called
slip or removable bushings. A slip bushing for the drill is
shown at B, for the reamer at C, and for the tap at D. The
hole is also lined with a hardened and ground steel bushing
as at E, forced in to receive the slip bushing. The tops of
slip bushings are usually nurled so that they may be readily
removed with the fingers, and they are often held in place
with a binding screw, as at F.

60. To locate one hole accurately from another hole by
the use of two plugs. — This method is used on jigs, fixtures,
and accurate machine parts in the boring mill or milling
machine. To bore holes 1 and 2in lugs A and B, in a machine
part, Fig. 46, as shown in detail at A’ and B’, clamp work to
milling machine table, drill and bore hole 1 in lug A. Move
table and place plug C in spindle, and plug D in hole 1, then
adjust table and measure over plugs C and D with vernier
caliper E or micrometer. This measurement should be
the distance between centers of holes 1 and 2 plus half the
diameter of each of the plugs C and D.

As holes 1 and 2 are not in horizontal alinement, measure
distance F from plug C to the table with vernier height gage,
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then raise table the difference in alinement of holes 1 and 2,
as shown in detail at G, and again measure with vernier

F16. 46. — LocaTING ONE HOLE ACCURATELY FROM ANOTHER HoLE
BY UsiNé Two PLues IN MILLING MACHINE.

F1G6. 47. — BoRING WITH ADJUSTABLE TooOL.

height gage from plug C to table. This measurement should
be distance F minus the difference in alinement. Hole 2 is
then drilled and bored.
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61. Adjustable boring tool shown at A, Fig. 47, is used for
boring in milling machines, boring mills, drill presses and
engine lathes.

The cutter B is adjusted by micrometer screw C, making
it very useful for precision boring.

Attention. — If a milling machine is used, care must be taken to
see that it is in good condition. If there is an appreciable sag of the
knee, an allowance should be made in setting the work. In any
machine used for accurate boring, the slides should be cleaned and
oiled and the gib screws adjusted so that all movable parts fit closely
but not too firmly. .

BUTTON METHOD OF LOCATING HOLES

62. The button method is a process of precisely locating
holes with hardened and ground buttons or collars often called
toolmakers’ buttons. It
is a slower process than

the plug method but it is (=
used for small accurate
work. It consists of three

operations: First, locate FI — M

the button precisely and 5 G. 48.—THE BuTTON, AND METHOD OF
. 'ASTENING THE BUTTON TO PLATE OR Ji1aG.

clamp it to the face plate

or jig. Second, clamp the plate or jig to the face plate of
the lathe, test the button with a sensitive test indicator and
adjust plate or jig until the button is perfectly true to the
axis of rotation. Third, drill and bore the hole.

The button used is shown at A, Fig. 48; it is about 3"’ long,
and ground to some exact diameter, as .300”, .400” or .500”,
with perfectly square ends. Where only one hole is to be
located, a button of an exact diameter is not important; but
if two or more holes are to be located, they should all be of the
same diameter. A sectional view of the button is shown at B,
and the method of clamping to plate or jig C by special cap
screw D and washer E.

The screw may be about 3"’ X 40, and, to permit adjust-
ment, hole F in the button is about %’ larger than the screw.
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63. To locate the button on a plate. — For hole 4, Fig. 4
locate the button B on plate C the distances D and E froc
side and end of the plate by finding its approximate cents
with surface gage, rule, and square, and making a cente
punch mark. The center punch mark is usually within .010
of being correct. Next drill and tap for the screw, file of
burr and fasten button lightly to the plate with the screw.

~™
H

H .,::::i:i---

“MICROMETER

%
\f?}\p-. PARAFLLEL

SUTTON HOLE =

PLATE C

F16. 49. — LocATING THE BUTTON ACCURATELY ON A PrLATE.

Then hold parallel F against side of plate, measure with mi-
crometer caliper G, and adjust the button by rapping it lightly
with a lead hammer until this measurement equals the dis
tance D plus thickness of parallel, plus half the diameter of
the button. Repeat the process for distance E with microm-
eter as shown dotted at H. Measure the distances D and E
alternately, until button is precisely located, then fasten button
down hard. Clamp the plate lightly to an accurate face plate
of an engine lathe, and test the button with a sensitive test
indicator held in the tool post, and adjust the plate until the
button is perfectly true to the axis of rotation, see Art. 63,
pp. 1259, 1260. To bore the hole, see Art. 66, pp. 1260, 1261.
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64. To locate the button on a drilling jig. — Hole A, Fig. 50,
is to be located halfway between the legs of drilling jig B and
at a given distance from the face. Locate center of hole
with surface gage, rule, square, and center punch. Drill
and tap hole, file off burr, wipe clean and fasten button C to
the jig. Clamp jig to the accurately scraped angle plate D
to give larger working distances. Set vernier height gage E

ORILLING

Ja
— B

HOLE
A

'VERNIER
MEIGHT
QAGE

TEST

INDICATOR
F
3
SCRAPED
N

F16. 50. — LocaTING THE BUTTON ON A DRILLING J1G.

to equal the distance from the edge of jig to the center of hole
plus one-half the diameter of button plus thickness of the
angle plate. Transfer this setting to sensitive test indicator
F, with needle at center of scale. Adjust button until there
is no change of needle-reading. Turn the jig down and repeat
this process to locate button the correct distance from face
of jig. Then fasten button on hard and test again, as hard
clamping may change the position of button.

66. To set button true to axis of rotation. — Clamp drilling
jig 4, Fig. 51, lightly to a perfectly true face plate with button
B approximately true to axis of rotation, then balance with
counterweight C. See also pp. 407, 408. Rotate spindle by
hand and test the location of button B by indicator D. Ad-
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just jig by rapping it lightly with a lead hammer wuntil the
needle of indicator ceases to move, then tighten the clampins
bolts. Test button again, as final clamping may chang:
location of button.

F1c. 51. — SerTING BUTTON TRUE TO AXIS OF ROTATION.

66. To bore the hole in jig. — Remove button and with
flat drill A, Fig. 52 (or centering tool), held in a drill chuck
fitted into footstock spindle, cut true cavity B to start drill
See also p. 409. Then use increasing sizes of drills until
hole is within #4"’ of size. Bore hole C exactly to size with
boring tool D taking two or more cuts and using a fine power
feed. Test hole with plug gage or measure with inside microm- -
eter. See Bushings for Drilling Jigs, p. 12355.

Warning. — Care should be taken to see that the lathe spindle
bearings are tight for any looseness will affect the truth of the bored
hole. Also, see that the jig is accurately counterbalanced as the bored
hole will be out of true if the jig has any springing or vibrating action.
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If the shape of the work is such that the rotative speeds for drilling
and boring will cause the spindle to spring and the work to vibrate,
use the plug method and a boring mill, or milling machine, where the
work will be stationary and the drills and boring tool will revolve.
Attention. — The true cavity starts the drill true and eliminates the
eccentricity of the tapped hole.
Information. — The button method may be used in boring mlll or

milling machine by alining the button to a slip bushing on plug in
the spindle.

FLAT DRILL \ L=\

~N

F1a. 52. — BoriNG THE HoLe IN Ji1G IN THE ENGINE LATHE.

67. To locate two holes by the button method usually
requires that measurements be referred to the buttons them-
selves as well as to the edges of the work. In Fig. 53 button A
for hole 1 is to be located with reference to edges CD and DE
on plate F, and button B for hole 2, with reference to button A
and edge DE. First locate both buttons approximately with
reference to edges, by the method given on p. 1258.

The precise locations of buttons A and B are determined
with micrometers, as shown in Fig. 53.
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F16. 63. — LocaTiNg Two HoLEs BY THE BurroN METHOD.

68. To locate and bore holes an approximate distance
apart with boring mill or milling machine. —On jigs and
fixtures where the extreme accuracy of the plug or button
method is not required, the holes may be located and bored
approximately accurate a given distance apart by using the
graduated dials, reading in thousandths of an inch, on the
actuating screws of a boring mill or milling machine. See
p. 616.

69. To locate and bore two or more holes an exact distance
apart with boring mill or milling machine. — First, clamp the
work to the table and adjust the table to move the work to
the proper position, then drill and bore the first hole to the
required size. Second, move the table by the actuating
screw the required distance for the second hole as indicated
on the micrometer dial. Third, drill and bore the hole ;"
small and place a plug or proof bar in each hole. Fourth,
test the distance between the bored holes by measuring over
both plugs with a micrometer. If after subtracting half the
diameter of each plug from this reading, the result is not
the required distance, correct by moving the actuating screw
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the required number of thousandths of an inch or fraction of a.
thousandth, as indicated by the micrometer dial, then bore the
hole to the required size.

SINE BAR
| 70. The sine bar is used for the precision measurement of
angles, and for locating work at precise angles. It consists
of a hardened and ground bar with hardened and ground
plugs placed at a precise and known distance (usually 10”)
apart, which by means of a vernier height gage and a table
of sines and cosines may be set to any angle or used to measure
any angle precisely. Some sine bars, as A, Fig. 54, are made
with hardened bushings to which accurately ground removable
plugs, B and C, are fitted; other sine bars, as B, Fig. 55, have
fixed plugs, C and D.
Information. — The holes in the sine bar are located by either the
plug method or the button method.
71. To set adjustable angle plate with the sine bar.—
In Fig. 54 the sine bar A is used to set adjustable angle plate

¥16. 54. — SETTING ADJUSTABLE ANGLE PLATE WITH THE SINE BAR.

D at a precise angle: First, place angle plate on the scraped
surface plate and set it approximately by bevel protractor E,
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then with square F set sine bar parallel to edge of angle plate,
and clamp in position. Find difference in height of plugs B
and C with vernier height gage G and obtain the precise
angle. Adjust plate with wrench H and lead hammer J
until difference in height of plugs is correct for the desired
angle. For example, the angle plate is to be set at 30°. The
sine of 30° is 4. Therefore, with a 10’ sine bar the difference
in height of the plugs should be ¥ or 5.

Atlention. — As each adjustment of angle plate changes the height
of both plugs making the vernier readings difficult to remember, it is
customary to make a record of the readings as suggested by the penci
and block of paper at K. The magnifying glass at L may be used
to read the vernier.

72. To measure and originate tapers with the sine bar. —
The sine bar may also be used for measuring and originating
tapers.

In Fig. 55 plug gage A is to have a taper of .5161”" per foot.
While this is a standard taper (Brown & Sharpe, No. 10) it
may be assumed that there is no ring gage or templet —
available and the sine bar is used instead of a gage.
The plug is placed in the fixture on the scraped sur-
face plate and the sine bar B adjusted to the taper
gage and clamped in position. The difference in
height of the plugs C and D is found by vernier

- CLAMP CLAMP
T —-—p
@-D smc.nn .;:9'_ _______ - m

SROWN AND SHARPE VERNIER
TAPER PLUG GAGE nEIGNT
A aaGe

[ TN
s STRAIGHT EDGL SET PARALLEL TO SURFACE PLATE Q

I | S—

SORAPED SURFACK PLATE
F1G. 55. — MEASURING A TAPER GAGE WITH THE SINE BaAR.

height gage E. If the difference is not correct for the re-
quired taper, the gage is corrected by grinding or lapping
and the process repeated. For example, gage A is to have
a taper of .5161"" per foot or .5161"" + 12 = .04301" per inch.
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Assuming a 10" sine bar is used the difference in height of the
plugs C and D should be .04301 X 10 or .4301”.

73. Other uses for the sine bar. — Besides being useful
for the above processes, the sine bar is used for setting milling
machine heads and tables, testing angle settings of vises,
chucks, and other machine tools where precision is desired.
It is also very useful in toolmaking for inspection purposes.

— e e+ ®
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Bolts and nuts, table of United 8
standard

* See Special Index at beginning of book for Schedules of Problems and Processes.

1
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Pace

Bore to setting of inside calipers, ad-
justing tool to

Boring bars
Boring in the engine lathe with boring
tool . . . 504-806
with bo
btr ..61 1—0 13
tool holders and cutters. . . .5086, 80

tools
127 804807, nsz—nuplnse l:g;
u:gle iron or angle plate
wn.h adjustable boring tool,

pocial borag,tool. Les001
Boring, sqna::lg to lhnaﬁ:len in.. 805, so;
rtieal. .. ... .l

hines, drilling, reaming and

counterboring in hori-
aonul ............ 615
portable............ 613
Boring and reaming, ahnement l.nd .6
Boring tool, grinding. ............... 141
Bosses, milling inside............... 1045
Box nn for drilling, reaming and t:g-
Box for lathe tools. .. ........... 102, 109
Brass polishing................. 434, 435
Brass turning in engine lathe. . . .. 833-837
Brass, cutting -rexlz)r .............. 904
reamers for............... 834,413
:qunn'n; ................. 33, 534
El ...................... 8§34
tools for turning. ............. 833
Bridges in hollow castings. ........... 421
Brmah A threads. . .318

roach reamers
Brot.c.hed holes, chart of .
Broaches..............

Broaching holes. ... .... 543-548
Broaching, lubncnnt.n for ....546
machine. ..... 543-546
Bmchmﬁ or drifting, hand 846, 547
Bronse, nn:r cu'.tgng ;peed -8 4
&ring phosphor 18
nch.\l:l‘ .......... 419, 8§39, §40
Brown & Shnrpo tapers. ..233, 235, 237-239
Buffing........ccooviiniiinnnnnnnas 440
Bunwm for plapers, screw............ 014
Burntorhot centers................. 202
Burr when squaring. to remove.. ..131,132
Bushing, grinding jig............ 829, 8.
Buahmn, making. ...... 403, 404, 639 540
Button me!hod of accurately locaung
oles. ....oovviin.. 1248, 1258-1263
Buttons for ptemmon dnllmg, tool-
makers' ........... 1257-1203
on jig, locating............ 1259
Caliper gage, grinding........... 828, 829
Caliper mea ....................... 3
................ 212,213
Calipers, ndju.stmg tool to bore to set-
tmg ofinside............. 802
mf tool to turn to set-
tmg outside ... 144

Calipers, dlvnger

spri
ten-thousandth micrometer...213

Pacz
Calipers, thread. ..........ovvn ... 3:
micrometer L1214, 10
wvernier. ..... 111—213 1117, 1
Calipers to another, to transafer setting
fromonepairof.................. 1
Carbolite. .....coovvvivuennnenn. . 2
Carborundum grinding wheels.. .. . 704, 7
Carriage, lathe. . ................ 103
Castings, pickling and tumbling . .. .. :
Castings with jigs, drilling. . .. .. .. €01-¢
Cast iron, dnmond—pomt wol for ﬁligza -

round—noaa tool for finish

tuning. . ....... .. 134,138
small square-nose tool for

finish turning. .......... 13
Cast-iron roll, ding.......oon..L 0
Cat head. .. .. gnn ............... 27,62
(‘a(.chm} the thn.d in screw cut% :‘
Cenwr-cut end mill.......1630, 1931, 104
Center distance of gears. ... ......... |
Center drll

Center dnll to remove broken. ....... l--
Center-hole dimensions, table of . . . ... 119
Center holes, lapping..........

Center for pipe turning, revolvi
Center for squaring, grooved d:
Center truing tool, lathe
Centering machine. ......

tool for chucking.

Cenm'r[z{é work, hand method of 121, 131
machine method of 123, 13¢
Centers, bumt orhot.....c.o.cvuunen 202

wrin mﬁl& 71(])‘3)“ 809, 831, 83-
..me..‘:"“""....A....::::::ii;m
making engine lathe. 352-35
mounting work on l-r.he,
o of 118, llﬂ.ml-ﬁ:
testing angle of . . ..........¢
engine lathe live...... 1%
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Paae
Centers, truing enpisie lathe. .....114,115
8,
grincing 710, 711, 809
Centers in t, set indi 2
Ch.mferm." ‘bolt * heads, nuts and’
BOTOWS. o oo ovietnincnerinonannnns 841
Ch gear for screw
C':.ing and feeds, npxd ........... llO. 111
104 108, 326, 327, 330, 333, 1024
Chart of gearteeth................. 1103
milling cutters. ............ 1
Chattering of tools............. 305, 1005
Chuck jaws. ........oovvnvnnnes 1, 40
Chuck, magnetio. ............... €23, 625
Chucking...........cocoviunnens
aD eccentrio. .........o...0.e
i.np.ll]!,\l:::f Sah ....t.h....t.tll.ﬂz
athe with a twist
drill. ... 840, 841

'm.h dnll holder and nuady
Chu oen ....%6“‘.”. ..........
Chuckmg

fluted
Chucking with a flat drill and chucking

reamer in an engine lathe...... 411412
Chucks. ........ocovvnns . .401-406
Chucks, care of . 405, 406

classesof................... 402
combination. ............... 404
PAW-ID. .. oeviniriiinnnas.s 405
il 122, 402
face-plate................... 405
independent. ...... ..402, 403
magnetic. .............. 623625
mounting and removing. ..... 406
..................... 404
...................... 405
thm; back plates of.. mg—:lo
............... 04
Cbuoh to mmlnne spindles, attach-
...................... 401, 507-810
Cu'eular milling, .............. 1040-1045
pitch for gearing........... 11
Clampdog.....covvveveneennnnennnn 830
Chmp nut, making&................
............ 6408, 013-015 .23
Clunps. holdmg planer work with fi
nl
Cleaning planers
Clearance of teoth "
lathe tool

5, 126
811-815
reamers, £13,811-813, 820-822

Clearance on twist drill, mnlhng land. .1245

milling cutters

milling cutters. ........ 1047
Collat.. to 5m|d tAPer. .ot 726
Collets, mi machine............. 1004
Combination chucks................. 404
grinding wheels......... 706
Comparator. See Measuring machine.
Composition, turning............. 833-838
Componuon. planer outting for..004
mpound gearing for th , calcu-
lating. . ........co0viiieinnn., 33-335
Compound rest. .............. 1131, 1132
Compound rest, fine tool :d,mnmenm
Withe . ooeiiiii ittt 1

Concave cutter........
Convex cutter

Copper, mnehmmc
Cog:r. millm;

urnmg
Corundum grinding wheels
mill

Cotter 1007, 1030, 1:3 ;

holes
Counterweights for lathe work,

407, 408, 634

Counting threads........... 320, 321, 331

gmkrmk nllinper. i i i i :gg
¢t holes in engine. ,

Crankabaft turning .-, - o 6524

ter fixtures, la ou

°°lti,wo-t.lmm 90°. .}',??.082—034

Crocus cloth, usesof............. 434, 837

" Cross feed of lathe.............. 107-109

Cut, finishing

c m,ro:fhin‘. . 126
e oo e R11-815, 1008, 1324

Cutter grinding machine......... 719, 808

Cutter, fm or plain milling. .

formed milling. .....
grinding angular.........
CODVOX....connns
flat.............
formed
Eole in milling. 728, 729
inserted tooth mill-
ing........... 815, 816
plain milling. . ... 814,815
radial teeth of side
milling........ 8, 817
spiral milling......... 819
Cutter by meuumment. setting. ... .. 1010
trial, semnx ....... 1010

Cutter central, setting gear
(Accurate Me'.hod) 1112
(Approximate Method)ll 11
Cutters for uplml mills .
wo-groove twist drills
Cutters, ln(ular milling. .......
ooarse tooth milli
epicycloidal mr
feed for milling. .
form milling
formed milling. .
gear stocki
gnndmg milling.........
ical tooth milling..

00
nke eooth milling.. .. .. 1043, 1047
nqht and lefr. mnllmg ........ 1

spiral mill
lm‘l.OG 1011, 1047, 1048
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Cutti le for bevel gears........ 115
ne ;!:el gear and pinion...1115-1118
off stock (mnerul; ...... 313,314
work held in milling machine
vise. . ...03

screws. . ... .

speed for ca

cutters
hi

milling cu 0.

lpeeds for wbon tml lathe 147
lpeedp for lngh-qpeed steel

lathe tools. .. ... 147

lathe tools. ... .145-148

spiral gear and pinion. ll26 1127

spur pinion md gear. . .1110, 1111

teeth in apital mill. . ... 1241, 1242

Cutting feeds, lathe................. 148
movements of milling ma-

7
g . lathe...146, 147
u'.t.mg speed or cast iron, composi-
tion, brass, brounse, steel, wrought
iron, planer....................... 904
. Cutting-off tool holders and cutters,

308, 009 314
Cutting-off tool, bteAkmg a. ..314

......... 8,13 9
fn'.ho .308, 309, 813 314
Cutting tools. lnhe

125-135, 301-314, 506-808, 514

lubricants for. .. ... 148-1
theory of.......... 125, 126

rake, clearance and cut-

ting angles of lathe,

Cylinder heads, drilling d o 120
inder s, and tap-

..................... 3, 607, 608

Cynmﬁm. boring and facing. . .... [ ]! 15

'y grinding............. 701-726

D
Dead center, alinementof........ 116,117
lathe.......... 103, 113-115

Decimal equivalents, table of com-

mon fractionsand................. 10
Demagnetizing steel or cast iron....... 025
Depth of cuts for grinding
Dial test indicator.............

Dial, graduating. . ................. 1040
Diameter to turn blank to mill or file

square or hexagonal . 1025, 1026
Dumetrll pitch.................... 04
Diamond tool for truing emery wheels, 710

Diamond-point tools for cast iron..132-135
steel or wrought
iron 302, 304, 305

Diamond-point tools, grinding
138, }Sg 141

half........ 306

left........ 7 306

Dies, threading................. 842, 843

Differential indexing........... 1023-1025

Dimension-Limit svatem......... 213, 214

Disk grinding wheels,. . ...... 707,812, 813
Disk grinding wheels, calculating ele-

vation for.............co.uuln 812,813

Disks, reference. ...........ccoouunn 224

Divider calipers. ............c.00000.. 121

Dog,clamp.......c.ooviiiiiinennnias 339

eter,
rkend-dnvlln(. . il’“ .
uper w0 special il
1ng

........... 1039, 104
Don or dnvers. ht.he ................ 1
uare threads, schedule for
I’llAk ...................... Y =
Double threads. . ............... $31. 5.
tool holders................ 12
Dovetail milling................... 101~
Draw-cut sh; r .................... E
gnfw-m e‘::u o ronibing or.. Rier 403
rifting, hand broaching or. . ... . 546, 547
Drill chucks. . .................. 2122, g2
holder.................... 410, ll-
Drill, oombm-non ................... 1>

........... 1:43—124;

nper dn.nk twist. 1245-1247

Dnllln; -m‘ oounterbonng duplicate
d SR LAy i nde.m a1

an pping engine cylinder
heads ﬂ)3 :; T, 6~

athe 540, 5
jigs.......... €01-410, 1248—1259
machine frames. .....001, 815-§17

and boring in
horuonul bonn( machines €15
with flange jig........... S02-604
Drilling jigs. locn .. 12481263
Jigs for bonni -Ilmn
50 125( 1259—181

Drilling hi

Drilling and tapping, ahnun

1! ent. . .

Drrills, flat chucpkm( ............. 4
Dogs.

Dnvers See

making.............. 8"—3
Driving Inbe work....... .
Duplicate parts, drilling.
Duplicate pieces, making. .
Duplicate work, milling. .

Buplicating sises, lathe Mps for. .no 111
E

Eccentric turning. .............. €29-633
Eccentric, drillingan. .. ............. 404
Eccentric centers, laying out.......... o«
Eccentric shaft, making.......... 29-831
Elastic gnndm‘ wheels. ......... 704, 07
Electrical units. .. ................. [ >1]
Electrically-driven engmo lathe....112,113
machine tools. .111-113

Emery cloth for polishing, order of
applyl ..................... 432, 433
Emery ¢rmd wheels........... 4. 705
Emery wheels, ond tool for truing . . 710
l:.nd-mnmnng ............ 224, 1235
End mill, center-cut...... 1030, 1631, 1041
ing.........c00n0. 817, 818
taper shank. . ...830, 831
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Engine lathe.................... 101-109
"E ht.he with rapid mtemuo 111
English standard (Whitworh) threads ‘337. s35
Epicyocloidal cuturl. Cesenessns 1103, 1111
...... ..1101, 1103, 1111

Expanding mandmla ............. 421, 425

Expansion of work while znndmz L713,714

Expa.nnon reamers. Su Adjmuble

F
..1011, 1012, 1043, 1947, 1048

milling.
Face-plate chucks. . ........c.0e.un.
Face plates........... 406-408, 1350-1261
Facing disk held in a chuck.......... 40!
large oylinder................ 614
..................... 1012
work insteel................ 1226
or front tool...... 33
Feod, star...............
Fee;i or cut for planer wo!
L
Feed of planer work time of .
Feeds and speeds for fnndmg
145—148. 240, 341
milling . . . .1008-1010

planing . .804, 606-808
Fiber, machining hard rubber or. 419 420
Files, mill 205, 206

Fillets of cast iron, scraping. ...

Finishing out. ... ........ocoeinnn

Finishing out for boring, continuous €12

Fingers for holding planer work 914

%‘1 in machine construction. . .;14
14

press for forcing
nmmng
9. 321

o16
tome (or rib) 915.916

T 8, 220
Ceeneeresesiens 215;31 232

w threads,
321-828 851, 811, 812, 823
Fractional threads ..333-335

Gage for gnndm‘ and aett.mg
nine degree thi
Gm, E:wr. “standard plig. - 13201;;0
stan ug.... 3
lgmg standard pluf 1232—12:13
Gage for cutter grinder, center he.l%t;t.. )
Gage blocks for planers..............
or pattern for setting planer tool,
.................. 931,922
Gages, caliper. ............cco00iinn 223
end-measuring rod 224, 12
gear mot:l ll;z. 1118
Emdin‘ ug y
lole:...._ ................ 223, ;(5)
appIng Fing.........o00nenen
(N 228
“53 1128—1230. 1232-1238, 1’37
reference
lpecul. .....
rm¢ ........
.................... 228, 621
thmd 113 324 325, 807, 826, 1216
vernier hei
D—HM. 1259, 19363, 1964
Gang mandrels 423
mills

Gear teeth, chart of
Gear cutter oontnl setting (Aocunte
Method)...oovvverenaiainiensanns 1n1
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Gear eutter oentnl ntt.in. (Amn.lll

eplcyeloldnl

formulas for. . . 1107
involute. . ceeee }}gk_{}g;
BPUF. . .ioverarnnnnnnnns 110 l-ll 13
1120
Grinder 724, 131

i , automatic sising. ....... 3
unive: tool...... ve.. 141,142
5 wettool........ce0enunn 140-142
Grinding angular cnt.:ker .......... 818, g(l):

automobile engine cylinder,
boring tool 7l ;22

ring tool. . ... eiiein.
calipergage............ 828, 829
cast-iron roll. . .. .722, 723
centers. ...118, 711, 809, 831-832
conver cutter. 826, 827
cutting-off tool . 138, 139
diamond-point wol. 138, 141
end mill..... 817,818
fits...... 715-7121
flat cutter 825, 826
forcing fita. 20, 721
formed cutter.............. 824
cutter............. 823, 824
and reamer with Cup Wheel.820
hand reamer with ‘Wheel .821

-speed steel cutter.......

140

bole in automobile gear. .727, 728

milling cutter. . ..728, 729
inserted tooth milling cutter,

815,816

L ............. 829, 830
the tooll ............. 135-142
mxlllng cutters.......... 808827
piston rings. .. ......00..... 807
plun milling cutter...... 814 818
plain surfaces.......... 5807
.......... . nu. 1235

glh or-bronse taper bushing 718
radi:

teeth of mide m%hn(

.135, 136
L7186, 717
.136, 537

37

, 724

spiral milling cutter......... 819
square threading tools. . .138, 139
standard mandrel. . ... 1205-1207
standard ring gage...... 9, 730
straight edge. .......... 828, 829
taper reamers. ......... 22, 823
shank of end mill . .830, 831

, 718,721, 725, 726, 730, 731
thin machine pcru .......... 802
to shoulder................ 721
Twenty-nine degree thread-

ing tools........ ... 824, 526

6,817

Grinding United States standard or
sharp V d:mdm;tooh .140

27-3232

for....

Grinding w!

rundum 704, 2
Cup..... 101 806. 813, 810
T 806, 813, 816
04-70

Grinding work, measuri
Grinding work of ono

Half diamond-point tools.........127, aoa
Hammer,

seseesscanss ssecsansan
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f
Hand broaching or drifting reamers,
413417, 1226
reaming in engine lathe. . ... 416, 417
namcgf stand...415, 416

verti dnlhn¢ ma-

machine handle. .

H 04-107
Helght of l.t.he entung tooh 128, 131-134
P th milling cutters.. 1047 1048

turh blnnk for milling or ﬂlmg.
High-speed ! milling 1025, 1026
nm m cutters, cut-
I‘ ng speeds for. .................. 1008
Huh-cpeed steol lat.he tools........ 304-310
cu}uncapeeds 17

Hobs, gear......... .
Hobbm¢ WOIrm gear 1123-1135
Holders and cutters, lathe,
le 806808, 14
....... 905, 909
Holding planer work by eomenung or
UIng. .. v
planer work with finger 22
clamps..................
Hole nﬁu ..................... 223-225
Holes, lowmoes for reamed, ground
red...........00n 221, 222
bron.ching ................ 543-548
d tel
......... 1248, 1257-1263
chnrt. of bmched ............. 844
countersunk . ............. ll7—124
plug method of accuratel
cn.tmg ............... 48—1’51
.................. 413419
Hpmf work for taper. . ... ---820
allowances and limits
forstandard. ............... 222

taper..........c..o.inann, 619-623
Holes in jigs and accurate machine
parts, location of....... .1248-1263
Holes in lathe work, center 117-123
Holes with a bonng mill, accurate bor-
ingof................. 1252-1258, 1262

Holes with a la accurate boring
L S L 1257-1261

Holes, vm.h a lmllmg machine, accurate
boringof................... 1249-12535
Homonul planing.............. 906-910
Hot centers, burnt (3 N 2

I

lndependem. chucks. .............en 402
Index ﬁn.ndmg for milling cutters. .814-827
Index head and footstock. ...... 1021, 1022
Inde _milling }; ....... it .101 0—1:;(2)

ndexing in the engine lathe..........
Indexing, dlﬂ'ervenngl ....... 023-1025
plain. ........... .1021-1023
rapid........... .1019-1021
Indexing plate, use of.......... 1022, 1023

Indexing reamers, principle of.

thi
Indicators, dml-

131
..1210-1213, 1249,
1251, 1252 1259, mo

Inserted tooth milli

cutter,
005, 1606, 1019, 1043
Inserted tooth milling cutter, grmd-

m{f. e ieeraeieieieieens 815,816
Inside calipers................ ...801, 802
Inside micrometer calipers. .. .802, 504
Inside square threading tools 815, 516
A n'lumng ...... 5, 506
Inside threading tools, United States
standard or S| Ve, 8086, 507
Inside Twenty-nine degree threading
toOl8. .. ... i 525, 826

Inside United States standard or Sharp

V threading in the engme lathe. lOHlO
Interchangeable mach 60
Internal gnndmg ................

Interrupted thread ta

Involute gears. .....

Jacks, levelin¢....‘.J. ........... 913,921

gai‘ni:grt:pep. . ml.lhng RRRTAD p‘rﬂaﬁ.‘:%

Jig reamers............. 604, 605, 619, 820

Jig bus.liii'n‘(: grinding. . ... ... ...820, 830

Jm for hppmg 6
A l'

K
Keyway in hub, planing straight. . .... 925
Keyway in pul ey or gear, 027
BBPOL. . ot eiieiniineraenaeann
Keyway in shaft, planing........... 924
Keyways, milli 1014 1015, 1030, 1031
Knurling., See urlm:.
L
[M'.} BTN . + .o iieeiia s esaeaneees
Lands of reamers........413, 820-822 1030
Laj "'.'.'.'.'.'.'I?IIZilil:lil:ﬁlns-nsl
L‘pmngcsnm;al:glul ........... };gg. ggg
ing stan 3
E 45 o st 11 111
Latheapron.................e.. 107-109
CONLOrS. .....coovvvvrrennn 113-117
dogs ordrivers. ............... 118

holders and cutters,
305-312, IOG-JOS. 514
tools for cast u'on eacsscane 133
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Lathe toola for steel or wrought iron
30i-814
Lntho with rapid change-gear nec{:laa .
Lathe, 'eio'éc'riéﬂi,}-;{rl\}.fi engine. . 113,113
engine................... 101-109
L 101
Lathe bed, milling.................. 1017
“::I" md ............. 927-929
oen ng,
115, 711, 809, 831, 832
mounting work on,
llO 201-203

truing ewne
Lathe spindle, making small . .
Lathe tools, %l:)‘lee for. 125,12

chart of fo!
clearanoe of .
cutting mlea of. .
of..... 145-148
ht of ....... 128, 13 1—134
.............. 1285, 126
Lathe work, axis mdxcuwr for........ 12
center holes in. ...... 117-124
nvmg ................. 118
............... 205-207
lpsedo and feeds fo!

llb—lﬂ. 240, 241

measuring,

143-145, 207-209, 211, 212,

320, 801, 802

Lathe head and fooutock planing. .... 929

Lathes, attachments for
110, 115 230, 231, CSG—:Z:

of eng
Laying out lmlaa in engine crank. . .407, l08
two-throw 90° crankshaft

threads
Leveling jacks.................. "913, 921
uper work in milling ma-

ce gage
Limits used in nnng gear blanks. ..... 1104
Limit in milling

L BBEEB..........i.iieiieeieiizeies
Lmed‘“ ng. See Ali drilling

and tapping.
Line r 8 See Ali t i
Lining lathe centers. ............ 116,117
Live center. ... 114,115

Lock washers.
Long feed, la
Long screws, thres
Lubricant for bmachmx
milling cutters
Lubricants for cumn; tools.

Lubricating or on‘l:l:‘ be.nnn

INDEX

M Pacz

Machine originof..............101

Machinists’ hammer.......... .. 121,122

Magnegic chucks. . ........... .. 823-62;5

M tised master blocks. .... . . .802-8M

Mandrel or arbor block .. ........... > isa 23

17 S,

or arbor press. . . 230, 422, 4’3
Mandrel, eccentric. . .. ...l

making standard. . ... 1:03—130.

ng U. 8. 8. nut.. . 1308, 1209

aof'. Inmmen for dnm. .- :‘;‘:

Mandrel dunennons. standard ... 1304, 1205
Mandrels 420426, mz—uos

40, 1208, 1209
standard lohd .420, uoo-nns

4’3
Mumllcmrm‘ typo of mill
Muur biocks, magn: 'e},.'{e}i.'.'.'f .. .80
Material (stock), inspection and m
Mmment. of...... S b sk élitss
easuring angles with sine .1%8
ding work

..m..gf“" work,
3-145, 207-209, 211, 212, 320, 501, 502
rk 1010, l:ll

31
Micrometer, alining planer table with . .809
Micrometer calipers......... !)7—1 10
calipers, inside .

mnm-c""di'ehh'.'.'.'.'.’.'.'f.'.'.'i' - 183
tter..........o0

duplicate work. .
of shaft squm ..... 102
inudel" s
rregul
im and ﬁxt:lm ....... Ll.l'l—lll’
s or slots in shaf
oyways o 10141015, 1013

uare head with end mill, !.28. 1029

s of cutter. . 1037, 1038
illi outm.

03¢, 1937

el
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INDEX 9

Milling cutter, m.lnng plain. . ..1324, 1325
Milling cutters, :hnglu of....oivnnnns 1906

00“”'00

ncant. for......... .09
n‘ teeth of,
1036-1039, 1224, 1225,

1241, 1242

1043, 1047

...1011

machine vise
Mnllmg machine, plmer type
mu;uhcmre
of..........

hﬁillllmg mnehlnu.dvem;ml. et work 104
machine or taper wo

Pl ohize d o 1030, 1940

Mil in‘ work. measuring....... l.lO :’};

ndo or radial (shell-end)....... 1000
Monelmetal..............co0c.uun.n 834
Morse tapers. . -328-231, 233-235, 337-239
Motor-dnven tools,

Mount\n; work on lathe centers,
118,119, am-aoa

milling
Mulnplo-qundh drilling machines,
003, 604, 610
Multiple threads . ........... 319, 631, :32

mm .m;lungU

o
Ohm.....ciiiiiiiiniinniannennnes
Oil, kerosene. ............c.coovuvsnnn

lud ..........
mn ..... e
planers

Oil stones, Arkansas
Carborund

Pace

Qil stones, India........ eeece.. 143,148

Qilstoning tools. . ............... 143, 822
Outside eter of gear blank. ...... 11

Parallels, Oll‘ wedges, ph.m.ng taper..... 917

N T ) o Y

Plcklmz md tumbling castings mdl. 10
m°?.;“.':.;::::::::::::::::::::::::..

BAPEr. . o iviiiiiaianniraes 418,419

Pipe tap, thretdmg .................. 324

ul‘-nm( revolving dead center

parallels
shoe plfor holding work .
templets. ................
tools and side heads, speci

.04. .21 .22 924

-typo milling machine. . uu. l:l7
Planer table, redroesing. . . - ooo. . ... 10
tool, left diamond point........ 906

special gage or pattern for
tti pe 921, 922
905, 925

spring of 920
work with surface gage. alining.921
mt.hout. surface gage, mh.n-’2l

................... 17
dueetnon of feed or cut for 917
slide rule for timing....... 936
time of feed for........ 917
Planer rail in alinement, setting...... 909
Planers, classes of . . ............0000n 90
cll?unu ....................
Planing dnlhng jigs.........
keyway in ﬂ:nge

Iathebed................
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Pace
Planing upor keyway in pulley or

pu-alleln or wedges
. worlimavme ......
Planing, angular................
beveling end of castings for...917
horisontal . ............. 1
s and feeds for. .904, 906-908
eeslot................ 923, 924
. vertieal....... ... ... 909-911
Plate jigs.............c0viviainn..

gages,

223, 1228-1230, 1232-1335, 1237

Plug gages, grinding 1234, 1235

Plu mothod of secuntaly locating
...................... 1248—12%

clnmps

Polishing, ubrnmves speeds, and ma-
chines to use for.....432, 433
order of applying emery clo

for
Power reaming in engine lathe. .. .417-419
tAPPING. ... 607, 608
Precise location of holes in jigs and
accurate machine parts...... 12481263
Precision Screws. . ............ 1236-1238
Press fits. Ses Forcing fits.
Press, forcing. . ................. 8, 220
mandrel or arbor. ..... 220, 422 423
Profili str(nghulemng ....... i ok ) {;:;
rofiling (Duplicating irregular orma
Protractor, bevel.............. 1127-1129
vernier bevel............ 1129
Pulley, chucking................ 411,412
lchedulo of operations for msk- 22
Pulleys, locaung set screws for. .. o 8—:;?
tapering or crowning.....

Punch, center................... 121,122
Pnnchm¢ ....................... 546. 547
R
Racks, milling..................... 1112
Radial dnlhng machines. 606609

facing cylmder ends

Rake of Iatho tools. ...... .125, 126
tooth milling cutters...... 1043, 1047
Rapid indexing. ... .......... 1910-1821
Rawhide hammer. .................. 422
Rawhide, machining................. 420
Reamed holes. .. ................ 413-419
Reamer wrench .................... 414
Reamer, grinding taper.......... 822, 823
making hand......... 1226-1228

Reamer to size, stoning.......... 821, 822

Reamer with Cup d‘ ‘heel, gnnding

Reamers for brm ...................
eamers, adjustable............. 415, 416
broach ................ 418,419
................. 120, 122
clenmnmof 413 811-813, 820 822
expanding. . e 415, 4

flat chuck.mg

. Pace
Reamers, fluted chucking. ....... 417. 4%
flu ugg .1029, 1930, l.g;-lg:ﬁ
ndi u 2 SR 2, 823
d“;:‘l . pe ........ i 4 lS-::;
rreg y spaced teeth on. ..
11 S, €04, 605, €19, 821
ands of .. .. .. 413, 820822, 1835
principle of mdexm; hand. . 1034
mle ucking.............. 41s

pe;
Reaming stand
Reaming taper holes in a speed la

O o T P 4!8. 419
Reaming, allowances for............. 413
finish..................... 412
Reaming in sngine laihe, hand, | 416, 412
in e e lathe, e s ae 17

wer.. . 417419

r.
Reaming in reaming stand, band.. 4185, 416
vanl dnlhng m

..... .415
Reaming in vue hmd .
Reaming with jig, power alinement
Reumng with shell reamer, hand aline-

Referenoe disks.
Rest, compound..
Rests, follower or back........... €28, ¢
steadyor center........... C?H‘zi
Revolutions of lathe. ............ 146, 147
Rib (or tongue) fixture............... 915
Right and left milling cutter. ........ 107
ng gage, sundnrd .. 223, 729, 1;08'1230
Roll t! retdn ...................... 319
Rose chucking reamers........... o418
Rotation for milling. correct direction
of ..... 1007, 1008
incorrect direction
...... 007, 1008
Rotary jigs. .........ovviiieiennns
LT3 P
Roughing cut. ....
tools.........
Round-nose tools..
hand tools. .

Round-nose tools, gnndmg
Rubber or fiber, machining hard...419, 430

ule, gear...............
Rules, standard steel
Running fits . 215 2331, 232
Running fits, turning and ﬁhnx .314-317
Rust or corrosion, prevention of...... 151
Baw, grinding sides of alitting. ........ 827
metal slitting. . ............... 1018

Schedule of ratnons. See Special
Index of Prgﬁ .
Scraper, genver hole

round-nose
Scraping cast iron in an engine lathe,
425,426
Scraping fillets of castiron........ 426428
Screw bunters for planers. ........... 914
pins for planers........... 914, 915

Screw cutting. See Threading.
Screw threads. See Threads.
Screfw threaded work, root diameter
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Screws, lead. ............... 108, 109, 319
Precision .............. 1236-1238

Screws and stud boits, drilling for.607, 808
Seasoning of ground work............ 714

Shaft, gnnding a slender. .
making eccentric
mlllmg keyway i
polishing. . .....
turning a slender.......

Sbnft blanks for grinding fits,

bhaft blmks for turning and filing fits,

M. 315

Shaftiog, rods and bol h 316,317
aft 5 ant ts, ltl‘ll‘ temu.
e 134, 138

traveling-head. ..........

Shaper vise, swivel..................
Shapers..........coooiiiiinienieinens 930
shsrpemug L7V ..
Shear planer tool
Shell reamers. . ..............

Shoe, planer........................

tools, grindi
Silicate grinding w. eels
Sinebar................
Sine bar, measuring angles w:

tapers with.

Slender shaft, gnndmg ......
Slide rule for tumn( phner work....... 36
Sliding fits. ...............c000eennn 216
fits,tableof .. ............... 216
Soap mixture for cutting tools. ....... 150
Soda water for cutting tools.......... 150
Soft hammers for driving mandrel. . ... 422
:olld ul.l b d lampe T :(2) ;

pecial planer clamups. . ..............
tools and mde heads,

4, 921, .22. 924
Speed for lathe filing............. 205. 206

« Speed indicator, surface speed attach-
ment for.............oceuuunn

Speed, measuring cutting
Speed of belts, changing
Speed lathe, chucking in
tapping in. .
reading in.
Speeds and feeds for f
athe wor
145148, 241, 242
milling 1008
. planing 4, 0—“)8
Spermoil. ..o 148
Spiders for mandrels................. 422
\pmdle. making lathe
piral gears. ............. ..
-Splnl milling................. 1239-1247
cutters.1006, 1011, 1047, 1648
Spring calipers. ................. 143-145
chuck..................... 5
of planer work................ 920
tools........... 305, 907, 910, 1216
Spur-gear pinion, preparing blank for. T,
1108, 1109

Pace

Spurgears.............oc000nn 1101-1113

Spur pn:ilon and gesr, cutting. . .1110, l= 1 ;
L T

Sqmre-nooe lathe tools............... 135

Square-nooe planer tools. ............ 907

uare, calculating diameter to turn
lank for milling or filing .1025, 1926
Square, milling end of shaft 1028, 1029

Square thread nut, making
8Square thread screw, making §16-618
bqunre '.hread screw and nut. sectional

hrudm;
hreading mola. grinding. .
reads

cast iro
Squaring steel or wrought. iron
¢ 301, 302, 306-309, 312
Squaring to shoulder. .. .. 132. 339, 505, 506
with inside squaring tool,

808, 806

Squaring, nooved dead center for..131, 132
method of. .30 2

Standard :mr limit gages. .

eady rests
Steel rules. standard......... 143. lOl.
Steel for tools, sizesof . . . ........... zon
Steel or wrought iron, cutting speed for
planin ...904

dian on: pom'.
tool for finish
turni
dian on pom'.
tool for rough
turning.......
fnem¢ large work
fecd for planing..904
finish planing 6, 908
finish turning..304, 306
lathe tools for. 80;—:(1) g

. pl;n‘r%i ...... .07 bt
ro aning .
tnmnng—ﬂm
301 38(2)7306—
squaring 301, 302,
309, 312
Stellite. . ......coiiiiiiiiiiiiiaa 310
Step Llocking................... 415,913
method of squaring......... 301, 302
Step-boring for taper holes. . ........
Stock (material), cutting off....... 313, 314
inspection and meas-
urement of........ 150
Stoning reamer to size........... 821, 822
:trngkt dznnd.\ ........ i 8:}2 829
tru( t grninding, setting swivel ta
...................... 712, 727. 809
Stnught turning and fitting....... 231

. 332
Straightening press......... 124, 125, 1217
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Pace
B'_,l. ing hardened and tempered
............................ 1217
Stru.humnc shafting, rods and bo{t;‘. 125
Strapping work to planer table 914
String fixtures for planers.......... .925
Stub mandrel
gmd bolts.............
1t
Stud bolta and screws, dnllum for. 007 €08
Studs lor driving large work . ......... 423
g“:-fd. y gower. setting.......... ;g'{._ggg
urface grinding. . .. ............
machines. ........... 801
Surface gage, alining planer work with..921
Surf speed attachm wfnhoi;:eed 0t
urface al ent for
indicator. ................ ..., 146, 147
Surface speed, table of number of revo-
lutions required to obtain 240, 241
Surface ing (plane). . 801-807
Swing of lathe....... ..101
Swivel shaper vise. 2, 933
Bwivel vise, (radunad
Tasie gining v
'anite grinding wheel............
Tap, interrupted thread
sharpening.....................
Taper forcing fits. . ......couo...
LR
PIDS. . oottt
TEAMETS. . .. ouuninnn.
running fits...................

“226-231, 622, 623, 1131, 1132
turning with taper attach

230, 231
Taper, setting compound rest to turn. .1132
turning and fitting a 228, 229

Taper bushing, grinding.
collet, grinding. .. ..
Tnper gnmimg. setting swivel table
L+ S 7
822, 823
..730, 731

Taper reamers, grinding. .
Taper hole in spindle, gnndmg
Tnper holea in a speed lai Yy pomi-lg .
Taper pnmllela or wedges, plunng ..... 917
Taper pin reamers
Taper shank of end mill, grinding.
Taper shank twist drill, mnkmg lﬂb—l’ﬂ
Taper work, setting tool to thread

Taper work in vise, pl

rmigor crowning pulleys. .... 84

Tlpe rown & Sharpe. 233. 235, 237-239
mlculnt duunoe to set o’ve; -
ndmg 713 721 725,726, 130 73;

methods of grinding.......... 712
Morse. IZ8~231 l 3-235, 837-239
standard and apeeml 226
tables of footstock set ovem for
turning. .............. 7—230
use of patterns to obtain
Tapping attachment. .
in engine lathe
lathe.
‘Tapping, dmement dril

Pace
Tape, adjustable. ...................
BroOVIDg. . ....covovunesnn
ing......... 324, 325, 1215—1323
multiple-threaded. .. ...........
th“‘n' thread....... 616, 1220, u:;
reading pipe.............
Twenty-nine degree thread,
526, 1222, 1323
United States standard. . .1318, 1219
Tee fixture for planers. . .........
slot planer tool lifter. . .
Tee slots, milling................... 1042
Templets. ........ecnvronnon.. 437.4
Test indicators...... 1210-1313, 1249, 1250,
Tensil imen, making. "32«‘3‘?
‘ensile test specimen, ing 4
Thread ea!ipen .....................
' 113, 324, 325, 507, 626, 1216
indicator.................... 336

micrometer caliper. .

Thread to a shoulder in an ennne lathe,

CUtting.......ociiiniiinnaaa. 832. 810

Threading dies 542, 543

Threading in engine lath:

31 HSB '342-349, M'

in speed I a L 542, 543

long screws. . ......... 336, 337

nuu ..... llo 343, 806, 507. 538

per work............ 342, 325

eool holdem and cutters. ”8. 814

mthnpldehwmelelta o
calculating compound gear-

ng for........cooun 333, 325
clncuhuu simple (ennm

for 326, 327
c-.lculaung gearing for frac-

Threading,

821—'23 l&l 8§11, 512, §22
rlt. lathe for. .. .I)3. 331

........... .. ’6. 327

Threading in the lathe,
8506810
Threading tool, spring. .. ........... 1216

Threading wola
308, 823—320. 338. 506816, §21

§24-826, 1216
tools, in
138-140, '24—.26. 515, §24-826
Threads perinch................ 320, 32!

Threads, British A-oeut.\on stand-

rolled 19
Shll'p V.. 318-343, 356, 806-810
Square...... §10-521, 1330, 1221
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Pacs
Threads, Twenty-nine de;me.
521-531, 1222, 1223
United States standard,

81%822. 323, 325, 326, 331,
$06-§10, 1218, '}g

ard. .. ..ciiiiiiinnasn 337 338
Thumb puts, making brass nurled, §36, 837
Time alement .301
%“dm‘“)ﬁ for pi oa'zo
o or ri xture for planers, .9135, 91
o:fm ders and cutters. See Hol
ders and outters.
Tool i

Tooth rest for cutter grinding,
Tooth clearance, gear...............

Tooth, worlunﬁ de th of gear........ 1107
;:‘ot.h at > Dess .

lwelorwrough

Tur for glm ....... 150
Twent.y-mne degteo

Twenty-mmdemthmdup mak-

ing . 4526
Twenty-nine d threads. . .... 521-831
vaventy—mm degree threads, formulas 522
Twist drills, chucking with...........

making........... 19431047
Twist drill, three-groove. . ... etenens 410
OUr-GTOOVe. ¢ e cevvvenennn 410

U
United Btates standard tap, mak
United States standard
grinding

1218, 1219
.335, 326

Paax

United States standard threads,
318, 822, 326. 326, 331, uc.ns&o-no.

1219
United States standard umead gage. . .326
United States standard and Sharp \'
threading tools.. . 308. 823—328, 600. 807
United States st ds

viewof.... 318, 323
Units, electrical ... .026
Universal chucks ....403

grinding machine....... 702, 703
milling machine...... 1002, 1003
..................... 1013
inder............ 141,143

Univonnl machine, operat-

Y 1]

Vernier bevel Protractor.............
hmg ....... 111-218 117, llll
t
‘fﬁo—nu. 1259, 1263, 1204
Verﬁed and ocircular milling at ttach-
...................... 1043, 1044
Vertiu.l boring and reaming....... €17-819
milling machines. . .

€08, 009
on mble. setting milling mmhl:e L1011

swivel shaper.,............ 2, 933
5 univar-l ............. 1013
¥ t.nﬁed ............... 10‘_;(2);
i mnduu wheels. . ..
¥°ll"dhl ......... 104,%:
ulcanite grin: wheels. .......
ulounw.m TG~ 419, 420
V threads, sharp. . . .318-343, 356, 506-810
w
Washers, lock............coiiiiiiinld 356
Water mwmg. . dmgmm!n .713, 713
for grin )
e 713,715, 716
Wnur for cutting tools, soda.......... 150
Watt. .. .io vt iiiiiiii i iiaaaes 626
Wet '.ool grinder. ...... .00 00 140-142
Wheels, cus.. .. 812, 813, 820
grm.' ding 04310, 808
ing . e 3
Wheels and belts, polishing with...... 440
Whitworth (English) s ard thread-
L2 T 338
threads. ............ 337, 338
Whitworth thread screw, sectional view 237

Wrench, socket or chuck screw..§46, 547
Wroughv. iron, ;:muflc f 904







SMITH BLUE-PRINT HOLDERS
AND TEXT-BOOK HOLDERS

FOR SHOP AND SCHOOL
—PATENTED —

AN IMPORTANT ADVANCEMENT IN THE
‘CIENTIFIC MANAGEMENT OF TRADES, INDUSTRIES AND SCHOOLS

Saves Time Saves Blue Prints Saves Eyesight

onvenient Reduces the

ocation for motions of
rapid read-
ing.

Increases

workmen.
A Law of Op-

tics obeyed;
efficiency.

Unobstructed

perpendicular
line of vision.

view. Saves eyesight.

RIGHT WAY.

IMPROVED METHOD OF HOLDING BLUE PRINTS MOUNTED ON
SHEET METAL OR CARDBOARD.

Blue print cov- Slanting line
ered with tools.
Soiled and

damaged

of vision
causes eye-
strain.

print. A Law of

Slow reading.

Obstructed view.

WRONG WAY.
OLD METHOD OF HOLDING BLUE PRINTS,

INDUSTRIAL EDUCATION BOONK CO., Boston, U.S.A.



Holds mounted Can be quickly

or unmounted changed fronm

prints, draw- mounted tc

ings, tracings, unmounted
sketches, prints.
or notes. Re- May be swiv-

volved to suit elled, raised.

position of work- or lowered.

man.

RIGHT WAY.

IMPROVED METHOD OF HOLDING UNMOUNTED BLUE PRINTS.

Workman must Often stops

tutn around machine
to read draw- when turn-
ing. ing around.
Loss of time. Loss of ef-

ficiency.

WRONG WAY.

CRUDE WAY OF HOLDING UNMOUNTED BLUE PRINTS.

2



Workman turns Unhandy, incon-

round, picks venient loca-

up print, tion.

reads it, Destructive

lays it down, to prints.

turns back to Waste of time.

lathe. Inefficient.

WRONG WAY.

ANOTHER OLD WAY OF USING MOUNTED BLUE PRINTS.

Print covered Print soon be-

with chips, comes so soiled

and that it is

often torn. difficult to

Obstructed view. read figures.

WRONG WAY.

ANOTHER OLD WAY OF USING UNMOUNTED BLUE PRINTS.

3




How to Oberate Blue-print Holder t
Hold Mounted and Unmounted Prints.

Up/ Down! Presto!

Lift the «Lift,” " Quickly oper

insert print; ated.
lower ¢ Lift,” Efficient.
which se- Neat.

cures print, Print not
as at ‘A"

Simple fixture.

soiled or

damaged.

Lift the «“Lift,”
insert top of Rapidity.
print, lower Print not soiled
“Lift.” or torn.
Gravity of No clips, n
“Lift” and

force of the “In-

springs, n

hooks, no repair:.
clined Plane” grips Nothing to get ou:

print as at ‘“B.” of order.
INSERTING UNMOUNTED PRINT IN BLUE-PRINT HOLDER.

4



Blue-print and Book Holder Combined.

Book held open May be swiv-

jat proper angle elled, raised,

for reading. and lowered

Keeps book independently

clean.

- A TEXT-BOOK HOLDER WITH TRANSPARENT CELLULOID COVER
TO PROTECT OPEN BOOK, AND BLUE-PRINT HOLDER
HOLDING MOUNTED PRINT.

Blue-print Holders and Book Holders may be used logethér or separately.

Brings the in-

or machine. formation

Will fit any- convenient to

|

where. the operation.

‘TEXT-BOOK HOLDER FASTENED TO BENCH AND HOLDING BOOK
OPEN, AND BLUE-PRINT HOLDER HOLDING MOUNTED PRINT.

S



How the Pages of a Book are Turne
in the Book Holder.

Simple! Effective! Rapid!

TRANSPARENT
. CELLULOID .
Weighted covemn o Hp No closing

hinge on of leave:

top mar- just wher
gin, holds you war!

book open. informa-

tion.

OPERATING BOOK HOLDER.

SWING HINGED, TRANSPARENT CELLULOID COVER BACK BY HANDLE
AT EITHER END OF HINGE AND TURN LEAVES OF TEXT-
BOOK, THEN SWING COVER ON TO BOOK.




A convenient Out of the way

fixture for and not lying

drawings on bench

when laying covered with

out work. stock and tools.

BLUE-PRINT HOLDER ATTACHED TO PATTERN-MAKER’S OR
WO0OD-WORKER'’S BENCH, HOLDING MOUNTED BLUE PRINT,

AT LAST.

Large Unmounted Blue Prints Taken Care of
in the Shop.

For small prints,
Rods quickly

‘ rods unneces-
adjusted for

sary; may be

different /#;,‘e"_'-‘:u

- —

removed
sizes of
and kept in
prints.
tool-room.

EXTENSION RODS ATTACHED TO CENTRAL DEVICE HOLDING
LARGE UNMOUNTED BLUE PRINT WITH GRAVITY CLIPS
A, A. B IS AN END VIEW OF THE DEVICE,
C THE LIFT, AND D THE ROD.

7
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METHOD OF FASTENING BLUE-PRINT HOLDER AND TEXT-BOOK
HOLDER TO BED OF LATHE.

or any machine, by a fixed arm bolted to bed by tw:
hexagonal-head cap screws, §' x 16 x 1}”.

COMBINED ()
BLUL-PRINT HOLDER, -

METHOD OF FASTENING BLUE-PRINT HOLDER AND TEXT-BOOK
HOLDER TO BED OF LATHE.

or any machine, by swivel arm bolted to bed by two
hexagonal-head cap screws, " x 16 x 1}*.




VIETHOD OF FASTENING BLUE-PRINT HOLDER AND TEXT-BOOK
HOLDER TO THE TOP OF BENCH.

by flange screwed to bench with four. §’x 12 flat-head
bright wood screws.

METHOD OF FASTENING BLUE-PRINT HOLDER AND TEXT-BOOK
HOLDER TO BACK OF BENCH.

by flange with three §"x 12 flat-head bright wood screws.

, METHOD OF FASTENING TWO BLUE-PRINT HOLDERS AND TEXT-
BOOK HOLDERS TO TOP OF DOUBLE BENCH.

. by double flange screwed to top of bench with eight }*x 12
flat-head bright wood screws.

9



Smith’s Text-books on Machine Work are Standar:

FIRST BOOKS ON MODERN INDUSTRIAL EDUCATION

TEXT-BOOKS ON MACHINE WORK
By ROBERT H. SMITH

Massachusetts lastiute of Technology

For Apprentice, Student, Specialist, Machinist,
Shop, School, College

““ They Cover a Field Heretofore Unoccupied”

AN EXPERT TNMACHINIST
_says: ‘‘It has taken me a lifetime
in the shop to learn what is in
these books.”

A TMANUFACTURER says:
‘“ Every apprentice, young ma-

Price $2.00 chinist and machine specialist

Price $3.00
should have these books.”’

" AN INSTRUCTOR OF TMACHINE WORK says: ‘‘ For con-
densed and classified information and fine illustrations.
they are the most perfect books ever written on machine
construction.”’

The Finest lllustrated Text-books.

I0



Read What Educators and Manufacturers Say
About These Text-booKks:

EXTRACTS FROM LETTERS

DR. RICHARD C. MACLAURIN, President Massachusetts Institute
of Technology, Boston, Mass.:
“You are dealing with matters that lie at the very basis of a great deal of the work
for which the INSTITUTE stands. The labor involved in putting these books together
must have been enormous.”

i PROFESSOR EDWARD F. MILLER, Head of Department of Mechani-
ocal Engineering, Massachusetts Institute of Technology, Boston,
Mass.:

“Since the introduction of the Text-Books on Machine Work, the students ask
fewer questions and less time is required by the instructor in the lecture room, thus
making more time available for work at each exercise.”

‘ PROFESSOR CHARLES FP. PARK, Director of Mechanical Labora-~
tories, Massachusetts Institute of Technology, Boston, Mass.:

** These books have proved to be a valuable aid to the instruction in our Mechani-
cal Laboratories. Much time has been saved by their introduction. The students
follow the work understandingly and require less attention and a smaller amount of
demonstrating. The value of the schedules of operations cannot be appreciated by
one who has not used them.”

PROFESSOR PETHR S8CHWAMB, Massachusetts Institute of Tech-
nology, Boston, Mass.:

“These are the first books that I have seen that embody the systematic teaching
of the educational principles which should underlie industrial education.”

FROM BROWN & SHARPE MANUFACTURING COMPANY,
‘ Providence, R. I.:

Mg. ViALL: “The books are so practical and helpful that we shall urge upon our
apprentices the purchase of them as a standard work.”

Mgz, BurLiNGAME: “I felt as soon as I looked these books over that they covered
a field which up to the present time had been unoccupied.”

PROFESS8OR FRANK B SANBORN, The Ohio 8tate University,
Columbus, Ohio:

“The books have been used in our classes in filing and machine tool practice and
have been much liked. The many neat illustrations, well notated, the concise state-
ments and instructions, and the tabulated matter give clearly and quickly the desired
information. The arrangement of the books is logical and pleasing to me.”

11
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JTONE & WEBSTER, Boston, Mass.: -

Mz. HENRY G. BRADLEE: “These books cover a field on which it is at prese
almost impossible to obtain any information in a written form. I believe they x
be very helpful, not only to the young men who are studying machine work at Te:
nology but also to all manufacturing concerns doing this character of work. I:
not believe that a machine shop could do better for itself than to put copies of v
books in the hands of each of its machinists.” ?

PROFESSOR ARTHUR M. GREENBE, Jr, Rensselaer Polytechr:
Institute (Russell 8age Foundation), Troy, N, Y.:
“I believe the books are going to be very extensively used as I do not know of a:;
books that quite cover the ground so well as these.”

MR. LESTHR G. FRENCH, EBditor Journal American S8Bociety o
Mechanical Bngineers, New York, N.Y.:

“One not familiar with publication work can scarcely imagine how much k-
is involved in the preparation of these volumes, but I know personally that the dra*
ings alone represent literally years of work and a large expenditure of money frc
having kept in touch with your work.”

PROFESSOR ARTHUR C. JEWETT, University of Maine:

“We have adopted your books as a required text for our classes in machine toci
practice.”

UNITED SHOH MACHINHRY COMPANY, Beverly, Mass.:
Mz. Vose: “They will be of great service to us in our INDUSTRIAL SCHOOL.

PROFESSOR CHARLES H. CHASE, Tufts College, Medford, Mass.-

“The large number of concisely numbered paragraphs, the tabulated arrangemer:
of the order of the work and the clear illustrations make the books unusually we'
fitted as text-books.”

MR. F. J. S8CHULTE, Managing Bditor Bhop Notes Quarterly,
Chicago, U. 8. A.: ’
“] wish to compliment you on the evident thoroughness with which these books
have been prepared and to congratulate you especially on the excellence of the illus
trations, which are the clearest and most helpful I have ever seen in books of this
kind.”

MR. JOHN C. BRODHEBAD, Assistant Director of Drawing and Man-
ual Training, Boston, Mass.:
“I am delighted with the multitude of pertinent illustrations, with the tables and
with the simply worded text. I <hall have the book: put on the BosTON Aurmoz-
1zep List.”




MR. HAROLD P. RICHMOND, President American Emery Wheel
Works, Providence, R.I.:
¢We have placed these books in the hands of the younger machinists in our factory.
"We notice an immediate improvement in the efficiency of the men who use them.
Every apprentice should have copies of these books, and there are but few machin-
‘ists of any age who would not profit greatly by their use.”

PROFESSOR HERBERT 8. PHILBRICK, University of Missouri,
Columbia, Mo.:

“They are just what I have been looking for and they will save the instructor and
i his assistants much trouble in giving notes to the students.”

MR. WILLIAM H. DOOLEY, Lawrence Industrial School, Lawrence,
J Mass.:

‘“Your books are the first books that I have seen that embody the educational
principles that must govern vocational education.”

PROFESSOR FRANK M. LEAVITT, The University of Chioago
{Founded by John D. Rockefeller):

“I have examined these books with much interest and I am astonished at the

thoroughness and amount of material which they contain. I can appreciate the

. experience which they represent. Our machine shop instructor says they are the
best books he has seen.”

MR. ALLAN K. SWEET, Mechanic Arts High S8chool, Boston, Mass.:

: “You have put into clear, concise and usable form a vast amount of information

indispensable to the student and apprentice which only one who knows at first hand
both the business of machine construction and the business of teaching could bave
selected. The illustrations are particularly satisfactory in character and execution.
They tell many things far better than could be done by words.”

MR. W. HL MURRAY, Director Industrial Training, Newton, Mass.:

: “We are using the text-books on machine work in the Newton Independent In-
dustrial School and in the Newton Technical High School.”

MR. 8. 8. JUDD, Direoctor of Manual Training and Trade S8chools,
‘ Saginaw, Michigan:

“These books fill a long-felt want, — Text-books for the machine shop. I will
most certainly have each of our shop boys provided with the two volumes.”

MR. LEO AMMAN, Instructor Machine Bhop Practice, S8tout Insti-
tute, Menomonie, Wis.:

“We have decided to use these as text books in our classes and I have no doubt
that we shall find them more than satisfactory.”
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A. P. 8. HITCHCOCK, Manual Training and Industrial S8chool, Nev
London, Conn.: |

“For clearness, accuracy and scope, they are the most perfect books on machi»
work ever published. We are using them in our classes in machine tool work.”

MR. FRANK CUSHMAN, Jr, Kansas City Manual Training Hig |
Sochool:

“They are splendid. There ought to be a great demand for such books.”

MR. ORIN A. RINGWALT, North High 8chool, Minneapolis, Minn :

““These are the best books I have ever seen along the line of making machine wor.
a teachable subject.

Read What the Technical Press Says About |
These Text-books:

EXTRACTS FROM REVIEWS

MACHINERY, New Yozk, N. Y., May, 1911.

“At the pment time when many so-called pnctm.l’ books are making the:
appearance, it is seldom that one is published which is as thoroughly practia’
These books represent a great deal of painstaking work on the part of the antho
and his endeavors should be crowned with success, for they meet the requiremen::
of the class noted thoroughly, being expressed in a clear, intelligible manner.”

AMERICAN MACHINIST, New Yoz, N. Y., May, 1o11.

“There are years of experience in teaching shop work behind these books beside
the time previously spent in manufacturing, and we believe that many will find ther
a decided help either in learning or in teaching.” |

S8HOP NOTES QUARTERLY, Tump QUARTER, 1911, CHICAGO, U. S, A.
“Every technical student and apprentice should possess copies of these book:
which are quite the best of their kind that has yet appeared. The illustrations ar |
a revelation, every one having been drawn especially for the volumes and so clear
lettered and captioned that they are practically self-explanatory of the processes o
operations they represent. The very complete index is also a praiseworthy feature.” |
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>¥CLE AND AUTOMOBILE TRADEB JOURNAL, PHIADELPHIA, PaA.,
May, 1911.

¢“These two books show an intimate acquaintance with all branches of machine
ool work, combined with the knowledge of the teacher, and are undoubtedly the
irst books embodying the educational principles underlying machine work. The
nformation contained in them is greater than that usually acquired during the life
f even an expert machinist. The subject matter is arranged in such a logical order
\nd so profusely and clearly illustrated, that even such a complex subject as that
reated cannot help but be clear to any one who consistently follows the course of
itudy as outlined. The books have already been adopted as text-books by many
>f the leading industrial schools and should be invaluable to ambitious young men
:ngaged in machine work.”

THE SCIBNTIFIC AMBRICAN, NEw York, N. Y., AvuG. 12, 1911. ~

“Not technical students alone, but every youth who runs a lathe or uses tools as a
hobby, may benefit by adding these text-books to his working library.”

THE JOURNAL OF THE WORCESTER POLYTECHNIC INSTI-
TUTB, WORCESTER, MasS.:

“The books cannot fail to assist in any shop instruction, and they should prove
Ivaluable as text-books in shop courses given in most of the schools and colleges of
this country. There are no old cuts, copied from catalogues or previously printed
shop books, used in either volume. All cuts are from original drawings, many of
which are very dramatic in their execution and are illustrations in the true sense of
the word.”

THE IRON AGBEB, New Yok, N. Y., AprrL, 1911.

“These two books have been brought out in an effort to supply text-books covering
the field of machine work, and the aim has been to give the beginner in these subjects
the advantages of text-books similar to those used in studying the older subjects, so
that the fundamental as well as the advanced principles may be quickly acquired in
a logical, systematic and progressive mapmer. In both books the student is told
how to do things and the theory connects principles and practice. Machines, mech-
anisms and tools are graphically illustrated by original mechanical and perspective
drawings and condensed tables describe them briefly and systematically. Con-
densed schedules which name the materials, the operations, the machines, the jigs,
the fixtures and the tools give operations in machining and standard and typical
problems in machine construction.”

TECHNOLOGY REVIEW, MASSACHUSBTTS ms'rﬁ'u'm OF
TBCHNOLOGY, BosToN, MASS., APRIL, I19II. \

“These two eminently practical treatises upon the operation of hand and machine
tools, constitute a substantial advance in the literature of the machine shop. This
series of books well fllustrates the systematic teaching of the educational principle which
underlies industrial education. They are the outcome of many years of faithful
study and practice upon the part of the author. It is believed that they will be

* found equally useful in the school and in the shop.” _
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ILWAY AGEB GAZBTTH New York, N. V., Apemr, 1911.

"These volumes have been written in a series of two on machine work wit: =
ssire of placing text-books at the service of the student taking up this subject, s
4 the trade schools or colleges. They are, however, of value to both the studect .
apprentice. The former will find them more of a necessity, as his study of the wxi:
usually limited to a comparatively short time.”

CANADIAN ENGINEER, ToroNTO, CAN., APRIL, IQII.

“The aim of these books is to give the beginner in machine work a text-book, =
he may acquire the fundamental principles in a logical, systematic and progres:
manner. Machines, mechanisms and tools are illustrated graphically by meax .
perspective and mechanical drawings, and are briefly and systematically descie
by tables. Operations in machinery, standard and typical problems in machine =
struction are given in condensed schedules, which name the material, operstz '|
machines, speeds, feeds, jigs, fixtures and tools. These books tell how to do tt=r
with that theory which connects principles and practice, and no person s i<
or superintend the construction of machinery without consciously or unconsdiz:;
understanding these problems and applying these principles.”

INDUSTRIAL EDUCATION BOOK CO.
BOSTON, U.S. A,
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