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.Pr(:ﬁzce

No ha.ndbook serving metalworkmg can.be consxdered up to date unless lt
has been completely rewritten and revised since 1950."

This is true because of the exceptionally rapid advancement since the last
war in the methods for machining, forming, and joining of 'metals; the
improvement. in ‘cutting materials; the new constructional steels a‘ndvtool
steels; and the refinements in heat-treatment and finishing. ' Further, there
have 'been many important developments in' gearing, splines, thre#ds,
fastening devices, drafting practice, machine-tool components, and power-

sransmission‘equipment. ‘In short,the technology, standards, and practices
of meta.lworkmg have grown and broadened in keeping with the industry’s
expansion to the number 1 pos;tlon in the American economy,

These “considerations’ led to 'the 'development ‘of ‘“Fhe New American
Machinist’s' Handbook,” ‘as ‘successor to-that great wotk; “ The American
Machinists” Handbaok,” or *Colvin & Stanley’s,” as it was popularly known.
Founded in 1908 by Fred H: Colvin and carried on by him through- eight
editions, “with ' assistance by 'Frank A. Stanley, the original “‘American
Machihists’ Handbook” was considered a bible by hundreds of thousands of
shop men and engineers all over the world. -

Like its predecessor, the guiding ‘principle in writing “The Neéw Amencan
Machinist’s Handbook” has been practicality of subject matter. Infor-
mation has been drawn from hundreds, perhaps thousands, of sources, then
condensed and rewritten into a logical and coherent whole. The purpose
has been to create an encyclopedic treatment that would serve both as a
reference work and as a text to broaden the knowledge of the reader in the
many branches of metalworking activity by means of self-study.

An up-to-date bandbook compresses into small space the essentials of
important articles, technical papers, engineering and product standards.
and proved shop and engineering practice. Needed information is con-
veniently available, in contrast to the task of hunting through a mass of
books, papers, or back issues of magazines, only to find ‘that the wanted
material has been mislaid or thrown out. Then, too, the professional hand-
book writer has many sources of information unknown to the average reader.

In addition to being up-to-date, practical, and comprehensive, a handbook
must be'written to serve a broad audience. In this case, “The New American
Machinist’s Handbook ” is intended to serve as a supplementary instruction
manuzl for the vocationai.student and apprentice, and particularly-us a refer-
ence work and text for machinists, toolmakers, machine-repair men, inspec-
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iv PREFACE

tors, foremen, superintendents, managers, cstlmators, process engineers
production and manufacturing engineers, tool engineers, product d&sxgners,
machine designers, draftsmen, purcbe.smg agents, and general exécutives in
the metalworking industry.

A modern format has been a.dopted for “The New American Machinist’s
Handbook.” . Subject matter is divided into 45 sections grouped in 11 parts.
For example, Part 1, Machining Methods, consists of 614 pages on 13 machin-
ing subjects: broachmg, drilling; files and burrs; gears and gear cutting,
splines and serrations; grinding processes; milling; planing and shaping;
reaming; sawing; threading and thread systems; tapping; turning and boring;
and screw-machine work. Part 2, Metal-forming Methods, logically groups
spinning; pressworking and cold-roll forming; forging, upsetting, and cold
heading; cold working of metals; die casting; and babbitting of bearings.
The remaining 26 sections are likewise appropriately grouped.

An important feature of this book is the care with which all information qna
smgle subject is combined in one section. For example, if you are interested
in how to drill a specific material, it will be found in Section 2, Drills and
Drilling. along with drill types; gnnds and selectien, and not scattered
through the :sections: on. mtem.ls, ‘which are reserved for propemns
unalyses and forms. ;

: b

Acknowiod‘mu. Compilat:on of a handbook can be aclueved only
with the active support of many scores of individuals and organizations. .In
this book I have had the active help and wise counsel of Fred H. Colvin, - -He

prepared certain material and made the index. = The American Machimist

- and. Preduct Engineering were the sources of most -of the material derived

from magazine articles. Then, too, much help was given by the AISI, ASA,

ASME, SAE, AWS, the Metal Cutting Tool Institute, the Fasteners Insti-
tute, and many othe; associations, private companies, and individuals,

Ruperi Le Grand
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MACHINING METHODS

Section 1

BROACHES AND BROACHING ,
Consultons: C. Morawsky, Chief Tool Designer, ne
b&trmt Bm‘t:h Company . e
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*ﬁl BROACHES AND BROACHING -

Definition. Bmchlng is a generating process, whereby metal is removed with a
multiple-point tool; usually a bar, with tooth height increasing from the starting end.
‘When the broach is pulled or pushed through or over the work, each tooth removes
a chip of uniform thickness, in 1;oionntr-,st to a milling cutter tooth, which removesa
- wedge-shaped chip. ickness normally renges 0007 to o.001 in.,
depending on whet]z@?%u‘tdﬁ@ is being"doné by 'the wlmﬁ” iemiﬁmshmg, or
finishing teeth. Usually one pass completes the hole or surface. .

Applications. Broaching ‘is firmly established as'a mau-proﬂuchon prooen ‘but
is used also for short-run jobs. Some broaching machines ‘are specially built to
machine one product, like a cyln;der blm:k, othgm permit rapid changes of broaches.
and work-holding fixtures for a variety of pieces in small lots. And, of eourie, I'ﬂ‘ere
are simple machines for occasional keyway-cutting jobs and the like. :

Broaching is econorical‘bécausé only a single cut uusunlly neqand;ﬂmhc-?’
oquthp ﬁmshmgbet <;penﬁnn¢m m«nmdsd “The procm is also eoonomLhecqm

number o

face; and epm W&%hmw stroke and tonnage of the machine, = 70
Kinds of Broaches. A pull broach icuts when it is pulled through a helewr overa
© surface. A push cuts:when it is ‘pushed through a hole or over a surface. . -
- Broach classifical :
1. Method of opaahon—-pull or push i
2. Type of operation—internal or external.
3. Construction—solid or built-up.
4. Function—keyway, surface, round hole, serration, combination round and
“spline, spline, helical spline, rifling, and burmshmg In helical spline cutting and
rifling, the broach may be rotated by a special head, lead bar, and puller adaptef.

: H § - Follow-rest grip,
Roo? diameter ==~_
| L e e
N Pult end Semi-finishing teeth -~ ~ -’I
=< 3=~~~ Roughing feeth-=-== e oi o
[ Front pilof -+ =5 ougIing T 57 i i
[ """" Shank Im_qﬁb ''''' "F"-----C utting teeth========= o feeth
S i e s 0y¢mll/4ngM-----'""""“'»‘“'-". ------ ot I

w.x. Typical internal broach of the pull type. '
1-2 ¢ . «wmp :
[ B v‘ ) ® ; o L




PITCH OF TEETH ’ '1~3

O v,

Shear angle - .
‘ ) - Straight
. ) feefh
face angle - . _ L Land : Back of f or
Pifch angle
PR el IR =
Dep/b o

* P16. 2. Broach domenclature.

pio od 552 i BROACH DESIGN
'l‘he broach user is moerested in broa.ch design as an aid to select the proper toal
‘for & job:. .Broaches.are ordinarily designed by specialists because of problems in
corvest design for.specific circumstances and difficulty of manufacture.
mxm -Steels used in manufacture of broaches are tungsten and moly
qubidam!tmg sections have been brazed or inserted in broaches.
Som:o(thcmmmbmwhumuumsdmmﬁhmle-pmm tools
which ¢an easily be removed; sharpened, mdrephaed ]
Pitch of Teeth. Pitch, or spacing,
of teeth (Fig. 2) affects chip space .
and strength of the tooth and con- ! .
-trols the number of teeth in contact . : LS (AN
with the work and ahgnment while in
_the cut. Pitch is determined by v
1en?ettafiﬂ cut, bdnp :I‘lilcknée:. and  Good chip formation Poor chip formation
ma ng roach t iron R
does not require the chip space neces- fe[gal CEP i depends G sl o
sary- for steel as cast-iron chips
“ ¢rumble while steel chips curl up and need more room.
The Broaching Tool Institute suggest the formula

Pitch = o.35 V/length of cut

Exampre: With a cut 4 in. long, the pxtch isg.35 X2 =o. 70 in, For a g-in. cut
in the same material, the pitch is 0.35 4/9 = 1.05 in. This gives more total room
for chips but not in proportmn to the length of the cut. Table 1 gives dimensions
of round broaches for various cut

For successful broaching, at least two teeth should always be engaged with the
work, and three is better. This holds true for both horizontal and vertical broach-
ing. It is better to reduce the c.h:p per tooth than to use too iew teeth, where the
‘power of the broaching machine is limited.

Differential Tooth Spacing. If a broach vibrates and leaves tooth marks on the
work it may be advisable to vary the tooth spacing in groups of twe or three teeth:
‘This prevents chatter in 'pteml broaching. On surface broaching, chatter may be
caused by contact with more than one surface at once. g

'
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14 ' BROACHING'

- Gullet Dimensions. Gullets between teeth should be reund at the bottom and
have an area ten times the cross-sectional area of the chip for steel. For cast iron
the gullet area should be five times that of the chip area. If a spiral chip, as from
steel, curls into too small a chip space, added resistance dulls the broach, causes
rough work surfaces, and may break teeth and overload machine. Good chip

fcrmation (Fig. 3) is essential. : s

Cut per Tooth. The size of chip removed per tooth depends upon stage of the
operation—whether roughing, semi , or finishing. Roughing teeth on
breathes for steel should be designed move narrow thick chips by use of chip

‘breakers. Such chips are easily removed

Sreeis. In general, the chips removed in roughing steel should be from o.005 to -
, 0.010 in. thick. The semifinishing section removes chips about o.cos 1.n thick; the
* finishing section takes chips about o. 0005 to 0.002 in. thick.

For free cuttmg steel use a cut per tooth of 0.004 to 0.006 in. on dia for sphnes and
- ©.0015. t0 0.003 in. on dia for round holes. For keyway and surface broaching use
©.003 to 0.006 in. per tooth,

NickEr-arroy STEELS. For broaching spline holes, cut per tooth can be o.0c04
in. on dia for splines, 0.002 in. on dia for round br_oaches, 0.004 in. for keyway and
surface broaches. Shear angles maybe 5 to 20°.

‘Face angle varies between 8 and 20°, decreasing with hardness. Back-off or rake
angle varies between 4 and 2° for’ internal broaches, up to 33° for sarface broaches.

NrreipiNe STEELS. ' If treated to obtain correct machinability, these steels may
be broached with tools used for other alloy steels, but broaching speed may have to
be reduced to improve finish and increase broach life. For internal broaching, a
cut per tooth of 0.004 to 0.005 in. is recommended. On surface broaching the cut
may vary from o.0025 to 0.0035 ilf" depending on length, shape, an_’d size of part.

. Tamie 1. DIMENSIONS OF ROUND AND SPLINE BROACHES POR STEEL

' Cut Length { Pitch | Land Depth: deius
’ 3 3 36 g -
5‘ Yo | Ys | Mo ;23
9: 182 He " 4
§ 1 ;26 382 | YN
9;; 2 | 3£ %64
| B BB
z% to 15 s ¢ | %; T64
134 to 2 % 38 6 <
;5 to2l4 | Yg Ye | 7 264
/3 4 to 3% ?g{ ;gz 1364 %z
ik | o 8 5
6" 3 s 364
5 t.06 7 8 1 7
Bas | 4, | & 8|
éié 5 tolg g | ¢ | s ?
I to 12 152 a | 1362 | %
a:
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TOOTH ANGLES 1-5
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P16 4. . FIG. 5. FiG. 6.

F1G. 4. Broach for cutting keyways or slots. FiG. 5. A
‘shear angle may be used on a square-hole broach to avoid
vibration. FIG. 6. Burnishing bars are frequently used
aitet‘;ﬁ brom:a'l hing of holes. Size of steps depends on the¢ work
ma 3 3 B .

StaINLESs STEELS.  Cut per tooth, 0.001 to 0.005 in. per tooth for round broaches.

_ Speeds, between 8 and 20 fpm. Face angle, 12 to 18°. . Back-off, a minimum, or
about 2°. Use chip breakers. S :

NickeL Arroys. For spline broaches the step per tooth should not exceed 0.003
in. for monel and inconel. Depth of cut for round broaches used on material harder
than Rockwell 14 C should not exceed o.0015 in., and for spline broaches o.002 in.
Chip breakers are recommended.

Cast IRONS. A greater cut per tooth can be used than for free-cutting steel.
Less chip room is required. LEL

BRASSES AND BroNzEs. A somewhat greater cut per tooth than for steel is per- .
missible,.and a chip breaker is valuable on roughing teeth. .

ALuMINUM AND MaGNEsTUM. Larger chip spaces than provided for other metals
are desirable. Standard broaches can be used. To owercome trouble in maintain-
ing tolerances, increase the finishing cut to o.002 in. per tooth. ‘

Face and Back-off Angles. See Table 2. The back-off angle isfrequently varied
from a maximum at the starting end of the broach to 4° at the finishing end.

Land. Strength of a broach tooth depends on the land, which must be greater
for heavy than for light cuts. The teeth are backed off clear to the edge for rough-
ing cuts, varying from } to 3° for internal broaches and up to 33}° for surface
broaches. . ‘ : .

Maintenance of size is helped by not backing off the entire length of the land on
thie finishing teeth, increasing the straight land from the first finishing tooth. This
helps to give longer life to the broach. . Too much straight land increases friction, -
which may expand the work and gall, or abrade, the finished surface.

Shear Angle. A shear angle can be used-on a surface broach to give better finish
and eliminate vibration. ®For cast iron, use a shear angle of 20°, foWel forgings -



1-6 : BROACHING

TABLE 2. FACE AND BACK-OFF ANGLES
(Cylindrical and Surface Broaches)
. Face, or Hook, Angle

Maierial Broacked Degrees
Cast iron........ ootk w et 6to8 &
Hapd steel, ... coulinidie caesons 8to 12
Softsteel.........covvunn P 15 to 20
Aluminum. ..... vk T 10, or more
Brass and bronze.............. o to 10, or more
Brittle brass. .. ......... e -5 to 45

Back-off Angle
Cast.iron....... T 5§ e 2t05
Steel: . } to 2*

Roughing teeth

Finishing teeth..............

Brass and bronze: :

Rou;hin teeth.”. v s vumes 2

Semifinishing teeth.......... 1

Finishing teeth.............. it

Spline broaches:

Roughing teeth.........cc... 3
Finighing teeth...... R 1}t
- Surface broaches......... ST Up to 3%

# Back-off angle may vary from 2° at the beginning end
of broach to } at the finishing end. Holding bac -off
angle to & minimum reduces size loss when the broach is

t Beart of the land of finishing teeth may be straight and
may be graduated from first to last finishing tooth. Size
of land determines number of zelhnrpem':i_pl possible be-
fore the broach is ground under size. Too much land
increases cutting friction, causing expansion and galling

broached surfaces on some material.

about 10 to 15°. In slotting, however, a shear cut forces the chips against one side
to roughen the surface.

Chip Breakers. Tools that broach tough material and form wide chips should
have chip breakers. These are nicks on the roughing-section teeth but are seldom
used on the semifinishing section and never on the finishing section of the broach.
Chip breakers produce grooves that must be removed by succeeding teeth. Asa
rule, chip breakers are not used in broaching cast iron, except on extra heavy rough-
ing cuts.. ' .

Broaches are generally made of 18-4-1 or 18-4-2 tungsten high-speed steels or from
molybdenum high-speed steels, but carbides are also used. For round-hole and
rifling broaches, the carbide is shaped in the form of rings and brazed to a bar. But
surface broaches are being made of a geries of toolholders incorporating removable

carbide inserts especially for heavy cuts on cast irons, p

BURNISHING BARS

Bearings and bushings are frequently burnished after broaching by a bar with
polished buttons (Fig. 6). This tool has’ten buttons which increase the diameter
by a total of only o.0é1 in. The lower or entering end is o.o10 in. below size, the
button diameters increasing by o.001 in. until o.cor in. oversize is reached. The
eighth and ninth buttons are o.0015 in. oversize, whereas the last is o.oor in. and the
upper end has a clearance of 0.002 in. The diameter of tie final button insures a
bearing cl of o.001 in., even though the metal may close in after the o.cors-in.

L] -
[ ] -



- BROACH SHARPENING 1-7

‘buttons pass. Burnishing buttons are sometimes included in the broach following
o ; ESTIMATING PRODUCTION

- “Normal broaching speed for many types of steel has been set at go fpm for the
Mm\ﬂk broaching machine up to 2o tons capacity. Smiall parts have been
‘broached at more than 40 fpm, but the hydraulic eqmpment must be increased
= hyondﬂltecmmml limit. The hxgher the tonnage capacity of the machine the
‘'slower its economical speed. The range is usually from 4 to 30 fpm, with 18 to 24
fpm usual for average work. >

Production depends on the speed of cutting and return, starting and stoppmg, ‘
and the handling of the work in and out of fixtures. Starting and stopping is usually
figured at 2 sec and loading at 5 sec. An efliciency of 85% is considered good.

EXAMPLE:

-

Cutting speed = 24 fpm = 288 ipm Starting and stopping time = 2 sec

-Return speed = 34 Ipm = 408 ipm Loading tlme = 5 sec

Stmke =40 in.

- AR Cutting time = 42 )8< 60 8.33 sec |
“ Return time = 404:(860 = 5.9sec

Stutmg and stopping = 2.0 sec

it e ib Loading time = 5.0 sec
‘Complete, cycle = 21.23 sec
Predlcted ou.tput _&X_::_:;_&s% =144 pcs per hr

smnmmme nnmcﬁns

It is not necessary to grmd all finishing teeth each time a broach is sharpened.
Grinding the first one or two teeth is usually sufficient until they have worn under
size. Suggestions for sharpening internal and external broaches are given in Fig. 7.
The grinding cut on the face of the tooth should blend into the radius as shown.
Round broaches can be ground as shown in Fig. 8.

POINTS IN BROACH SHARPENING

1. Maintain original tooth form because design characteristics affect operating
efficiency (Fig. 9).

2. Maintain original chip space to permit smooth chip flow.

3. Remove just enough stock to sharpen tooth. Grinding away more material
shortens broach life.

%

" ot End the cut inthe face of
‘: ;"g-“‘; :::c H Z‘ Right  +Wrang the footh so that if blends
<l | i with the radivs

S

F1G. 7. Incorrect mdmt methods of sharpening broach teeth. ‘Bae gullet must
be a smeoth curve. ‘




1-8 : BROACHING

S IAhAnNBRAAR

P16.9. Pace angle of a new broach should
be measured before use and checked after
sharpening. A combination hook - and
radius gage, right, determines face angle
and proper curvature 6f chip space.

Fic. 8. Wheel plane is set a greater
angle than the face angle of the
broach tooth, in order to avoid
reducing the face angle when
sharpening. :

4. Use blueprint as guide to face angle, back-off angle, tooth depth, radius, and
land width.

5. Remove galls and nicks on OD and also on spline sides before sharpening.

-6. If you have no broach sharpener, mount a high-speed grinder on the cross-
slide of a lathe for sharpening cylindrical broaches on centers. Wheel-head angle =
face angle X wheel dia + broach root dia.

7. Do not throw away a broach with a broken tooth. Remove tooth and restep
three or four following teeth to distribute load.

8. Back off cylindrical broach teeth only when absolutely necessary because of
extremely poor condition. Use a broach sharpener or a good cylindrical grinder to
increase back-eff angle without changing tooth diameter at cutting edge.

9. Use a steadyrest on a long broach to prevent sag, vibration, and chatter.

10. Measure tooth height carefully when grinding surface-broach lands.

11. Demagnetize the broach if sharpened on a magnetic chuck.

12. Be sure, when setting up broach inserts in a holder, that all contacting sur-
faces are clean and free from chips, that the teethblend to give proper chip space where
two sections meet, that inserts are not tightened too hard as they are likely to break.

13. Grind dry or wet. In dry grinding, be careful to avoid burning the cutting
edges and letting the wheel “spark out.” '

14. Do not let broach teeth strike any metal surface, as teeth are extremely
hard and easily damaged. Store them in wood or lined racks with individual
compartments. i

15. Use the right type of wheel—Recommended: face grinding—vitrified alu-
minum oxide disk wheel of 46 to 8o grit with soft or medium bond for roughing and
100 grit for finishing; backing off—vitrified aluminum oxide cup wheel of 6o grit
with medium bond. For extremely smooth finish, use finer grain up to 400. ‘

16. Stone cutting edges lightly to remove burrs and gain smoother surfaces, but
do not remove enough material to form a negative land.

TROUBLE-SHOOTING BROACHING TROUBLES

BrokeEN TEETH. Packing of chips due to improper grinding may be one cause.
. On surface broaching a large error in alignment can throw too heavy a load on teeth,
causing breakage. Always check holder for straight travel before a part is actually
broached. - Check steps of inserts with dial indicator.

SPOILED Qxx OR BROKEN INserr. Check insert assémbly in holder to see if

N\
L [
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CUTTING FLUIDS 1-9
screws are too long or too short. If the insert is loose, the screws are too long. If
screws are too short and are pulled up with force, the screw hole becomes weak and
eventually pulls out.

Poor Finisg AND VA -ATION IN Size. Look for lopse clamps. Check loadmg
fixture and seating of pieces. Improper loading and chip accumulation are causes.

BREARAGE OF INTERNAL BroacH. Check alignment. See that direction of pull
is at right angles to faceplate. Check center axis of broach with axis of faceplate.

DeipriNng. Check the center of the starting hole. It probably is not cenh'a.hzed
with broach center.

Rounp or SpLINE Broacres Cur Orr CENTER This is caused by *“drifting.*
On round holes one side does not clean up. On spline broaches the splines will be
eccentric. See above recommendation to eliminate drifting. >

ExcESSIVE WEAR AND DULLING OF TEETH. Again, this is usually the result of
drifting. Also check lubricant. If too rich in sulfur, cut back with' paraffin oil.

CaATTER. Inserts may have featheredge and require stoning. Parts not held
ught enough. Part vibratés from forcing the cut. Chatter can also develop from
using too light a machine. Check hydraulic system.

Parts WiLL Nor Horp Size. Look for something loose while broach is cutt.mg
Part may be springing due to cutting force. - Check clamps. Are they strong
enough? Check for deflection in machine. '

TeARmG AND/or HEAVY BUres. Dead soft steel is draggy ‘and can be the cause
of t]ns condmon Mateml should be about 28 to 36 Rockwell.

TABLE 3.. CurTiNg FLumps ¥or BROACHING Vmous MATERIALS

Material Material

Cutting Fluidst

Group* Group* Cutting Fluidst
L]
. I goK +10M 5 10-20 W + 1 SO
70K 4+ so M SM-SML
SM-SML M + (10-15) L
LM
2 20-25 W 4+ 1 SO 6 10-20 W + 1 SO
LM o SM-SML
. M + (10-15) L ,
. LM °
3 s-15 W + 1 SO 10-15 W + 1 SO
SM-SML SM-SML
M + (10-20) L M + (10-20) L
LM
4 15W+:SO 8 s-10 W+ 1 SO
M-SML SM-SML
M +4~(10-20) L
LM
* ups i ids:
%ltiln:lmﬁm and alloys; al. and zinc die castings ' c“"l“imd'

3 z. Brass
Bronsze

dur, inconel, monel, nickel

= kerosene
M = minerd] oil

Lﬁ - !trngh:o:nneral oil
Sl(L sulfurized mineral lnrdoil
ped

Copper, Ever

g‘ Wtouxht snd mn.lleahle iron
Low-carbon and

; Medium-carbon m‘ tohzlﬁow—dloy steel

High-carbon lu;h—alloy steels, including stainless
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REASONS FOR PART GALLING AND PICKUP

) & BmchTeetthmnged:

0D grinding
Face ‘grinding and re-stepping

Repair muulated teeth by: (1) heavy face grind, or (2) send to supplier for OD
grind and restepping. Check handling and setup practices. Use follower supports
if needed. o

Remove ofter
carburizing

7 but before
hardening

>

2. Hard Fixtures or Liner Bush-
ings y

7" Uner bushing fixture  Soft hole fixture
Use soft (Rockwell C 30-35) liner bushings or soft-hole fixtures. Ona carbunzed ;
‘and hardened bushing or fixture, the hole can be bored after carburizing to remove
the hardemng agent before hardening the piece, and thus produce the desired ‘‘soft
hole” in the hardened part

.Culfmg

3. Imgroper Face Angle angle

Grinding  \:.
-~ "whed! ~~

) . Face ongio radius
Desired face sharpening too large _

Check sharpening practice, broach prina and broach design. Check face-angle
radius on grinding wheel.

B o Chip h'ap\ ' ’,
5. Deep or Shallow Face-angle SHg
~ Radius \\Yi

Re-sharpened incorrectly  Tears work
Check slfarpening practice and broach print.

4 Negative Rake

Grinding or _______

6. Rounded Cutting Edges polishing wheel

Check grinding-wheel dressing method. Use bottom a)i chip space mstead of
broach OD fag steadyrest support.
y S

.
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