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PREFACE

Machinery's Handbook has served as the principal reference work in metalworking,
design and manufacturing facilities, and in technical schools and colleges throughout the
world, for more than 90 years of continuous publication. Throughout this period, the inten-
tion of the Handbook editors has always been to create a comprehensive and practical tool,

- combining the most basic and essential aspects of sophisticated manufacturing practice. A

tool to be used in much the same way that other tools are used, to make and repair products
of high quality, at the lowest cost, and in the shortest time possible.

The essential basics, material thai is of proven and everlasting worth, must always be
included if the Handbook 1s to continue to provide for the needs of the manufacturing com-
munity. But, it remains a difficult task to select suitable material from the almost unlimited
supply of data pertaining to the manufactering:-and =mechanica1‘engineering fields, and to
provide for the needs of design and production departments in all sizes of manufacturing
plants and workshops, as well as those of job shops the hobbyist, and students of trade and
technical schools. . , C :

Theeditors rely to a great extent on Coﬁversati‘on:s 'and Wwritten commupications with
users of the Handbook for guidance on topics to be introduced, revised, lengthened, short-
ened, or omitted. In response to such suggestions, in recent years material on logarithms,
trigonometry, and sine-bar constants have been restored after numerous requests for these
topics. Also at the request of users, in 1997 the first ever farge-print or “desktop™ edition of
the Handbook was published, followed in 1998 by the publication of Machinery's Hand-
book CD-ROM including hundreds of additional pages of material restored from earlier
editions. The large-print and CD-ROM editions have since become permanent additions to
the growing family of Machinery's Handbook products. :

Regular users of the Handbook will quickly discover some of the many changes embod-
ted in the present edition. Ope is the combined Mechanics and Strength of Materials sec-
tion, arising out of ‘the two former sections of similar name. “Old style” numerals! in
continuous use in the first through twenty- fifth editions, afe now used only in the index for
page references, and in cross reference throughout the text. The entire text of this edition,
including all the tables and equations, has been reset, and a great many of the numerous
figures have been redrawn. :

The 28th ed1t10n of the Handbook contains major revisions of existing content as well as
new matérial on a variety of topics. The detailed tables of contents located at the beginning
of each section have been expanded and fine tuned to simplify locating your topic; humer-
ous major sections have been extensively reworked and renovated throughout, including
Mathematlcs Mechanics and Strength of Materials, Propemes of Materials, Dimension-
ing, Gaging and Measuring, Machining Operations, Manufacturing Process, Fusteners,
Threads and Threadmg, and Machine Elements. Néw material includes shaft alignment,
taps and tapping, helical coil screw thread inserts, solid georetry, dlstmgmshm & between
bolts and screws, statistics, calcuiatmg thread dlmensmns keys and’ keyways nnmature
screws, metric screw threads, and fluid mechanics. - :

Other subj ects in the Handbook that are new or have been revised, expanded or updated

are; plastics; punches, dies and presswork, lubncauon CNC programming and CNC
thread cutting, metric wrench clearances, ANSI aiid ISO drafting practlces and ISO sur—
face texture.

-The large -print edition is identical to the traditional toolbox edition, but the size is
mcreasedby acomfortable 140% for easier reading, making it ideal as a desktop reference.
Other than size, there are no differences between the toolbox and large-print editions.

-~ The M_achmery 's Handbook 28 CD-ROM contains the complete contents of the pnnted

edition, presented in Adobe Acrobat PDF format. This popular and well known format
enables viewing and printing of pages, identical to those of the printed book, rapid search-
ing, and the ability to magnify the view of any page. Navigation aids in the form of thou-
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1112 BAND SAW BLADES

Cutting 4-Inch Material with Coolant (Cont inued)
fpm) | (mmin)

Bimetal Band Saw Speeds f(_)r

Stecl

Category (AISUSAE}

12114
1213, 1215
1117
1030
1008, 1015, 1020, 1025
1035
1018, 1021, 1022, 1026, 1513, A242 Cox-Ten A
1137
1141, 1144, 1144 ¥ii Stress
41140 o
1040, 4130, A242 Cor-Ten B, (A36 Shapes)
1042, 1541, 4140, 4142
8615, 8620, 8622
W-1
1044, 1045, 1330, 4340, B4340, 5160, 8630
1345, 4145, 6150
1060, 4150, 8640, A-6, O-1, S-1
H-11, H-12, H-13,1-6,0-6
1095
A2
E9310
- 300M, A-10, E52100, HY-80, HY-100
55
57
M-1
HP 9-4-20, HP 9-4-25
M-2, M-42, Tl
D2
T-15
Pure, Ti-3ALBV-6Cr-4Mo-4Z, Ti-8Mo-8V-2Fe-3Al
To-2AL-11S0-5Zr-1Mo, Ti-3AL-2.58n, Ti-6AL28p-4Zr-2Mo
Ti-6AL-4V
Ti-7Al-4Mo, Ti-8AL- IMo-1V

The speed figures given are for 4-in. material (length of cut) using a 3/4 variable-tooth bime;al .
biade and cutting fluid. For cutting dry, reduce speed 30-50%; for carbon steel band saw blades; —
reduce speed 50%. For other cutting lengths: increase speed 15% for Vedn. matf:rial (1(_)/14 b@adg);
increase speed 12% for ¥¢in. material (6710 blade); increase speed 10% for 1in. material @6 |
blade); decrease speed 12% for §-in. material (2/3 blade). sy ’ :

o Data are based on material provided by LENOX Blades, American Saw & quufacturing Co.

Fxample: Find the band speed, the cutting rate, and the cutting time if the 4-inch pipe Of \

the previous example is madé of 304 stainless. steel.

The i)rccedjng blade speed table !gi{fes; the band épeéd for41n0h304 ié,_t;ain‘_le'ss steel as 1 20
fpm (feet per minute). The average length of cutfor this pipe (see the previous example) L

1.4 inches, so increase the band saw speed by aboit 10 per'cent (sée table footnote o |

page 1112)to 130 fpm to account for the size of the piece. On the Cutﬁl?g rate. graph ab

locate the point on the 4/6 biade line that corresponds fo the band speed of ,130 fpm ana
then read the cutting rate from the left axis of the graph. The cuttingate for this example s

gngra;e, socutting time = 5.5/4 = 1.375 minutes. i 1

B'_ ﬁSaw Blade Break-In.—A new band saw blade must be broken in gradually befqge
. i_t_is-ia'lloWSd-_fo operaie-at its full recommended feed rate. Break-in relieves the blade of
" residoal stresses caused by the manufacturing process so that the blade retains its cutting
ability longer. Break-in requires: starting the cut at the material cutting speed with a low

feed rate and then graduaily inicressing the feed Tate over time until en{oqgh‘.material has

been cut. A blade should be broken in with the material to be cut.

!
|
s
!

- &iﬁﬁibiimately 4ip¥min. The cutting time is equal to the area of the cut divided by the Gm“
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To break in a new blade, first set the band. saw speed at the recommended cutting speed
for the material and start the first cut at the feed indicated on the starting feed rate graph
below. After the saw has penetrated the work to a distance equal to the width of the blade,
increase the feed slowly. When the blade is about halfway through the cut, increase the
feed again slightly and finish the cut without increasing the feed again. Start the next and
each successive cut with the same feed rate that ended the previous cut, and increase the
feed rate slightly again before the blade reaches the center of the cut. Repeat this procedure
until the area cut by the new blade is equal to the total area required as indicated on the
graph below. At the end of the break-in period, the blade should be cuiting at the recom-
mengiecl feed rate, otherwise adjusted to that rate. '

Si'tart_ihg Feed Rate

10 ' | M e S
) - - —te - T : 2 .
ftlmin..d(} T80 120 160 200 240 280 320 360
‘mfmin. 12 - 24 37 _ 49 6l 73 . 85 98 110
Band Speed (Machinability) '

% of NOrmél Eeéd
b

in.2 Total Break-In Aréa Required o em?
100 , S — 645
R/ I ST H AT NN S s o 580
g .80 : AN N N MG SRAN P S . 515
::*, 10— o R o wall) 350
= 60 ——— ' L 385
= ,50 T - K : . - 320
2 26 = ¢ _ i }3,3
=) 10 — L S I - : 165 -
R | B e e e R . : : R
. i f/min, 40 - 80 120, 160. 200 - 240 280 . 320 360
. m/min. 12 .24 . 37 .49 . 61 T3 8 . 98 110

Band Speed (Machinability)
. o Cuttmg Flmds for Machining. _ 4
““The goal inall conventional metal-removal operations is to raise productivity and reduce
cos‘f§- by’mac}_m.nng at ‘the highest practical speed consistent with long tool life, fewest
Cts, and minimum downtinie, and with the production of surfaces of satisfactory accu-

TEj¢
racy and finish. Many inachining opérations canbe perforried “dry,” buitthe proper appli-

cation of a citting fluid generally makes possible: higher cutting speeds;higher feed rates,

greater depths of cut, lengtherned tool life, decreased surface roughness, increased dimen-

- - sional accuracy; and reduced power consumption. Selecting the proper cutting fluid for a

- specific machining situation requires kigwiedge of fluid functions, properties, and limita-
‘1‘&:1:_0'11;34«; Ciitting fluid selection deserves #s.much attention as the choice of machine tool
‘tooling, speeds;and feeds. =+ e e A
$d'understand the action of'a cutting fluid it is important to realize that almost all the
cnergy expended in cutting metal is transformed into heat, primarily by the deformation of
the:metal into the chip and, to a lesser degree, by the friction of the chip sliding against the
tool face. With these factors in mind it becomes clear that the primary functions of any cut-

=




1114 CUTTING FLUIDS
Grkpiece,'and—'chip; reducing fiiction at the. sliding con-
tacts; and reducing of preventing welding or.adhesion at the contact surfaces, which forms
the “built-up edge”-on the tool, Two other functions of cutting fluids are flushing away
chips from the.cutting zone and protecting the workpiece and tool from corrosion.” ¥

The relative importance of the functions is dependent on the material being machined,

the cutting tool and conditions, and the finish and accitracy required on the part. Forexam-
ple, cutting flaids with greatér'lubﬁbity'a:ﬁe generally usedin low-speed machining and on
most difficul-to-cut materials. Cutting fluids with greater cooling ability are generally
used in high—‘speéd-machini'rig’ of easier-to-cutinaterials R R
Types of Cutting and Grinding Fluids.~—In recent ye
has been developed to satisfy the requirements of new materials
tool materials and coatings. T 7 e
There are fout 1b'asic types of cuiting fluids; each has distincg}_vé features, as well as
advantages and limitations. Selection of the right fluid is made Mic re-complex because the
dividing line between types is not always clear. Most mgchiﬁc shops try to use as few dif-
ferent fluids as possible and prefer fluids that have long lite, do not require I‘constant:(_;hang-.
ing or modifying, have reasonably pleasam,,odofé, do not smoke or fog inuse, and, most
jmportant, are neither toxit nor c{:gﬂseirﬁ‘ﬁation to the skin, Other issues 1l selectioriare the
cost and ease of disposals= _ Co ;

The major divisions and subdivisions use
Cutting Oils, including straight and comp
Water-Miséible Fluids , including emulsifiable oils; ¢

semichemical fluids. = oo o o .

Gases. L
Paqste and Solid Lubricants.
Since the ciitting oils and water-

ting ﬂgid are: coolingof the tool, w

ats 4 wide Tange of cutting fliids
of construction and new

K

d in classifying cutting ﬂuids:? are:
ounded mineral vils plus additives.
hermical ot-syntheti¢ fluids; and

_ miscible types are the most commonly used cuiing flu=
ids in machine shops, discussion will be limited primarily to these types. Jrshould be rioted,
however, that compressed aif-and ineft gases, such as carbon dioxide, pitrogen, and Freon,
are sometimes used in machining. Paste, waxes, S0aps, graphite, and molybdenum disul-
fide rnay also be used, either applied directly to.the workpiece or as an impregnant in the
tool, such asina grinding wheel. ‘ T : B
Cutting Oils.—Cuttidg oils are generally compounds of miperal oil

animal, vegetable, or marine oils to improve the wetting and lubricating propetties. Sulfur,
' metimes calléd extreme pressire (EP) additives;

g . o

with the additfi%m of |

chlorine;and phosphorous. compaunds, 56 16
al, these cutting oils donotcool as wellas water- |

" provideforeven greater lubricity. In genet
miscible fluids. O
e

Water-Miscible Fluids.—Emulsions or solubl c 8
ions are miadé by blending the il ‘with emulsifying agents (soap

le oils are a suspension of oil droplets in

water. These suspenst
soaplike materials) and other materials. These fluids combine theubricating angd: e-
vention properties of oil with water's excellent cooling properties: Their properties:are
[ by.the emulsion concentragion, with “lean’” concentrations providing better cool-
i ct.

having the,opposit

g ut ‘poorer lubrication, and with “rich”, congentralion
. Additions of sulfur, chloring, and phosphorus; as- ting oils, yield. exirem

*surel (EP) grades. .- ot

Phoger ot

" Chemiical fluids are truesolntions compoged of organic and inoiganicmaterials
i

y 1 water: Inactive typesiare usually clearfluids combining highrust inbibitio gh
urface tehsion...Suffat:e-acﬁeé‘z fypes

“ cooling; and Jow lubricity characteristics with high. 7
i sviclude wetting agents and possess imoderaté fust inthibition, high cooling; and pigderate
lubricating properties with low surface tensiom: They may also contain chloring arid/or sul-
fur compounds for extreme pressuTe properties.. ;< v AT A
Semichemical fluids are combinations of chemical fluids-and emulsions ~Thes
have a lower oil-content but 2 higher emulsifter and surface-active-agent conten

t'than

CUTTING FLUIDS L1

emulsions; preducing oil dro '

— 3 PI g o plets:of much smaller di :

sion, mod - . er diameter. Th

rine an?i Egatelwmlw and cooling properties, and very (fod .ey _POS-SB-SS- low surface tex-

S » and phosphorus alsorare sometimes added. - good stinhibition. Sulfur, chio-
election i sedls for Di ' | -

cnting ﬂ_u?fi gg;g;lgsﬂgslds for Different Materials and Operations.—The choice ¢

metal; the severity of th many complex interactions including the machjna!:'(':l'mce e

human compatibilit -ﬂe %peranon_;_ the cutting tool material; metaturgical, ch ity ol the

tors affect results. S)é}ﬁ m'h;Pmpa'mes’ reliability, and stablity; and fm%lll ‘o e%ucaj’ ind

purposes. In other shop: fm%pcs i?nd?lrdl.z.@ on a few cutting fluids 'Whi'éhyha?g'to ;h o ffﬁ
_ -5 ; ) utting fluid must b all fhe aharatio erve

2 machine. Some ? : d mu e used for all the o

the “ri ght??cnti?:?;ﬁi?ag ery ;Hevgrq operating condition may bepﬁizsg?zgiﬁpmi:d. on

operations througly its co ianu y while the machine supplies the cuttin ﬂug ?—PP. ymg

specific recommendatio C.fall t system. Several voluminous textbooks ar% av '1'1 l?l1~ e

nation of machining Opel;zﬁgflt:gduse Qlilgamcular cutta fluidsfor dmast e:;jy C?)Iwn;t-h

ence is lacking, it is wi workpiece and tool material.: : -

ence 1 Jacking. 1t is wise to consult the material supplier andor aay o the many sumiors

Machinability Dzig‘[a C-elfteor.adwce and reéom@éndiﬁ.éﬁsf Anothet éxcellén?:g pp e

Departinent o Defnse, While e folom g totamai ot e soaeb g o by the US

o T S e g v o B e ollowing recommendations e R S

e, e i vt rtientios vt ool s

: TGO Ay :,"A-_!:; P, ) _ ISW1

not, in ¢ertain specific cases, also be effectivé.
. Steels; Caution shonld be ns T ey
L $ 1sed when usin i id o ' - '
h—l hcutt,l - usedy - e gaCllttlngﬂu]don i . . .
e e, sy, o e outine ol See Aphcation ) Cuing P
Shouid'B o A s S)E?I_?_atl,on is Pﬁrfor.m_edd If I dreng b s
sulfurize dﬁ;};lleo?lﬂisnruxecid mto a cgng?tency of about 1 PauI:ty oil t% g(])tg;l?%oﬂll)lali; ivusted’ /1;
commended forre. i 3 U parts water.
h‘-;il}\l’yﬂuty soluble oil hias also been-used sﬁ(ﬁi%u‘ﬁ;tgc?rblde tipped reamers although a
depends mngfy fgﬁc’iﬂf:qomr‘??pded for machining steel with high speed cutti
milling on medium disieventy of the operation. For ordiﬁéry turnihg :gjé iy cutting to_pls
ol o, 10.10 20 partsaiate(;w Fstrength steels, use a soluble oil having a’cons?s%é drllhrflg,rand
having 4 consistency of 1 p af?rﬁﬁﬂ)ol; steels and tough alloy.steels, a heavy-d ncy of 1 part
D oL oL 10 eoparts waler s e imended for uming and miling.
tough operations such[lg ese materials, a light Sulfflrized mineral-fatt 1n§ and milling.
fatty oil iis recomm -d'a(si tapping, threading, and broaching, a sulfochl Y ofLis nsed. For
mineral-fatty oil et e for .tlel- steels and high-strength ;Séf':els and Oﬁ‘lnated mme_ral_
stréngthsteels 'S;;ag ﬁ:llf(iﬁonnated mineral oil can be used for rﬁe;iflvy Suh;url*lzed
P oL sulfurized mineral-oils: o . m- and low-
tbushstr e oils:are oft ; .
;zim;trm?y I?V;Garbonfswdsmreduceteariﬂg and,prfguichgﬁjﬁggfmgctlllmmg
© pdiniess steel! of ordinary turning 2 SRR i Tmishes, -
SISTEAEY OF T nart i1 16 & Bk e g and milling a heavy-duty solublé oil mixé
ency of 1 part 6l 16 5 parts water is rec&')h]iﬂeid'éd: agogglglfg ‘I;Itll}?gécc)llilnmnéiﬁl:t'o o and
: i ing, drilling, and

reami
caming produce best results using a sulfochlorinated mineral-fatty oil
- il.

Copper Alloys: Most brassé ]
~Copper Alloys: sses, bronzes; an i
. oils.containin ive: TasSes, es; and copper are stained when &« i
| Hm‘befuse&: Fi;) :;t(l;;f ggg%rﬁa;ﬁ -chlgm‘n% thuos, sulfurized and s-ul}fh(i}clg?o:{rf’aﬁzz%g)s (;1111“:]1;?1
water is satisfactory: For very: astraight soluble oil, mixed to 1 partoil and 20 pt
F. . Ctory. lor veryisevere: o erati d for: i e
thineral-fat - severeoperations and for automatic screw machi
letal-fatty oil js used. A typical miperal-fatty oil might cg:ﬁg;}c; CE?EI;;C? mflwcgk 2;
L * 61’1 arOI

PR ’.‘1 th SR, S LR P
. with the remajnider mineral oil.”

material, an emulsion. gives a slightly longer tool life
lummumAllg T T
by vs: Aluminum and aluminu dlloys R . :
cumn fluid is - : - _umlnuma.lloyg arefrequ 1 o
Mling-fuid is used it should beselected for its ability to%c?n;iyanéi%};la?lidgtr)ﬁghepﬁ
! 1t. e oils

Dt the 12:1ﬁ€r.aid§:iii chip breakage, which is frequently desir-

22 tO a y El -
aned CO encvy O [ [8) : () = S€




1116 : CUTTING FLUIDS

cutting fluids, when-used to machine alurminum alloys, are frequently-cut back to increase
their viscosity o as to obtain good-cooling characteristics and to.make them flow easily to
cover the tool and the work. For example, a mineral-fatty oil or. amineral plusa sulfurized
fatty oil can be cut back by the addition of a8 much as 50 per. cent KErosene.. . .. 1. Ao
ry. Some increase in tool life can'be
chemical cutting fluid of a soluble cil
dter. A soluble oil 15 sometires used

Cast Iron: Ordinarily, cast iron is machined d
obtained or a faster cutting speed can be used with a
mixed (o consistency of 1 partoil and 20 to'40 parts w
to reduce the amount of dust arotnd the machine:” -

Magnesium: Magnesium may be-machined dry;:0r ith an air blast for cooling. A light
mineral oil of low-acid content may beused on difficult cuts. Coolants containing watex
should not be used on magnesiom. because of the danger of releasing hydrogen caused by
reaction of the.chips with-water, Proprietary watet-soluble oil emulsions containing inhib:

itors that reduce the rateof hydrogen generation are available. - - S

Grinding: Soluble oil emulsions or emulsions made from paste compounds are used
extensively in precision gx_‘indjngfquéfagi_(mé For cylindrical grinding, 1 partoil to 40 to 0
ed. Solution type fluids and transiycent grinding epulsions are particularl
d for m ie-finish grinding applications. Mineral oil-base grinding fluids are:

ommended for many applications where a fine surface finish is required on the ground:
face. Mineral oils are used with vitrified wheels but are not recommended for wheels with
rubber or shellac bonds. Under ée;:tain‘é@ndiﬁons'ﬂle oil-vapor mist caused by the actionof
the grinding wheel can be ignited by ihé grinding spirks and explode. To quenchi the grind-
ing spark a secondary coolant ling to ditect & flow of grinding oil below the grinding wheel
istecommended. T Chiie o ‘ IR '

Broaching: Forsteel, a heavy mineral oil such assulfurized oil of 30010 500 Saybolt
cosity at 100 degrees F canbe used to provide both

ening of the shock loads. Solubie oil emulsions may be use:
operations.. . . . Lo RO —
Cutting Fluids for Turning, Miiling, Driiling and Tapping.—The following tab
Cutting F. luids Recommeridedfor M achiring Operations, ‘sives specific cutting otl recon:

mendations for common machinjng operations: . -

d for the lighter broac

B i v
PR

Soluble Oils: Types of oils paste compounds that form emulsions when mixed W th
water: Soluble oils are used extensively in machining beth ferrous and noi-ferrous metals
when the cooling qualityds paramount ‘and the:chip-bearing pressure isnot excessive: Care -
should be fakeninselecting the proper soluble oil for precision grinding operations. Grin
ing coolants should be free from fatty materials that tend to load-the wheel, thus affectin

I Gt on the machined part. Sofuble coolants should contain st preveriive. o

ents 1o prevent corrosion. N
Base Qils: Varioustypes of hi ghly sulfurized and chlorinated oils containing inorg:
nimal or fatty materials, This “base stock” usually is “cut back? or blended with alig

oil ainless the chip-bearing pressures are high, as when cutting-alloy steel: Base-oils’

havea-viscosity range of from 300 to 900 seconds-at 100 degrees F.o o
Mineral Oils: This group includes all types of oils extracted from petroleum such ;
4ffif: 6il, mineral seal oil, and kerosene. Mineral oils are often blended with base stoc
thiey are generally used in the origitial form for Light machjniﬁgioperatigﬂs-oﬁ,lgbthﬁ{"rge-
machining steels and fion-ferrous Fetals. The coolants i1 thiis class should be of a type that
has a relatively high flash point. Care <hould be taken to see that they are nontoxic, s that
they. will not-be: injurious to the operator, The heavier nineral oils (paraffin oils) nsually
have 4 viscosity.of about 100 seconds.at 100 degrees [ . Mineral seal oil and kerosene have
a viscosity of 3510 60 seconds at 100:degrees F. -+~ : ) ' Lo R

EE

adeql}aﬁf?:l}‘lhﬁ@t.iﬂg effect anda damP- .

- Cent Mineral Oil
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_ Cutting Fluids Recommended for Machining Operations
Material to be Cut | Turning ' ifling
4 T
. M T < -
A o o :16;11 (0)]3] with 10 Per cent Fat ) Soluble Oil (96 Per Cent Water)
Sof {or)  Mineral Seal Ot
| . . (or) ~ Mineral Ot
Alloy Steels® 25 Per Cent Sulfur base Qilb with :
1t Sulfur base Oif 0P 1w
o 75 Per Cent Mineral Oil c:;zcﬁf;elﬁ %ﬁ'ﬂ w0 per .
; Mineral Oil with 10 Pér Cent Fat e
- - S i V
Tot?(l) :rée;leslgnd Liotv-car- " 25 Per Cent Lard Oil with 75 Per omble i We'lter)
o § Cent Mineral Oil - Soluble Ol -
‘ Soluble Ol
T e oluble Ol-ll .
Cast Tron® . Dry - hl - ‘Soluble Oil -
| ‘ Dry
]I;Ia]l_eabl,e Tkom - .- ¢, Soluble Oil Sguble Qil
Browe . . Soluble Ol R SO O
Maghost? . " 10.Fer Cent Lacd Ol with 90 Per —
| CombinesaiOnl |, | MrewSsdOL
Material to be Cut " Drilling . - bin:
al to o orillin . » ~ Tapping
’ ,sg‘l;ble 0/l (75 t0 90 Per Cent ., | - [T ro —
. - fer Sl TR A
At S @ somol
] 10 Per Cent Lard Ol with 90 per- | 0 Wool Grease.

25 Pei Cent Sulfur-base OilP
- Mixed with Mineral Ol

Soluble O._ii a

30 Per'Cent Lard Gil with 70 Per
Cent Mineral O

Brass

. (01;) . 30 Per Cent Lard Oit with 70 Per -

Sl O (75 16 90 Tex Cent
Water) ’

. Cent Mineral Qi

10 to 20 Per Cent Lard Oil with
* ‘Mineral Oil :

1 “Tool Steets and Low-car- |

 Solubte Gil

75 1640 Per Cent Lard Of with

. Miperat il

bon Steels B
o ‘ (0;_) 25 Per Cent Sulfur-base Qil® with
. Copper “Solabic O R e Mipera OF
. Soluble O " Soluble O .

Monel Metal

. Soluble Ol

255,40 Per Cent Lard OF Mized
with Mineral Oil - >

(ory  Sulfi-base Oil® Mixed with Min-
. | erad Gil© - -
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allcabie Tron Solble O e

Soluble Oil..

Soluble Oil
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Cent Miveral: 01l

- Maghesiim( -

60-second Mieral Ofl

. Cent Mineral Oil.

20 Per Cent Lard Oil with 80 Pex

a several varieties.of cool be used. Fo 2 i g
A : - . " 1 | ants may be used. Forrough machining, where the
e P VRS 2P heat, water soluble I'm"xtures can be nsed:w l;th. gOOd, Iﬁ‘Slllt‘S o
stock rempvalis safficient to produce heat, W UG el oeldl Ao Haldlin } g

dissi ‘heat. O il
ipate the heat. Other oils that may be recommended are straight mineralseal oil; a 50-50 mixiur:
At 01k ©

®The sulfur-b

. opération.

of inineral seal oil and kerosen ixtt
S ! ! e; a mixture of 10 pe ard oil with 90
ixsecond mineral oil cut back with mineral _Seai)oillz)rr kc:r?)tsleng ol w0 per et kffrosene; anda 100-

se 0% gﬁ{gg@ith c?n,tam? AYper cent sulfur compound, Base oils are usnallj( &aﬂc in
s procéssed Sont :;2 fn fur-gc_;mpounds_;,result_l__ng from athermal or catalytic refiﬁerg}- brocess
SOPrope ":)f' suSI’fuI ¥ gni:i suitable for 1_1_;5311}5@'13@1_99913111‘[3 than when they have had such cdm.
oir is of temporary va adqae by hand The adding of sulfor _compolinds by hand to the coolai ‘
_ porary value orly, and the non-uniformity of the solution may affect the ng}?j?nﬁlug

e A soluble oi W-VisCosi i i Vi Ve
50 0il or low-viscosity mineral oil may beused in machining cast iron to prevent excessi
i ' ) g g b L Y - Ih

" metal dist.
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dWhen a cutting fluid is needed for machining magnesium, low or nonacid mineral seal ot lard oils
are recommended. Coolants containing water should not be nsed because of the fire danger when mag-
nesium chips react with water, forming hydrogen gas:

¢ Sulfurized oils ordinarily are not recommiended for tapping aluminum; however, for some tapping
operations they have proved very satisfactory, although the work should be rinsed in a solvent right
after machining to prevent discoloration. )
" Application of Cutting Fluids to Carbides.—Turning, boring, and similar operations
on lathes using carbides are performed dry or with the help of soluble oil or chemical cut-
ting fluids. The effectiveness of cutting fluids in improving tool life or by permitting higher
cutting speeds to be used, is less with carbides than with high-speed steel tools. Further-
more, the effectiveness of the cuiting fluid is reduced as the cutting speed is increased.
Cemented carbides are very sensitive to sudden changes in temperature and to temperature
gradients within the carbide. Thermal shocks to the carbide will cause thermal cracks to
form near the cutting edge, which are a prelude to too] failure. An unsteady or interrupted
flow of the coolant reacting the cutting edge will generally cause these thermal cracks. The
flow of the chip over the face of the tool can cause an interruption to the flow of the coolant
reaching the cutting edge even though a steady stream of coolant is directed at the tool.
‘When a cutting fluid is used and frequent tool breakage is encountered, it is often best to cut
dry. When a cutting fluid must be used to keep the workpiece cool for size control or to
allow it to be handled by the operator, special precautions must be used. Sometimes apply-
ing the coolant from the front and the side of the tool simultaneously is helpful. On lathes
equipped with overhead shields,; it is very effective to apply the coolant from below the tool
into the space between the shoulder of the work and the tool flank, in addition to applying
the coolant from the top. Another method is not to direct the coolant stream at the cutting
tool at all but to direct it at the workpiece above or behind the cufting tool. B

The danger of thermal cracking is great when milling with carbide cutters. The natore of
 the milling operation itself tends o promote thermal cracking because the cutting edge is
.. Constantly heated to a high temperature and rapidly cooled as itenters and leaves the work-
piece. For this reason, carbide milling operations should be performed dry.

Lower cutting-edge témperatures diminish the danger of thermal cracking. The cutting-
edge temperatures usually encountered when reaming with solid carbide or carbide-tipped
reamers are generally such that thermal cracking is not apt to occur except when reaming
certain difficult-to-machine metals. Thercfore, cutting fluids are very effective when used
on carbide réamers. Practically every kind of cutting fluid has been used, depending on the
job material encountered. For difficult surface-finish probiems in holes, heavy duty solu-
ble oils, sulfurized mineral-fatty oils, and sulfochlorinated mineral-fatty oils have been
used successfully. On some work, the grade and the hardness of the carbide also have an
effect on the surface finish of the hole. : o :

Cutting fluids should be applied where the cutting action is taking place and at the highest
possible velocity without causing splashing. As a general rule, it is preferable io, supply
from 3 to 5 gallons per minuate for each single-point tool on a machine such as a turret Jathe
or automatic. The temperature of the cutting fluid should be kept below 110 degrees F. If

the volume of fluid used is not sufficient to maintain the proper temperature, means of -

=¢ooling the fluid should be provided. ‘

‘Cutting Flnids for Machining Magnesium.—In machining magnesium, it is the general
~ but not invariable practice in the United States fo use a cuiting fluicl, Tn other places;, mag-
. nesium usually is machined dry except where heat gererated by high cutting speeds would
riot be dissipated rapidly enotgh without a cutting fluid. This condition may exist when,
“for example, small toofs withiout much heat-conducting capacity are employed on auto-
 matics. R | Ty
The cutting fluid for magnesium should be an anhydrous oil having, at most, a very low
acid content. Various mineral-oil cutting fluids are used for magnesium. v

inadequate. '
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Occupational Exposure To Metal working Fluids

Table 1. Classes of Metalworking ¥luids {(MWFs)

Description

Dilution factor

: High} i i
Stesight of ghly refined petroleum oils (ubricant-base oils) or other

ani : :

o ol Cf)nﬂr:;)&_], marme, vegetable, or syathetic oiks used singly or in
_ _ inatron with or without additives. Th i

cuting ot - 1hese are lubricants,

or fL‘lIlCthIl to IH].[’ICWC the fi]lls]l on the metal CUL, ar e
an_t Corrosion. . dp

Combinations of 30% to 5% hi

_ : 30% 1 ighly refined, high-viscos-

1tgéubncant—basg qlls and emulsifiers that may im;g}u(;:?t(]ﬁ:r

II)) ormance additives. Soluble oils are diluted with was
efore use at ratios of parts water. i er

1 part concentrate
to 5 to 40 parts
water

Solable oil
(emulsifiable oil)

-

&IC((;ntraig ;;nz}]]cr amounis of severely refined lubricant-base
0 0% in the concentrate), a higher proportion of

emnulsifiers that may includ e nor
and 30 10 50% water, L Peromance additives,

1 part concentraie
to 10 to 40 parts
‘water

Semisynthetic

Contain o petroleum oils ater |
v _ and may be water soi
water.dlspcr_slble. The simplest synthetics are rflgdibaiglr
;)igtamc anq inorganic saits dissolved in water, Offer good
Ca's:i H};r(;{;a_(l:ﬁtl;)n I\211(1 i;eat removal but usually have poor lubii
) ng ability. May be formulated with other )
| additives. Stable, can be made bioresistant. ‘performanCe

1 part concentrate
to 10 to 40 parts
water

Synthgtjca

e € last sever eC es ]nElJOI ¢ aﬁbes in the -3, TO2CHDNE {00 ny ].!St[} Ve imcrease c

consumption of MWFE. i i
e amption, 5. Specifically, the use of synthetic MWFs increased as tool and cutting speeds

Occupati u ' ' V |

expc(:;sg?it;gnﬁl ‘%;p%su?si to Metal Working Fluids (MWFs).—Workers
8 by inhalation of aerosols (mists) or by skin contact resultifi;1 i o

t n an

increased risk of respirato ; b
= O] nraiory (lung) and skin dis gy
of MWF route of exposure, concentration, and ?:E?ﬁﬁlgge%pifsfiﬁés vary based on the type

n

wahze [0 015, equipment or workpieces coated with th i
use of personal protective equipment such.as gloves and apr?)r:v I‘Stll:i;hgo?:tjzlldt
. Cl -

can als fhai i n
o result from fluid splashing onto worker from the machine if gudrding is absent
e ng or

R |
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_ Each MWF class consists of a wide variety of chemicals used in different combinations
and the risk these chemicals pose to workers may vary because of different manufacturing
processes, various degrees of refining, recycling, improperly reclaimed chemicals, differ-
ent degrees of chemical purity, and potential chemical reactions between components.
Exposure to hazardous contaminants in MWFs rilay present healthisks to workers. Con-
tamination may occur from: process chemicals and ancillary lubricants inadvertently
introduced: contaminants, metals, and alloys from parts being machined; water and clean-
ing agents used for routine housekeeping; and, contaminants from othier environmental
sources at the worksite. In addition, bacterial and fangal contaminants may metabolize and
degrade the MWFs to hazardous end-products as well as produce endotoxins.
The improper use of biocides to manage microbial growth may result in potential health
. risks. Attempts to manage microbial growth solely with biocides may result in the emer-
gence of biocide-resistant strains from complex interactions that may occur among differ-
ent member species or groups within the population. For example, the growth of one
species, or the elimination of one group of organisms may petmit the overgrowth of
another. Studies also suggest that exposure to certain biocides can cause either allergic or
contact dermatitis, - )
Fluid Selection, Use, and Application.—The MWEs selected should be as nonirritating
and nonsensitizing as possible while remaining consistent with operational requirements.
Petroleum-containing MWFs should be evaluated for potential carcinogenicity using
ASTM Standard E1687-98, “Determining Carcinogenic Potential of Virgin Base Oils in
Metalworking Fluids”. If solibleé oil or synthetic MWTFs are used, ASTM Standard E1497-
94, “Safe Use of Water-Miscible Metalworking Fluids” should be consulted for safe use,
guidelines, ificluding those for product selection, storage, dispensing, and maintenance

To minimize the potential for nitrosamine formation, nitrate-containing materials should

not be added to MWFs containing ethanolamines. . . ..~ ..~ . ‘

Many factors influence the' generation of MWT mists, which can beminimized through
the proper design and operation of the MWEF delivery system. ANSI Technical Report Bl11
TR2-1997, “Mist Control Considerations for the Design, Installation and Use of Machine
Tools Using Metalworking Fluids™ provides directives for minimizing mist and vapor
generation. These include minimizing fluid delivery pressure, matching the fluid to the
application, using MWF formulations with low oil concentrations, avoiding contamina-
tion with tramp oils, minimizing the MWF flow rate, covering fluid reservoirs and retun

systems where possible, and maintaining control of the MWF chemistry, Also, propes

" application of MWHs can minimize splashing and mist generation. Proper appli

includes: applying MWIFs at the lowest possible pressure and flow volume consistent \
provisions for adequate part cooling, chip femoval, and lubrication; applying MWFs att
tool/workpiece interface to minimize contact with other rotatinig équiptoent; ceasing fl
delivery when not perforimifng machining; not allowin
tected hands of workers loading'or unloading parts; and.vs
for the operation anid specific maching enelosures. o
Properly maintained filtration and delivery Systems provide cleanier MW, reduce mist,
-+~ and minjmize splashing and erhissions. Proper maintenance of the filtration and delivery
_ systems includes: the selection of appropriate filters; ancillary equipment such as chip
" handling operations, dissolved-air-flotation devices, belt-skimmers, chillers or plate.and
" frame heat exchangers, and decantation.tanks; gard coolant return trenches to prevent
. dumping of floor wash water and other waste fluids; covering sumps ot coolant tanks 1o
_ prevent contamination with wasteor garbage-(e-g., cigaretic butts, food,etc.); and, keeping
the machine(s) clean of debris. Parts washing before naachining can be an important part of

; iiia__ir__itainingcleanerMWFs., we e i CL T
Since all additives will be depleted with time, the MWF and-additives cogcentrat_i?ﬂs
should be monitored frequéntly so.that components and additives can:b€ made up as
needed. The MWF should be maintained within the pH and concentrafion ranges TecOm-

ing mist collectors engincered

1

¢ MWTFs to flow ovet the utipro-

- th
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In viscosi i i
scosity, and-in the case of strai ght oils—reduce fire hazards

Fluid Maintenance.— D ¢ .
tinten ~——Lruims, tanks, or other containers -
stored appropriately to protect them from om[do‘orn vt'felgg Fconditnmmeeprtes should be

or high femperatimme. >Ct er conditions a
p res. Extreme temperature changes may destabilizentizxfll)g 'Szll oo
_ °S may destah id concen-

risks.

To maintain e i
otoathiay ﬁigﬁir %‘ng C(?;E;l({:ratéorﬁs_, ;;gilt;her wafer nor concentrife should be used
iotop offth _ MWF mixture should be prepared by fi ling |
o fecte wﬁ% %I; shiisiag gontzgn%r) and then adding the egﬂjﬁfﬁiﬂlﬂﬁﬁiﬁce{mﬁe
e mixed just before use: Jar o
ogenes manl{ay deteriorate pgore, D Just before use; large amounts should not be sto’rede

Personal Protective Clothi tecti ..
othing. Personal ive clothing
s b ! nal protective clothing and i
e Con\gggg Ef‘:‘ﬂtnowng MWF concentrates from the %ﬁ;ina?qcl;}pfn?ent should |
g conceniry géhlgeggtnéng alfldgives (including Iiioéides) and aillg{:;ign;}lx\;\rfll%
Personal protective ’cl hing includes eye proteery 1 CoLoHS fo U e 4
o ctive clothing incudes e oS g ts to the coolant reservoir.
Wthh do not reaét with but shed MWme grgdi::ef;glgﬁd? ;dfceilftf __ShleldS, gloves, and Aprons
. S)fstem Servzce{ Coolant systems should be re ly i 7
erigorously majntained to prevent Contaminatig

lic oils, gear box oils, and machine lubricants Ie

Y, gnd in the case of §’Lrai_ght oils, reduce the fire hazard

ularly serviced, and the tachi ‘
Ly serviced, and nachines should
on of the fluids by tramp oils (e.g., hyd(;au-

acids, mercaptols, scatols, ammonia
]

. T . . . " n aIlaerO i - i . i
growing within the biofilm to accumulate in the redglczgggitf: eulttive anserobic Species

Biocide Treatirient: Bioci iy
| . . : Biocides are used to
i\t/.[(}\g(FE 1?13(; Spre\{r]flzntmg microbial OVergro'thn L
tock tluids as they are formulated, but over ti.
and biotogical demands Biocides witf, é?xji?eu

intain the functionalit i

1ty and efficacy of
These compounds are often added toytl(l)e
me the b1_=001des.ar¢ consumed by. chemical

tions should be used since o i
s . sed since overdosing coul
e 1ev¢1 ot michohial o v 3 and.u_nder—dosmg could lead to anginagtlf

.’.:z[‘.,.:e\ Jlfﬂalion SV\ \ I .ﬂ'l‘ he Vjé t io S YSI eim s .( | |](! ] e (ie - { I [ Ee ) Ve
T REREE T Siems.: ':[T,be Dtﬂaﬁon i . ‘ ' \
> Rl 1 . i

: itborn . .
tion system should include a positive m of bringing oo et o e oce: The ventil-

—_—




1122 CUTTING FLUIDS
em to a point where.they can either be discharged or
hoods are classified by their position relative to the
process as canopy, side draft, down draftor enclosure. ANSI Technical Report B11 TR 2-
1997 contains guidelines for exhaust ventilation of machining and grindingpp@ratiogs-,
Enclosures are the only type of exbaust hood recommended by the ANSI committee, They
consist of physical barriers between the process and the worker's environment. Enclosures
canbe further classified by the extent of the enclosure: close captare (enclosure of the point
of operation, total enclosure (enclosure:of the entire machine), or funnel enclosure (contin-
uous enclosure over several machmes)., ... ... : : :
If no fresh make up air is introduced. into. the plant, air will enter the building through
open doors and windows, potentially causing ¢ross-contaniination of all process areas:
_ Ideally, all air exhausted from the building should be replaced by tempered air from an
uncontaminated location. By providing a light excess of make up air in relatively clean
areas and s slight deficit of make up air in dirty areas, Cross-contamination can be reduiced.
In addition, this air canbe channeled direcily to operator work areas, providing the cleanest
work env. ent his f be supplied in the form of a low-
ce with the exhaust hoods) directly

tures the contaminants and conveys th
removed from the airstream. Exhaust

possible work environment. Tdeally, this fresh air should
velocity air shower (<100 ft/min to prqvqnt interferen

above the worker. . 7 _
Protective Clothing and Equipment: Engineering controls are used t WOl
exposure to MWTs, Butin the event.of airborne exposures that exceed the NIOSHREL or
dermal contact with the MWTs, the added protection of chemical protective clothing
(CPC) and respirators should be. provided. Maintenance staff may also need CPC because
their work requires contact with MWFs during certain operations. All workers should be
trained in theproper uscand care of CPC. Aftér any item of CPC has been’in routine usg, it
should be examined to enisure that'its éffectiveness has not been compromised. 7
Selection of the appropriaté respir £pends on the operation, chemical components,
and airborne ¢oncentrations in the worker s breathing zone. Table 2. lists ihe NIOSH- 16¢:
omimended fespiratory protection for workers exposed to MWFaerosol.
Workers Exposed to MWE Aerosols®

Table 2. Respiratory Pfotéction for

4 Minimum respiratory protection®
No respiratory protection required for health
workers®. SN Ca

Conceniration of MWE aerosol(mg/m3)

#0.5 m/m? (1 REL)®

| adisposable réspirator®® equipped with any.
or R-series patticulate filter-(P95,99, P100

R95, R9Y, or, RlOO) number ;. &
.. .| Any powered, air-purifying respirator equipped
: ‘with a hood or. helmet and a HEPA filter’-

n factors (APFs) may be substituted for those w1th 0

15,0 mg/mi? (10 REL)

#12.5 mg/m® (25 REL)"

a Respiratots with higher assighed protectio
APFs [NIOSH 1987a].” A
P APE times the NIOSH REL
anticipated level ofprotectimn_prov_ided by each type of respirator. - : cwtn
¢ See text for recommendations regarding workers with asthma and for other workers affecter

MWF aerosols, . o o
. ‘4 A respirator that should be discarded after the end of the manufacturer's tecomine

..use or-after a noticéable increase in bréathing resistance or when physical damage, hygiene co
' rérider the respirator unsuitable for furtheruse. = >

. An APF of 10 is'assigned to disposable particulate respirators

" HHigh-efficiency particulate air filter. When Ofganic:vapors are-apo

* ihg opérations, a gqgr}hina;ion par_ticulagc_and organic vapor filter is necessary. .
* Only NIOSH/MSHA-approved or NIOSH-approved (effective date July

equipment should be used. - T o

Any air-purifying, half-mask respiratpr:includm’g“

{ons, or other warning indicators w ot
it if they have been properly fitted:®
tential hazard during metalwork-

o reduce worker -

EL for total particulate mass. The APF [NIOSH 1987b] is the mipimum:

nded ﬁéﬂod; of

10, 1995) réspiratory
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-MACHINING NONFERROUS
ANDN QN—METALLIC MATEI?IX?;%‘;S

- Nouferrous Mefals

Machinin, i : : . .
Fully Witho%; ?;n“;fillllll)l::;’la; (?rogllteﬁcl)ll; tl;(e)ﬁéoys gf_ ;11111111 inum have been machined success-

i iy : ound, but some f hri . S
obtain the best results. For many purposes, a soluble cutﬁngo‘;'ifn“ggglggcant is desirable to

Toels for aluminum .

1o0ls for cuttil;gnsﬁ:f Ell:nd i‘.ul_ununmn alloys should have larger relief and rake angles th
mended: relief angles-' '121 gh-speed steel turning tools the following angles argr eom
15035 degrecs, For ver Ofmdegm%? back rake angle, 5 to 20 degrees: side rake anslo.
silicon alumjnu;'ﬁ alloery S.Odt alloys even larger siderake angles are somé,ﬁmes usedalr-llg' %
While these alloys Canygean tsome others have a very abrasive effect on the cutting { lgl
are recommended becaus e fs‘?}f cessfully with high-speed-steel tools, cemented ’éa%b%o ;
miended for cemented éast?i ge unf;;l{ riS!;}‘[)grllor ab‘rasi_on resistance. The tool ;:méles' rec:)ifi
angle, 00 15 degrecs; side rake ang] g, : ?Osszrzé rgigzg angles, 12 to.14 degrees; back rake

. Cut-off tools and necking achi
tools ar g tools for machining alumi i - ;
12 10 20 deor ~ g aluminum and its alloys | :
Frcellont f}i‘":aegsb?;]f ; ake angle and the end relief angle should be grjc;irftgog dlgad‘;e rom
PR ¢ cut with single-point tools in even the softest aluminy EgIQe.S‘
Some prefer to 3?{; apgnt‘;lwhaylregardlng the rake angle for single-point thread cuE'n Xpei—l_
Eatiounh fhe da er large back and side rake angle although this requir g tools.
rake angles afeC . .?thar{gle of the tool to produce the corréct thread cont((l)ur e\?VELmOdlﬁ_
thie thread. Eicgﬁg?;t' thﬁ’;mgmd?d angle of the tool 1s ground equal to the incluaed g ?Ql‘lh
ting tools using large r Hea s have bef?n cut in aluminum with zero rake ansle thrandg ? Of
thiead and 19 o 4g{ej: el ef ang_le-s,.whlch are 16 to 18 degrees opposite the ffont siga ‘—fcuth
edges should be - egrees opposite the back side of the thread. In either case, th °o Fhe
of the ool 4 fewgsrﬁgﬁesag?tﬁzngggg E _lieen edge. Itis sometimes advisable to g,iveetﬁgttgrcl:‘g
built-up edge on the cuiting edge. ctween.cuts when chasing the thread to remove any
F' R : . ; f . . - . e - )
iy é?ai f;ﬁ?:ofggrsﬁ?stge va;tﬁn difficult to obtain on aluminum and aluminum alloy _
: :metals. When a fine finish is required, the cutting too oY, par
to0 2 k NE : required, the cut : A 1y
a keen edge and the surfaces of the face and the flank Wiuzllstéri)geg;(gtsél;nggigg ﬁoneg
one

10{8] l)“l WwWear 1s'ine |1ah|e h]!] fsh()“l(i not be {“ﬁ]ed to rosre |()(] Ia[ l)el()[e fl|e

tool is changed or sharpened. A sulphuzi i i

Lool in ch . 1. A sulphurized mineral oil or a heavy-duty il wi

ot sukég_ll:glt%i;lll;g obtaining a satisfactory surface finish. For gegtligjféugﬁfﬂ N

(i mond cutting too s recommended. Excellent surface finishés can be obtained ¢ beven

st uminum and aluminum alloys with these tools. =~ ebteinedon even

;Although ordinary milling cutters can beruse ucoessully yps whet

i hough ordinar ng cutters can be used successfully in sho i

o '-_angle guigsshﬁlﬁ' chcas;ong}}y, the best results are thm{léd Wiﬂl:}) igva?:;igtl)l‘:hmllnum

degrees are recomhleﬁd%% aVl{fgfrake and clearance angles. Clearance angles up t0 10 tﬁrlg;

th ey are recommended :}:}qg slab milling and end milling a profile, using the periph

s on the end macijlnlﬁmﬂ}mg (also called down milling) will generally E(‘)dg .

e inishon the machined surface than Gonventional orup) millng. Face gt
ould hawve wrge axial rake angle. Standard twist drills can be used witho&?%l;:fli{;m

culty in'drilling aluminum and aluminum
Ity ling aluminum and aluminum alloys although high helix-angle drills aré

Preferred. i ‘ i ix-ang|
The wide flutes and high helix-angle in these drills helps to clear the chips

] eﬁmes’s??ﬁt_' PR e - s
5 Bplit-point dtills are preferred. Carbide tipped twist drills can be used for drill-

10 alumi i :
i, num and its alloys and may afford advantages in some production applications.

dinary hand and machin:

- _ e taps can be used to tap aluminum and i

ral:fluted. > : ) tap aluminum and its all hi
{hould g ‘gléoaurni(; htht_rﬁzg dta;; E:]\;Ie gu%)en(;lr results. Experience has shogistlitth;fl? ;E;l;
fiaT; ' — ute when intend i '

hielix angle should be similar to that used in an orgﬂiaryed tt\?fi?tndnr‘lﬁht_hand threads . d the




