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Cenersting Surfaves of Rotatioe by Electrochemical Turning
“Durmmy™ plastic

txignsony of tood

Tool feed
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Figure 8.3 (Contznwed).
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Figure $4 ~eeztrochemically turmed femponest produced by a radialiy moving .
segmenied togl. (Courtesy of the Arocut Engineering Compagr )
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Figure 88 A wide variety of two dimensional shapes can be produced by ECM
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Figure 75¢ The large recess in this }-ip.-thick titanivm plste was machined with
a forward Bow tool. The periphery of Lhe reces, and siraight rib, form exhaust
boundaries while ths curved ribe correspond Lo flow supply shots. (Courlesy of the
Geoersl Bleciric Company.)

Figure 7.56 ECA'.\{ tools that produced the steel forging die shown in Figure 755

Figere 755 Steel 1o
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Figure 757 Automohile engine connecting rod forging dics and one of the ECM
tools used to machine one of them from a solid blank in 20 min. (Courtesy of Lhe
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Figure 745 Varialion in slot design for forward and reverse flow Lools.
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Figurs 748 Corny ©58; ~ Frought nickel alloy jet
. Fi 746 Complex roniowr (6 x 8 in) ent ina lqn_gh‘ wrou.gla‘l mc-kr.i i
' cn:;::“ casing by a single paw of the ECM tool dgpwn.'._l\{‘nchmmg lime 30 min.
(Cimﬂesy of the Bristol Engine Division, Rolls-Reyee Limited)

i
3
Figure 747  Thix too), which machines the corlour shown, and the too] shmrn-in
the previous figure are exaniples of & number of tools used to produce the entire

outer contour of a 4 I dinmeler iel engine casing, (Courtesy of the Bristol Ezgine
Division, RollsRoyee J.irp_iu;di_
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Table 4.2 Approximate Costs of -
Standa;d Machines l
_ : g
Vertical 10,000 A £135 |
Vertiodt 200y ggg " iﬂxfrll 143,
Ver?iu] 40,000 A 4350, 000 1§ mafopele
Horitontal 10,000 4 $156,000 T Y rsdate R
Herizontal 20,000 A 3250,000 15 i l
Beam machine 10,000 4 3280, 000
Beam machine 20,000 4 © 340,000 o b
Vertical lathe 10,000 A $245, 000 it 3
Yertical reinforeed concrete 3,000 A $ 50,000 e B
Vertical reinfereed concrete 5,000 A $ 60,000 IRE} 1i
Vertical reinforced concrete 10,000 A ¥ 30, 000 V

[ ]
_\‘\ tadle L Compacison 5 £

Brilling wien :
Conventtlonal dctlltng (227 {




i

"Figare TAT Variety of components, test pieces, a5d (he ECM Lools that produced
them. The belical splined gears are eenerated with a loof having combined axial
sod rolationa! motioas. (Courtesy of LTV Vought Aeroziutics Division, LTV

* Aervepace Corp.)

Figure 7.19  Gear blank showing lightening holes produced by e toslinf id '.U’x!
previous illustratica. ECM replaces both mechanical dri?'.'i:.; and HMecdicg operalicd
sl 2 sving of $3 per picee. (Courtesy of the General Electric Company ) :

Figue 7.18 Ceneraling tools alter machining four lightecing boles in s gear. Al
the exaler of each hole can be seen the small slug of materdal jsolsied by the
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Figure 7.51 Titanium plate with reetanguiar pockels produced by s repetetive

ECM operstion. The dircnsional repeatability and surface quality is apparent. E

- {Courtesy of the Anoeut Engineering Company )
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Figure 7.30 Simple generating (a0l Elertraly v is sipplind | i £
from the periphery of the tool aed fows inte the cross sials,
The siefes of the loot are izsulated ' crevent ;

(Courtesy of the Anocut Enginecring Comprny )

Fild-sltng

ECM 5 X C ) S ' l

Figure 752 ECM udolled disk. Each individual clectrode on the tool has fo-

sulated vertical walls and ils nerrow electrolyte supply slot is produced by electro i
discharge machining (EDM}. (Courlesy of the Cincionati Milacron Compaoy.)
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Figure 753 This ECM Urepanaing lool cut the compooen! shawn, from ao!id 7
275-ia -thick titanium plate, in 20 min. The base of the lool messures 12 x 18 in. i
Courtesy cf the Geperal Eleclric Company.)






Figure 7.20 Integnlly blsded larbine wheels decirochemically machined from
waspalloy and titanium forgings. In operation a lool moves in radically to generale
ooe airfoil: the wheel is then indesed. While wheels take under 3 hr to process,
hespuse of the many lool pasxcs which have to be made, multielecirodes can be used
19 process several wheel simullaneously lo schieve low manulacluring costa.
Tooling v patented by Gurrett-AiResearck. (Courtesy of the Garrett-AiResearch's

Maoufsetuting Company of Arizona}
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Figure 7.21 This rzg. approximstely 10 in. in diamaler, was sut as showa by n
sicgle, 20-min pass of an ECM genenaling tovl through 3 0.75in -thick Utamium
plate. {Courtesy of the Gerersl Electric Company.) .

Figure 722 In onler to Tully ulilize a 10000-A machine both th?ae com;fonrnll.
the larger messuring 10 in. scrom, were machined n'mulhnt:ou:ly in 20 mis by a
single ECM gepersting tool. (Courtesy of the Gepers! Fleclric Company.}
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Pl Ko le ECAM Zu b V5 300 ¢

A ' Figure 727 Complezly shiped
(Courlesy of Khk Iodustries)

composent and ECM ook used to prod{jc

Figure 7.29 Jet engine ensing, with integral “vane exde® sad pockels produsesd '
ECM. Jj:c Pprocem is used exlensively to produce this type of tompeoent i3:
gy luﬂ‘;r_:_ne _J_ndusl.ry. (Courtesy of the Aero Ecgive Divison, Rolls-Royce le:”éi
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Figure 3.3 Specialy built machire for electrochemical culliog of large billets
of matenial bot easly cut by mechanical meibods. (Courlesy of the Apoeut Engi-

peering Company.)
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Figurs 33 Electrochemical besm machine wsed msioly for both inside and colude
cootouring of large annulsr cownponents. The too] plaien has ontrolled molive |n

both vertical and Borizostal directions. (Courlesy of tha Cinelnssti Milacron
Company.)
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SERES a -1 -- 9:? :.,‘;. N
m;::. These h;n;onal pockeu sre typical of work that can be produesd
Compamyy. formard flow genersting tools. (Courtesy of the Anocul Eogineeriog

an ECM geverating tool, i:typfcl.l of
both gas sod steam lurbines. A vegle

Figuce 718  The dovetai] shape, produced by

that used o secure airfoils to their ralors in
£ 0= 000C5 1a. tolersnce. I » sccoadary ECM operatian

1ool, &3 shewn, ean mackia
es of % 0000] ia. are passible. {Courtesy of Lhe Cincingaij

B8 lperforrned then tolerane
Mitacran Company.}

Figure 7.15 A geperaticg lool can be tsed to cut wdmost apy shape from plale
material. The tool is 1 simple cuvelope of Lhe shape to be machiced. (Courtesy of

the Cincinoati Milacrea Company.)
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Figure 7.14 Precise rectangulsr hole produced with a generating tool. A lool, such

a5 this, will peoctrale icto the work zt 0.1 te 03 in/min on ferrous malerials,
i
3

(Courtery of the Cincinpati Milacrea Company.)
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Fi 310 Streamlined clectrochemical machining .he'lory arrsagomeat. _koh_a;
u::;:r-i:; are scparate from the machine shop. Eleclries! equipment le plited o
the floor sbove and electrolyte handling equipmenl on the Boor below. ((?ourteq
of the Apocut Engineering Compazay.) - : ) .
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Figure 3.8 Vertical electroche mical
_ foreground are high pressyre pump,

e<otrols, sod hydrogen extrsction fan; in
ccndenser, sod electrical coolrol cabigel

Company.)

“C" frume machipe Thbe auclisres in the 17
filter, eleclrolyte pressure and temperature :

the bacground are centrifuge, evaporalive =
- (Courtesy of Lhe Cineinoati Milacron

Figure 32 Vertical, voderdrive elec
remaing fxed while the work
of the borizonta) lable. The
machibe. {Courtery of the

trochernical machine, The
is fed towards Ure electrodes by
drive mechanizm ia boused iz th
Apocut Engineering Cempany.)
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Principles

Laser beam machining {LSN) removes material by meit
ing, ablating, and vaporinng the workpiece at the noint of
impingement of 2 nigtly fecused beam of coherent mon-
scnromatic light ses figure 12 5-1'. Laser :s an acronyin
ior "Light Ampuficaton py Sumwaed Cmission of Radis
ation.” The elecrromagnetc radiation operates at wave:
lengrhs from the sieimle 1o the infrared dsee 1able 12.6-3).
The principal lasers ussd: Tat emcval ara the ned:
dymium-glass, the Nd-YAG ineodymium-yiirium aluminum
garnet), the ruby ard the casbon dioxide iCOnj. The last s
a gas laser (most frequently used 35 a 1orch with an assist:
ing gas—see LBT. taser s2am torchl, while the others are
solid state lasing materias,

o aer supply produces shart,

For pulsed operaunon, ¢
.ntease bursts of siectricty
santrate their bght Aux an the fasin
ing energy from the excitad a1oms s releasad ata charac:
leristic, constant irequenty. The roncchromatie light F-)
amplified during success:ve reflecticns frem the murrers.
The thoroughly collimated ight exits through the partially
reflecting mirror to the lers. which focuses it on or just be:
low the surface of the werkpiece. The small beam diver-
gence, high peak power and single [requency provide excei-
lent, small-diameter spols of light with energy densities up
to 3 x 101 walis per square inch [4.6 x 10% W/em?l which
can sublime almost any material, Cutting requires energy
densities of 107 to 10% wiits per squars inch [1.55 x 10% o
1.55 x 10* Wsem?l, at wch rawe tas thermal capacity of
most materials cannot conduct encegy iato the body of the
workpicce fast enough & prevent melting and vapor:
ization. The initial or lcading edge of the power spike is
most important in CO; lasers 10 initiate vaporization in
noametal driling, which then promotes better absarption
of the encrgy. Workpiece surface reflectivity, absorption
coefficient, thermal conductivity, 3

pecific heat and heat of
vaporization are ail impor:iant when considering a laser
application.

~:3 the Aash lamps, which con-

material, The result-

LEM schematic.

Cutting. welding, scriking and heat reating
with the zame laser Ly vanang the 2nergy
appropr.ately adjusung the
duraticn

can all be done
densuy aod by

focus Ispot s12¢) and the pulse

Sharp, short Caussian miode repeutive pulses

ting hecause they have hign energy den:
equires orgar duratiof puizes and a tread

nergy Iznilies afs 108 1o, 107 waus per

155 x lotte i 55108 Wsem?) Heat treaung

cperates at under {08 wartis per sguare wch i1 35 x 109

W oeme., 2t 3CT.BINg TERUITIS YT shortcutlag pulzestsee

fgures 12.6-3 13 1% §-7). Heat treaung and welding are
not covered in this pracess summary.

crining. the exzulsed material forms
H R subseguentiy solidify o gust
: orotecnon the jans from
‘chig” remevE sysiern—ire:
g keep the Sp°

Practical Applications?

LBM s

atlows.

cow 427is, Sonlnae
are veed. Texturning an
. Smail ko

greest to the surface.

energy evel

angles (15 de

Waser tecinclogy is advanang 32 rapidly &

are rezaoved by more re2znt Zeve spmeni

e Ptk buslders 8 recommended {or new ap
L

not a mas
easily szatrolled ¢
tool that imparts mnimal heat and thermal dis
minimal demands upon fixt
in a well-iocused beam will melt oot s -
Contsur cuts and shitting of 18
ind atber metals are done 2

fisr,

s matenal removal process—ut is a
socess with a non-contact, non-wearirg
tortion witd
uring. The hiv = rrergy density
:ny matenial.
0 steels, alu..hum, Hanium
{ rapid rates with nar
s agowave (W) modes or Righ pulse rates
d etehing 2te geriormed at lowes
‘s grilling can be dane at shallow
Multipie pulses permit

a .
at cwrent Limstanions fraquently
A cneck warh sinive laser
cheatusna-

Fooe i)
N
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il 27 mml damerer. can be drdied i O 50nch i1 T mard
thick materal Trepanrung 13 done for stll targer holes w-
wg NG ot a cucle generator adtachmenr. Plasncs. rubber.
cah and smitar organuc base mraterall <ur mare eanly
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Cpeeating Parame

of the lyserd spend aiad precnion Yiable appicabons ke
LBAT range lrom dumwond wire draw d:es w Casheler drdl-
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Cateira 3N @3 Sandealing £aory dyuanmcady sEor ey
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For 12! 520l aopucaions see Laser Beaos Tt
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TABLE 12.6-1 Typical Values for LBM QOperating Paramelsgrs and Process Capabilitzn

OPERATING PARANETERS
Lasing mateaal Ruoy fg-7A5 Ng- »a1s COp
Tyow Sond Hale Soud statE Soed wate Gas
smadlesl $p0¢ hegh sffiCioncy
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MOAT RISy
aLEortad by
omaials
Cmteprcrie bows. 0 d’%lr [ .1 Gidss = COys+He v N,
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Laser Beam Machining—LBM 12.6

_ [
Flasr tamps /\4_._2_;
d

Waorkpiece

[
l l | ] ‘ I I l - Divergence angle NS0

472 Tacal

— = INE

- = y

‘ .
£ull & Stimutation ) Partial Monochromatic ) -
micror e eate mrrer coherent !

)‘b/( ot (et s o HgR [ Focal lengin

o |-

Cepth of focus®

*Distance wilhin which the spol size (8) is no more than 40% larger than at focus.

—

Figure 12.6-2 LBM parameter terminoicgy.

TABLE 12.6-3 Commercial Lasers Suitabie far Materials Processing

T 1 .
LASER | | MOOE OF pULSE ‘ PULSE b
TYPE | WAVELENGTH | OPERATION POWER REP. RATE | LENGTH (  AFPLCATION | COMMENTS
i =m ! w FOS : o
i : . -
Argon { 0.4380 Repetitively 20 peak; 80 l 50 .5 ¢ Egrmrgthin 1 Powazliow 2
: VIR L ozuised 3 025 I |tz
: average ' ) h
Ruby 0 6943 | Normalpulse | 2 x 108 Low i 0zm7Ts ¢ L Shenoan-
i peak (510101 | } ! scanomicel
: i i i o
|
Na-Giass ! 18 Normal pulse 2x "2k : Lew G521l s b Cuznwr b
: [o1=F-14 : e [l s telaa tIep Y
i i ; | i i
Ng-YAGe P 126 CCaetinueus ) Y300 ! - i - '
; : i
! |
Nd-YAG 1.06 | Fiepelitiveiy 3x10% 110 24,500 Q10 23Ins | Rzs.star inmming, o o
| G-switches peak; 3co Z0rs aic cwcuit |
i 30 average | PotaTmzetan g
Nd-YAG 106 { Normal 100 300 DStoiTs | Sociweld,
i puised Loogni
co 106 * Continuous 15.000 - - | Cuming organic Very buiky at
i rizls, Crygen- Digh COwWers '
| red metal ']
Oy 106 . Recahlively 75000 400 £l 30 mming 2uiky Dut 2
. Q-swilchec peak 206G re ! oelzngTuld
i 1.2 average
COy 106 Superpuised 100 100 100 .8 iohesng, hole Sutky out
| average and up ‘ procection, eutting economical
) _;
1

SOURCE: Mogified lrom J, F. Reaay, Seiscting a aser for matenal working, Laser Focus (Marcn 187C). 2. 40. ]

* Neocymium-yitrium aluminum garnet.
* COp plus He plus N; muxture.
+.
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PROCZ3S SUMMARY

acneiosinthve
AL e

Tt ~r

Soundie ifrust

=3

Tocl ¢z~

eguenty
power

ATrisne

slurry
! Waorap.ess

Tanx

USM schamatc.

Figure 10.7-1

i Principles
Ultrasonic machining (USM} is the remaval of material by
t=¢ a3rading acucs of a grit-loaded liguid shwTy cirezlatng
Serween the workzecs and a toei wibraung serpendicuiar
l1@ the workface ata fregaenty above the audibie range (sge
jrgure 10.7-1). A tighlrequency power sowte aciivates a
‘stack of magzetesitctive material. whic produces a low
amplitude witration of the toolholcer. This motieais trans-
- imitied under light pressure to the slury which abrades the
|workpiece into a conjugate image of the tool form A con-
“lstant Aow of slurry (usually cooled) s necessary 1o carry
away the chips from the workface. The process is some-
times called.uitrasonic abrasive machining (UAM) or im-

‘P‘Cl machining.

é prime variation 3! USM is the 2ddition of ulirasonic vi-
127aton to a sorarng toci-usuallv a diam -nd-ptated drill
;';‘__—RC"UY ulrasonic mackimng (RUM; subsiarually in-
iCreases the dnlling efficiency. A piezoeiscuric device hutlt
into the rotating head provides the needed vibration. Mill-
19g-, drilling-, threading:, and grinding-type operations are
‘performed with RUM {table 10.7-15 and figue 10.7-135).

Practical Applications

jWhiIc UUSM can cut any material. conductive or non-

conductive, merallic, ceramic or compesste. il 1s most cfec-

live on matenals harder than 40 Re. Holes, slots and ir-
~-fegular shapes can be produced 1n delicate ceramics. Tool
-._‘char and taper in the cut can be hrung factars A prace

10-43

Ultrasonic Machining—Usm  10.7

and Rotary Ultrasonic Machining—-RUM

neai des rgewigth tino s 281 Holes as ~emadl as 03
s Ty mind Jgrrent e
teal bmns are 3 2
2. 3anch hd npnn ey CaVILCS T-epanmng s prelertnd o
calid druling Threagung o1 Ceramcs <on be accomplianed

with 4 191y tool or part Siwingd. vermmg. Sieing, WPEne,

eqvms Acburring., broacming, boring and Irepannizt

LPCIatUIL afe dise praciiedl an sirasome assist 15 some-
Lo S e Lo Ol CONNL ST

-

2itettetr v e Bern Tads

RIS aim DN IeT Toeeta s Toeratting

S P el

Operaling Paramelers

TABLE 10.7-1 Typical Values for USM Cperaling
Parameters

200 "0 4000 walls

Drywmr
Frequency: 10 1g 16 WMz fmegt 2z ey 20
Abrasive
type: Saron carede (Most recuentfy)
Lsee1azles 10.7-2ana 107 -3)
L4 120 10 2000 (see szei07-10)
concenyahon. 24% ¢ £C
Iowa
1o8:5)
heisng.

Ampte sharp and coot (repierusn as
sezamss aoroy 157 S0°F
[z*1e £°Cices e

330081000025 ingh 10013 M0
0083 mm](mean uameter ol
gnt shoulC De aszrasumately
equal 1o thewviDrslcn amph-

rude)

Vibralion arnpituce’

T1510C 10 (B 4510 28 agi{genat3ly e

Toc! npferee
tess than 1010 {4 & k5D
Mifd steal, 393 siainiest sieel,
Marel, 52100 stee:.
molyDCenum

Toci maizral

Overcul and cutung gag Azoroumalely 2 imes gt s12@

0.7:110 1000:1 (sea tac.e 10.7-16)

Wear rano:
Feod rale: 0 002 10 0.10 in/min [0 C5 10 2.5
mm/min) {sensifive lo debnd
accumuiatonn $an 1o shar
ness of grit and 22210 of cut}
- —
Degtnot cull Lptwo 2.8 inches [o4 -}
Asagof cul Up to 3.5-inch [88 mm) dameter
Accunacy -0 001 meh [ 20028 mm) Ty g
+ 0 0002 inch { = 0 005 mm]
poss:bie
-
Taper. Up to 0 005 inch/inch [ 005
mm. mm]

Suraca roughress A, 010 n[051 10576 wm)
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f\ \ Ulitrasonic Machining—USM

and Rotary Ultrascnic Machining—RUM

Taere 3re severai vaiia wamcues fur sc.’c-:_::-:Z Sperating
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10.7 Ultrasonic Machining—USM

ané Fatary Wirasemic Macmiming—AUM

Material Removal Rates and Tolerances
Resocciacle mackimng rates -~ o -+ °° aciurady and
Wt W T ean c€ AL TIEY el e o mea s ee s ewiB s
2 et drip € i .. st eCs AFE GI TnI 4RC 3130C
load are prncioal consids
WISV e wliTas STNeTEAS. PLLowe
2ad WSp LM al L2 fI.c 98 PEREITILON 15 NVITILY 2rIpeTe
tional to t=e area of the cut and proporiional 10 the gTit size
and che sovare of the amplituda =iz 0 7 rzanniag of
cavities .- ... 5 preferable to the use of sohe oo Cut-
UNE rates Increase with 1ne hardness of tne aprasive gmt It
¢ rrsental to mamtamn a good Jow -7 UM Lnarz o at
s3cs and to Aushoime oo Tz Tom chii:
ne o7 Ioims. Excess stans ac lznocem-

LRt ais

1. wan
[t -

and aceums
pactms

¢ L.z SeRETINCS TiiZ
Tae Zelicate iweed of USM, while sicwer m vrivme re-
moval raie, 3 de especially valuatle lor r2Zucing mane-
faciuring ‘osses of fragie workpieges. Braakouwt and chip-
ping of exiis cf cuts can be a protlem. Thin paris 2len are
cemented ¢ a sacnifice plate.

Actwracy s noically = 0.001 inck 1=
achteve =302 el (0003 oo
Trpicaloprrznngecncitions are lis
rate of rzmova, acd other specific soerat
Gependent pen the work watera €haraciss
Corsiratedniatie 10.7-2C.

3 Tze

.as dem-

Surface Technolegy
'Surface rougizess decreases and Anish
smaller size gritand smaller vibration ams
reguencies 1se2 Sgurss 16.7-3 10 10 T-30 4

<2y

incTease (o
—atar:af afier

Erasive gnil.

-

Ezuinmentang 1ocHs

LSM equ.pment - Tons
Lo T 2ilu W3S AAG, st spesial

T Pl
TN -

S Iniwe
engineening order. up 10 4000 »aus. The most commen
i see g MY RHEE wcher® s S oadincied abayr abis s

TR 1 perTIiliv elTe.n welie! lainhg LS alee o _.,un,g,

Spec:al attachments o6 equipment adacraiens srande uk

trasonic assist for cogwenucnal dniling. grieding. formicg
and drawiny Tt ozizrizl 1ad gt are matched to the ao
piication. iz o7 e best product. .. Tfat Jafe snouid
ke exersieed 1 seleruimg and mainaiming tne Laputege af
vibration. The teal shouid Se “esxgned 10 resonate at the
Cesmred {remuency ior Dest resuits. and It MUSt be surong
enough o resist fatgue Qnurz Tocl materials are selected
on the Sasis of ¢oevlior 3ad touginess rather than bard-
nest. The overcut beracss ihe 1o¢l ferm and workpiece
3hape s approxsmately s3ual to twice 1he sizz of the abra-
sive grit. Tocl siovege needs aitzztion in order to reduce
nicks ard scratches hat can cause carly fatigue fGilure.
Most fercas are low. so werkpiess clamping can be hin-

imal Fixnwring shouid o¢ positve &2 25 0 ¢liminate vibra-

tion of the workpwes. Thre siuwTy recrculavon system

should Rave czdlingate

RUM scuioment ‘s avz a2 mn 2 ~1nge of sizes and acces-

Ct _ ar
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and Rotary Ultrascnic Machining—AUM
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Parameters

- 10.7 Ultrasonic Machining—USM
Ird Rotary Ulrasonic Machining—~RAUM

FASLE "0.7-2 Srecsio Select USM Cperating

TABLE 10.7-1 Typcal USM Gperaling Conditions

[

[ (TEm

QATA

PARAMETER

J

' SEMS.
. PCUGHING ~ FINISHING  ZHHISHING

L

Tys#. hardness, mat-

‘ Mooy sate

! 2. CommeLring Lrg-

o el - wd

1 Arez of 2ut

v

e

Loz sy

L] 12, Sesst squicment
s:zs

11, Merky vwhrinen frae
, ©oQuency ane ampli-
i tuce Fafrsotrer

Coerit oG setngs,

Czam ~asim —tn

P |

‘ See tatie 10.7-d.
* From snqineenng arawing:

| Maximum conlours Qepih-io-
, wigth = 2.3t

4. SeezTnreatrasve

Se:at 3trasive g

6 Se'sct % oczncenita-
¢ Lower %'s for farger toc! areas.

7o Seaztroetmateras

c Cepthafoutersiroeasqoas

Measure or estima’e wear ratios.
Takles 10 7-16, 107-17 anvd

Tromoengineenng Gramngs of
specifications.

Preferadly hariness gre gler
than 40 R,

*

Maximum Gimension 4 ncn
[100 mem?

Minimum aadch cut 00353 ich
[0 076 mmj

Limied by tool type and
shape. Consunt macrune
vendors.

From engineering crawing:
Calculate frem zan
configuration.
Minimize area by use of re-
panning whese possihie.

Tagies 10.7-510 10.7-10

Tatie 10.7-10; Sgures 10,7-3 o
16.7-5.

Easa 30 surface roughress ang
toierance neacs.

Figure 10.7-5
Yiater base gererally, orl or
alcohol somelimas used

when water sl Cissdive
worksiece,

Tacies 10.7-11 are 10.7-172

Taztes 'C.7-13 0 "27-18% hg-
wres 10.7-7c10.7-11

Allow overcut of 2 umes gt
size,
Figure 10.7-12

Tacle 10.7-19

Trial cul and tunirg of sys:em,
Establish wear rate.

drawing requ. erents 2§
lool wear aticwance.

10.7-18: ligures 10.7-13
ang 10.7-14

Tolerance.
weh

ReLGN eSS,
mcronch Ry

Gnt n1e

ALMLer

Gt average
HZ8, NN

Gt rverage
Size. mwCrCN

Abrasres
Cyersut,
inch

Mazsire
siroke

0.000%0 0.00044

concaryation, %

0.0015

i
0.0¢2 [ 0.0005
I

-nrCE -0 AN .

b t

;”1
|

112

}

!
|

3B

0.0005
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TAdLZ '0.7-d

AV

Aaterrars That Have 3een Succassiuly Machined Litrasenicatly

Ultrasonic Machining—UsM
and Rotary Ultrasenic Machining—AUM

Sdecacort.ze

AQ3ie T ey Lesicne
Aluming lrgiec size Lmeem dyer 22 Sshgzr mona
Alumirum 21:Ce Soony Thoana Siqrss sleei—narcereg
Sarum litanars Farrie Motyscenum 3leaue ABLE s
aryltum >x.7e el AcilyocenL— I sihgate Stesi~arTeneg "o Umeerers
R AL ERERET P S R ' TiLnav
It IiT I s Gef TaluaT Tasérsiziinz Tlmnean .________”::
Brass 3633 Syrobvlic graznite Tungsten cartice o
Calcium Glass-bonged mica Cuarz Thornum oxice ype. hs-
i fraghite T flroee = mrede u'u':;"c.'
Carbon Harcened 1095 steal Sappnice Uranium caroce .
Caamcs AwGn Sressore 1T TS Slicon Zircomum oxice |
,2- [ S
] L
TABLE 10.7-5 Abrasives Useag .n USM TABLE 10.7-7 USM Cutling Sgeed Inczx ror 3t @
‘Hork Matarials |
KNCOP RELATIVE ‘Soca g'ass usirg 100 mesn 2, adraswve = 100) f’ Area gf =
ABRASIVE HAARCNESS CUTTING PCWER r
. | ! ABRASIVE
Damond 3550-7270 10 |
- 3 . ! Baron Carkide :
Cunig Dorcn lrze 23 Kialscs) C:5 ; WCRK MATERIAL .
Bcron carmice 2.2 2z 950333 : €0 . 200 . 00 2 Serects s
Siheon zarmce . 5.3} 2430.2800 02543 ! Tesn mesn . mesh ﬁ Seipns -
Seipar oor
Allmirumonzoe 3Ll snrssein G 173 ! i s7e
- ¢ ' Soca ;izis o s0 | oy :
! beysil cotr 3 | osa
1 4 1
35 scromicate glass I35 j N P
Farroxrume NG [ 37 ! | Se'ect %
LT ! o ‘ ben of s -
Femexcure (Temagrelixa | (23) ;
Cuarmz coystat NN | i
Fusad afum ra -1 ' f i
: Sy~eve sazcrie c { i
Syrimevc Loy 13 ! 1 I Seeziiog -
Siet ST:.‘*.‘;B : s i ! TN
Sarum-ttarale cerarmiz [ e} A,
TABLE 10.7-6 Select anemarats i | Fereaic
- election o r - az <
' Abrasive Caramic 5C7 i {38) f v :r; L
ABRASIYE WORK MATERIAL Garret (£8) sa <
Seidscar (4 Seiect tool ¢
Jzron carhide Turgsien cardide, melais, high density Sonel i (48;
c2-amucs, mirerals, sem and preciogs Siate ’ &7
siones. Mycalex | (240) J Seisct aqup-
sheon carvce Law censity caramics. glass silicon. germa- 12
Mum, mireral siones. OURLE € A Nezowadanc B O Soseen Utrasomc machnvy L
L L Taretayi e e 8 (985,87 2 372 MiRAGE
iLTinum oxiZe Giass 0w Zensty, sintersd 5r hard powcer NTTIS Tooe L56C w18 mal§ieg melprm fcDengh 12 T i) M :f‘-“C'Y ang z-
i“Ce. Regfire -

campeLnds

(Db B -t 3

HACE: GE Ltewrg, WaC g By ullrasorcy, 197

[Fla=l Tah F=toal ok H

10-47
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4 10.7  ultrasonic Machining—USM

and Rolary (Htrasonic Machining—AUM

- TABLE 10.7-3 USM Culting Speed Incex lor Metais

L (5022 j1ass. using 00 Tesn AL arasive » IC,
’ : ABRASIVE
i T ! Boron Cartice b Stlicon ! I 2tamond
i WTEC TR Cartiae , Aumina Sand l Powrder l
{ 100 220 00 | 100 20 tgrit stz b otmenggng
mesh ;  mesh | mesh | mesh | mesh | 0.012i0) | Lm0t
! 1 t 1
30C3 s | & R .- - = .
' Brass (common yedlow) 55 s . ; ) |
D Hres ’ I x |
X £ $72 {approx. AISI O1), A. 65 [ 1.4 LR | )
CSX.R. 82 |39 36 ! - |
K E 672 (approx. AISIOILR. £° ’ 2.2 21 1.43 0.r 0.1
K.E 672 tacprox, AISI O1) R, 58 iy I
| Slinlexy steols , i
g 18% Cr. 8% N, 0.1% C 2.1 13 i | ! '
- 5% SN W 0ASNV.0.2%C ’ 1.2 11 i ‘ |
i Carson-<cnrome ceanng steel {beat-ireates) l 1.4
|| Sirtered tungsien cartnce. R. 76 4 35 | 2.5 02 02 1 a3
: Tungsien ' 4.8 ' 4] l
Stelite f a0 L ! ‘
t | Germanium sirgle crvsial [ @y i (28 i i
|| Tranwm L0 i ! ! ; !
Beryiium oM i | l
!

SCLRIEIE A Necprrrs ana R D, Fosvew 3. 170
NOTE, Same tood used 23 w1 tadw 10.7-7. Numben M farsAihe S23 78 aatimaies NBrCIEIed Fom MeASLIRmAants LNCH sCmewhal A flerent 2onsior

TASLE 10.7-3 USM Cuttlng Speed Incex lor Ceramic Work Materiais

TEaCa glass using 100 mesh 2,7 strzsve « 130

' : ASRASIVE i

WIRK MATERIAL Boran Tart.de ; SiTeon Cars. Ze A= l

' i 160 mesh o mesh | 100mesn | 4c0mesn | 6COmesh | 225 meaw |
| Cremical porcelain 70 ) 14 5315 11 2 l S
- Temgeracex® 80 ‘ 10 ' .5 - Fa
J Faradex® 55 | 7 41 5 | - K
- Vu'canex* 180 3 51 168 & i 2 82
2.7 porceiain 50 H 32.8 75 26 2 1%
i | HT.porcetain 45 24 a1 22 - L
| Frequentita* 473 275 45 26 - 22
Sxca glass 109 t 45 1] 37 5 e

: i ! B

SCULRIE E. A Necowasand A, 3. Fesuatl p 37
WCTE. Tool used was g sieel, crcuaar, 1od-rzn (6 S ) diamater,
"Trece names of propretary matsnals.
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Ultrasonic Machining—UsSM 10

Ind Rotary Utlrasonic sAachining—A1 4

TAZLZE 27410 Gt Sizes Usac in s

: PARTICLE 3IZE !
[ GRIT 312E -
n T J
| | e |
et ! Jidts 147
[ Tl ’ 00048 i 122
‘J [al "f\-_j 3f
i) | 2.5526 ' s
220 | ocoza | 53
i 3 4
2z ! 240428 T3yt
Fhete) 0.00C50 3
. —
| g
{ . . ot 13
Iuw . 3.000E7 ; 14
| 8OO : PR i 1t
- I
' 222 R olelales ] 10
Sl MU 2
L 120 | 00022 H &
3
MNCTE in ERLTAUNG CIDF LTE wilh regsane in iTierances regy t ’

9.7-3  Surfaca roughness versus grit size

Carlide abrasive. Work material kKey: x ‘=
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10.7 Ultrasonic Machining—USM :
and Retary Uitrasomc Machining —RUM
TABLE '0.7-13 Matenal Removsl Rates lor Yatious TABLE 10.7-14 US!A Mater:ai Removal Rate Incex
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0229 6.3s et 835 - 5
¢ 3rs §53 ;€I 6.35 3
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10.7 Ultrasonic Machining—USM
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¢ 10.7 Ultrasonic Machining—USM

! and Acrary Ultrasomic Macuning—-AUM

i TABLE 10.7-20 Ge=er3l Recommendatlons of Conservatlve Starting Conditions lor USM

H
o | WORK MATERIAL
i " .
- |
' IAEAMETER ! Glasa ] Caramics Hard Metals | Composites (6.9 | Tungsien '

. T {40-50 R) glass epory} Carvide | Storm
| f_-- .-.-.-[,—. imina' T g srma =l aen ! . |
! Py ~ [ . 4 (LR

i
e muld slaniess stainjess makd tool
.| Toot matena | stewt steel | steet D s loorsteet | micsteel | steel | steel
|
NN | l 1 | | ll
Type | s.c ’ B.C ’ 8.C | 8.c $ic 8.c 1 BC AL,
Size 320 . 20 130 240 aze ;280 180
Percent concentrason | 20 &0 20 40 50 A0 Coir 20
T Carner fue PO | digntot | MO H:C H;0 H;0 f M0 MO
Power [ I
Frequency, krz 20 20 20 20 20 20 bel 10,
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TABLE 13.1-10 Surlyce Roughnress Achicved by Chemical Milling

Chemical Machining—-CHM

——————— - s

[ SURFACE ROUGHNESS
AFTER 2.2510 0.40 mm
MATEZRUAL FORM (8.0¥0 10 0.015 in) REMQVED
[ T3, i an R,
i Aluminum afteys Sreet 20 x]3 8310 150
Casting 19 >3 150 :0 200
Forging 1 Tl wids 100w 250 T
Magnesum 280y Casurg 0782 B s
Fergirq
Steet Aloys Sreet 075015 0w 80
Forging
Nickel afloys Sheel 0752010 " 2w 4
Titanum allovs Shest 02 d3 do 32
. Casnng Q:i3m13 o 60
Forging Axdwtd 150 40 -
Tungsien Bar 0S5 !0 20lo 40
Berylfium Zar I8 tase 150 10 250
Tantalum Sheel 05005 0t 20
Cotumbium Bar 1o wtrh 400 60
Nicoium {Columbmum) Sreat td o8 43 €0
Molyt<enum I Sreet 15 m3) 6010130

SCURCE ¢4 7 =xry 5114

»

TAZLE13.1-11 Summaryel Hesilh Rsx Ansing lrom e Commoniy Used Elchan!s

[

t
|

ETCHANT RISK(5)

FUME RISK!S)

MATERIAL BEING
ETCHED ETCHANT(S)
Aluminum Secium
alloys hycroxice
Magresium Sulphurg
allcys a3
:

Steel/nickel v Fygrechlene,
alleys mir-c,

suwiphurng and
phesshong scids

Titlanum Hyarotluoric
ailoys 2C1¢ wilh
rane or
¢hromic acid
Coprer Ferrnic
ailcys chiceice

Splastes snlo
SN, MGy, OofF
eyes

Srtashes on to skin,
mouth, creves
Aloiiens Tay
CIvse SCENMG

Highly corroeve
sgiashes on io
skin, mouth, of
eyes

Highly corrosive
splashes onlo shon,
SN, Of By s,
Hycratluernc acid s
parhicularly dangetous

Corrasive solashes
cn o swin, South,
ar eyes

Fure rorzangeraus
but hycregen 535 13
eszlosive

Cerrosive acwlic fure.
Hycrozon gas s
£AzCEve

Corrgsve ard
sutfecshing lume s
also loxig

Corrosive 3nd
sulfocaling furre 15
alsatonce

Corresive and
sullogilag turme

SOURCE, W. T. arns, p. 107.
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13.1 Chemical Nischining—CHM
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13.1 Chemical Machining—CHM
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