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H GHLI GHT REFERENCE DESCRI PTI ON OF CHANGE
gr 70- 00- 03- 015-4 Techni cal Change: Changed figures for the Turning Test Data.
gr 70- 00- 03- 015- 19 Techni cal Change: Changed figures for the Tap Test Data
gr 70- 00- 03- 015-8 Techni cal Change: Changed figures for the Surface Ginding Test Data
gr 70- 00- 03- 015-5 Techni cal Change: Changed figures for the End MIling Test Data

gr 70- 00- 03- 015- 15 Techni cal Change: Changed figures for the Drilling Test Data
gr 70- 00- 03- 015-12 Techni cal Change: Changed figures for the Broaching Test Data
gr 70- 00- 03- 015-1 Techni cal Change: Changed figure for the Machinability of Materials.

TASK 70- 00- 03- 800- 004
1. Machinability.

WARNI NG METAL PARTI CLES FROM MACHI NI NG CAN CAUSE DAMAGE, | NJURY, OR | RRI TATION TO YQU. USE PERSONAL
PROTECTI ON EQUI PMENT.

A.  Machinability is a relative termused to describe the anount of effort required to cut or
renove material. Two nmgjor factors which affect the nmachinability of any material are its
hardness and strength. Qther factors are heat dissipation, work hardeni ng, abrasiveness, and
tool wear. Machinability directly affects the cost of production of nachined parts.

B. The degree of machinability of materials can only be accurately determ ned by testing. Using
the sane cutting conditions (depth of cut, feed, lubrication, etc.) and cutting tools with the
same characteristics, cutting speeds are experinentally determnined using a | athe.

C. The principal netals currently used in the manufacture of jet engines are nickel, cobalt,
titanium iron, and al um num base alloys. Presently vacuum cast nickel base alloys are the nost
difficult to nmachine surpassing even wought and cast cobalt base alloys. Machining technol ogy
has not been able to keep up with the decreasing nachinability of new materials. As a result,
studi es are under way to find new cutting tool nmaterials and nmet hods. Nonconventi onal nachi ni ng
nmet hods are al so being expl ored.

D. Based on studies of industry practices and nachinability, machining reconmendati ons were
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correlated to provide the nom nal

initial approach for each machi ning operation and nmaterial.

Maki ng any nmachi ning operation as effective and functional as possible requires nore than

average data reconmendati ons on speeds and feeds.
nust depend upon the total
part configuration,
mat eri al and desi gn,

the part tol erances,
and the rigidity of setup.

Vari ations from average nachi ni ng data val ues
rel ati onshi p anong the nmachi ne tool equipnent,
the surface integrity requirenents,

the fixturing, the
the cutting tool

CAUTI ON: MACHI NI NG AND CUTTI NG FLU DS MJUST BE CLEANED FROM ENG NE PARTS BEFORE HI GH TEMPERATURE
EXPOSURE OVER 350°F (177°C) SUCH AS FROM VEELDI NG, BRAZI NG, HEAT TREATMENT OR BEFORE RETURN
TO SERVI CE. CHLORI NE AND SULFUR I N MACHI NI NG AND CUTTI NG FLUI DS LEFT ON PARTS COULD HAVE AN
UNWANTED EFFECT ON THE PARTS DURI NG H GH TEMPERATURE EXPOSURE.

E. The machinability index (see Figure 1) shows the degree of nmamchinability of each nmaterial

as a

ratio of the cutting speed used for the material conpared to the speed used for the reference

mat eri al

life.
* * * FOR ALL

[AlSI

B1112 (I ndex 100)],

expressed in percentage,

ALLOY AMS HARDNESS | MACHINABILITY
DESIGNATION DESIGMATION INDEX
AISIB1112 5010 HE 200 100
VASCOJET 50 . HE 197 50
VASCOJET 80 HE 341 40
AlSI 8315 8285 HE 241 50
GH4 - HE 285 40
AlSI 9310 6285 HAG 32 50
MARAGING 200 - HRC 32 40
MARAG NG 250 HREC 54 15
INGOLOY 903 . HRC 42 12
17-4 Ph 5342 HRC 38 40
174 Fh 5643 HRC 40 20
A286 5525 HE 200 25
A286 5736 HE 340 20
NITRONIC 32 . HB 207 30
AlSI 347 5846 HE 220 40
AlSI 321 5645 HB 217 45
JETHETE M152 5718 HE 210 40

HE 285 30
GREEK ASCOLOY | 5616 HAG 48 35
INCONEL 625 5599:5666 HRG 20 T
RENE 65 - - 9 [ESTIMATED)
RENE 85 - 7
REME 95 HE 415 7
REME 104 .- & [ESTIMATED}
RENE 129 s - 5 [ESTIMATED)
INCONEL 718 5862 HE 277 4
INCOMEL 718 BEg2 HE 40 10
INCONEL 718C 5383 HAG 44 B
REMNE 41 5712 HAG 36 a
WASPALOY 5706 HE 245 13
HASTELLOY X 5536 HE 255 18
NIMONIC G262 5872 HE 224 20

to obtain the sane cutting tool

101693602
Figure 1 (Sheet 1) Machinability of Mterials
* * % FOR ALL
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ALLOY

DESIGNATION

AMS

REME 77

I 100 MOD,

REME 125
ASTROLOY
XA0 HS30
L605 (H525]
A0

Ti -4

Ti 6-2-4-2
Ti 17

Al 261B-Ta
ale1-Té
7075-Té
ATS 4340
M50

Als| 410
AlS1 410
AlS] 4130
A 357

Ti 8-1-1

INCONEL 600
INCONEL 706

H5 188

DESIGNATION

5397

5382

4902
4928
4976

4132
4427
4139
6414
6490
5340)
5613
6370

4915
5541
5605
5608

HARDNRESS

HRC 36
HRC 35
HEC 37
HELC 36
HE 330
HE 330
HE lo6
HE 352
HEC 36
HRC 37
HE 150
HB 150
HE 150
HRC 45
HREC 55
HRC 35
HREC 35
HEC 35

HRC 35
HEB 75
HRC 30
HRC 32

Figure 1 (Sheet 2) Machinability of Materials
2. Machi ni ng Characteristics of Different Materials.

Subt ask 70-00- 03- 800- 041

A

B

Cast materials are nore difficult to nmachine than those which are w ought.

MACHINABILITY
INDEX

275

25
10
40
40

200
12

15
10

Consequent | y,

10E92F-Cn-4

t he

degree of machinability may vary for the sane material depending on the way it is forned.

Stainless steels are the primary steels used in jet engines.
bet ween austenitic and nmartensitic stainless steels to deternine the proper machining

condi ti ons.

It is inmportant to distinguish

(1) Stainless austenitic steels have a tendency to work-harden causing the formation of hard
layers in front of the cutting tool
in concentrated high tenperatures at the tip of the cutting tool which is detrinmental to

t oo

life.

These steels have poor thermal conductivity resulting

Stainl ess austenitic steels also are known for their high coefficient of

friction which results in a strong tendency to stick and seize causing a nore rapid
destruction of cutting tools.

(2)

(chromni um car bi de) .

Stainless martensitic steels have a structure which is characterized by abrasive carbides
The carbides are responsible for greater wear of the cutting tools.
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C. N ckel-base alloys are characterized by a high elastic limt, a resistance to shear, and a
tendency to work harden and seize under certain conditions. The conditions for nachining

ni ckel -base alloys are the sane as those used for nachining stainless austenitic steels.

(1) Powerful machines and solid cutting tools, capable of supporting the forces and dissipating
heat rapidly, are required to machi ne ni ckel - base all oys.

(2) Machining of nickel-base alloys devel ops high pressures between the work and the cutting
tool that create a |l ayer of defornmed metal on the surface of the work. The deformation
| eads to a hardening that nmakes further machining nore difficult. Wen this occurs, a
stress-relieve heat treatnment nmay be recommended foll ow ng the nachi ni ng operati on.

(3) Well sharpened tools which produce a positive cut rather than push metal, conbined with
sufficiently high feeds and cut depths are required to reduce work hardening of the netal.

D. Cobalt-base alloys are simlar to nickel-base alloys in nmachining characteristics. They have
properties of high elasticity and a tendency to work-harden and sti ck.

(1) Cobalt-base alloys require the use of high power equipnment which is free of vibrations.

(2) Cutting tools nust be solid and rigidly held reducing deflection of the tool through
reduction of the cantilever and the use of strong tool holding systens.

E. Titaniumbase alloys are nore difficult to work than steels. However, these alloys can be

machi ned with no difficulty in shops equi pped to nachi ne stainless steels.

(1) Titaniumbase alloys require the use of abundant cooling fluid and a linmtation of nmachine
speed to reduce high tool tenperatures caused by poor thernal conductivity.

(2) The | ow nodulus of elasticity of titaniumbase alloys (close to one-half that of steels)
gives rise to vibrations and chattering if the work is insufficiently held, if the cutting
tools are not rigidly held, and/or if the machi nes are not powerful enough

(3) During heat treatnents in air, a superficial |ayer of very hard oxides or nitrides can form
on sone alloys. The renoval of this very hard |layer by machining, is a delicate operation
It is preferable to sand blast or chemcally strip prior to nachining.

F. Alum num base alloys are generally easily machined with cutting tools. Machining
characteristics particular to alum numare as foll ows:

(1) Al um num base alloys have a | ow nodulus of elasticity (close to one-third that of steel).
Care must be taken in securing the work to prevent deflection. If necessary, supporting
devi ces (steady rests) and reduced cutting forces can be enployed, in accordance with the

geonetry.
(2) Sonme alumi num all oys have a noticeabl e abrasive effect on the cutting tool; this is a
function of the hardness of the part, its structure, and nost of all, its silicon content.

3. Turning.
Subt ask 70- 00- 03- 800- 042
WARNI NG METAL PARTI CLES FROM TURNI NG CAN CAUSE DAMAGE, | NJURY, OR | RRI TATION TO YOU. USE PERSONAL
PROTECTI ON EQUI PMVENT.
A, General
Turning is the machining operation whereby an external cylindrical or conical surface is
generated through the direct action of a rotating workpiece and the |longitudinal travel of a
single point cutting tool. Wen this sane action is applied to generate an internal surface,
the operation is called boring. Facing is a special type of turning where the cutting too
noves perpendicular to the axis of rotation of the workpiece, generating a flat surface.
B. Equi pnent.
Equi prent for turning nmust have the capability to hold and rotate the workpi ece while hol ding
the tool stationary except for linear novenent. Most turning is done on | athes. There are
several types of |athes but the nbst common is the engine | athe, a heavy duty nachine tool that
utilizes typical |athe conponents: |athe bed, headstock assenbly, tailstock assenbly, carriage
assenbly (includes tool holding block or post), speed and feed change gearboxes, |ead screw,
feed rod, and cooling system
C. Materials.
(1) Cutting tools. See Figure 2.

(a) Two types of materials are used for cutting tools: high speed steels, designated by
Al SI specifications; and netal carbides designated by | SP specifications.

(b) The use of high speed steels is |limted by its hot hardness. The cobalt grade of HSS
can be used for turning of work nmaterials which have a hardness bel ow HRC52. Meta
carbides are used as the tool for turning nost materials, but are required with
mat eri al s having hardness of HRC52 or harder. Care nust be exercised in the use of
car bi des since they have poor inpact resistance.

(c) The ability to maintain sharp cutting edges on tools reduces work-hardeni ng, excessive
cutting forces and potential distortion of the workpiece. A cutting tool is subject to
wear on the side clearance face and side rake face. For given nmachining conditions,
wear increases with tinme and reaches a | evel which requires replacenent or grinding of
the tool. The | evel of acceptable evenly distributed wear is 0.015 inch (0.4 m and of
| ocalized wear is 0.020 inch (0.5 M) naxi num See Figure 3.

(d) The tool materials and procedures for turning plasna spray coatings are basically the
sane as for turning solid materials, however, nore critical limts are placed on the
range of cutting speeds, depths cut, feed rates and the geonetry of the cutting tool

(2) Cutting fluids.

(a) Cutting fluids are used for cooling and lubricating the cutting tool and workpi ece.
There are 4 classes of cutting fluids: straight cutting oils, water soluble oils,
sem -synthetic fluids, and synthetic fl uids.

(b) The addition of a 10 percent chlorine containing extrene pressure additive produces
cutting fluids of a higher lubricating val ue.
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NOTE: St udi es have shown no evidence of adverse effects fromthe use of the chlorine
containing additive, even on titani um
(c) Cutting fluids, especially those used with the machi ning of al um num and copper all oys
must be inactive, i.e., nmust not cause any chenical reaction with the workpiece.
D. Procedure.
Cutting tool life expectancy for paraneters reconmended in Figure 4 is 60-90 minutes for high
speed steel tools and 30-45 minutes for carbide tools, rated in continuous cut with soluble oi
cutting fluid. Tool life will change if the machining parameters or cutting fluid is changed.
Tool life is nmost critically effected by the surface rotational speed of the workpiece.
Materials which are difficult to nachine have nore critical ranges of cutting speeds.
E. Quality Assurance
Check machi ned parts to be sure that edges are free of burrs and rolled netal.
* * * FOR ALL

TOP VIEW VIEW A -
17 FRONT VIEW

SEE J—
VIEW A \

\ 1

(v - 4
SEE VIEW B
LEGEND: VIEW B
1. SIDE RAKE ANGLE ?clgﬁrmgincm 3
2. SIDE RELIEF ANGLE ]
3. BACK RAKE ANGLE SR
4, SIDECUTTING EDGE ANGLE \
5. END RELIEF ANGLE
6. NOSE RADIUS
7. END CUTTING EDGE ANGLE \/
“~15

1G53E--G

Figure 2 Tool Nonencl ature
* % * FOR ALL

CUTTING EDGE
RAKE FACE

e i WEAR LAND

CRATER

£
----- HA

SHARP

oL

END RELIEF ANGLE

.

CLEARANCE FACE WEAR

CLEARANCE FACE

FACE WEAR
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Figure 3 Tool Wear
* * * FOR ALL

STEELS
MATER AL TS CSUTTING COMNDITIONS _
GRADE HARDKNESS| SRADE (2] SIDE BAKE SIDE RELIEF SIDE RaKE| DEFTHIN, FEED IPA | SPEED SFM
AMGLE 1 AMGLE 2 AMGLE 3 iyl mMMPR] (BTN
VASGOJET HE 341 [T15-T5 HES ' L4 E ﬁ.ﬁﬁ-ﬁ-lﬁﬁﬁ ﬁ.ﬁ-ﬁ.ﬁﬁﬁ L”E'L
HRA 58 . 2-1) 010,20 (2219
= FT0 CARBDE 3 ; 00080035 T D00 oA S et
0,213 (0.1=0.2% {160-150) |
Al 931 HE 241 T15-TH HES 0 5 ] 0.008-0.03% 00040008 130-115
HRGC 22 (0.2 {0.1-0.2) {40-35)
P10 CARBIDE 5 5 5 0.008-0.028 0.004-0008| &20-E50
(0.2-1) 0.1-0.2y | (180-170)
GH4 HE 285 T15-TE HES 10 5 B 0,008-0.022 Q.004-0008 T2-63
HAC 28 (0.2-1} (0.1-0.2) (22-19)
P10 CAREBIDE 5 5 -5 0,008-0.039 0.004-0.008| 525-495
(0.2-1} (0.1-0.2) {(160-150)
MARAGING HE 310 TI15-W4E2 HS5 10 5 E 0.008-0.03% 0.004-0.008 [=TH]
200 HRC 32 (0.2-1} (0.1-0.2) (27}
K 10=p410 5 5 - 0,004 -0.038 §_004-0.008 475
CAREIDE (0 1-13 {0.1-0.2) (145}
MARAGING HRC 54 Ti15-M42 HSE 10 5 (1] 0,004-0.035 J_004-0.008 B0
250 (0.2-1) (0.1-0.2) {18}
F10-R10 -5 a -5 00080035 4. 004-0.008 160
CAREBIDE (0.2-1) (0.1-0.2) {48}
(2] CAREBIDE - IS0 DESIGNATION
HSS - 415 DESIGHATION
1016940-02

Figure 4 (Sheet 1) Turning Test Data
* * * FOR ALL
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STEELS
MATERIAL TOOL CUTTING COMNDITIONS _
GRADE HAROKNESE| GRAADE (2) SIDE RAKE SIDE AELIEF BACK RAKE DEFTHIN, FEED IPR |SPEED SFM
. ANGLET  ANGLEZ  ANGLES3 {rm) {MMPR] (B IIN)
INCOLOY  |HRC 42
Fi0 CARBIDE £ 3 E 0.050 0.070 50
{1.E} {0.25) (27}
17-4PH HRC 28 Ti5 HSS il E ¥ 0.004-0.035 0.004-0.008 ]
0113 0.1-1) (21)
P10 CARBIDE 5 5 5 0.004-0.03% 0.004-0.008 325
{0.1-1} (0.1-002) (100}
A2BG HB 340 Ti5 HSS 10 E o 0.004-0.032 0.004-0.012 36
HRC 36 {0.1-1} (0.1-0.3) (11}
K10 CARBIDE 5 3 -5 0.008-0.03% 0,004-0,012 170
{0.2-1} (0.1-0.3) {52}
AlS| 347 HE 220 T15-TH HES 0 g () 0.004-0.035 0.004-0.012 B2-76
HRA &0 {0.1-1} {0.1-0.3) {25-23)
R10-F10 L ] ¥ 0.008-0.035 0.004-0.012] 430-400
CAREIDE {0.2-1) {0.1-0.3} (130-400}) |
AlSl 341 HE 217 T15-T5 HES 10 g o 0.004-0.035 0.004-0.012] 115-105
HAA 50 0. 1-13 {0.1-0.3) {35-32)
E0-F10 5 5 ] 0.008-003% §.004-0.012] 455-430
CARBIDE (0.2-1) (01-0.3) | (150-130} |
{2) CARBIDE - 120 DESIGHNATION
HSS - AlS| DESIGMATION
1016947 02
Figure 4 (Sheet 2) Turning Test Data
* * * FOR ALL
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STEELS
-~ MATERIAL T CUTTIMG CONDITIONS
GRADE HARDNESS|GRADE {2} SI0E RAKE SIDE RELIEF BACK, RAKE| DEPTHIN. FEED IPR |SPEED SFM
AMWGLE1  AMGLEZ2  AMGLE 3 imm} MEAPE; WMAIN)
JETHETE |HB 388 T8 Hos 10 5 o | 0.004-0 0040 _(TJ_
M152 HRC 41 i0,1-1] {0.1-0.2) {14}
P10 CARBICE -5 5 -5 0.004-0.039 0.004-0_008 330
_ i0,1-1j (0.1.0.2) {68)
AlS| 4310  |HRC 40 10 5 0 0.025-0.150 0.004-0.008 | 250-150
| -5 5 -5 (0.B-3.8)  (0.1.0.2) (75) {45)
Al 410  |HRG 35 10 5 ] 0.025-0.150 0.004-0.00E 70
| -5 5 .5 06-38) (01-0.2) {21)
GREEK HRC 48 P30 CARBICE 10 5 a 0025  0.004-0008 220
ASCOLOY T15 HES -5 5 -5 {0.5) {0.1-0.2) {65)
{2) CARBIDE - IS0 DESIGNATION
HSS - AlSI DESIGMATION
1016942-02

Figure 4 (Sheet 3) Turning Test Data
* * * FOR ALL
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Figure 4 (Sheet 4) Turning Test Data
* * * FOR ALL

COBALT BASE ALLOYS
MATERIAL TOOL TURNING COMNDITIONS
GRADE HARDHNESES| GRADE (2] SIDE BAKE EIDE BRELIEF BAZK RAKE DEFTHIN, FEED IPH |SFEED SFM
AMGLE 1 AMGLE 2 AMGLE 3 {mmj (rArMPR) (B PAIM
x40 (1) HE 330 O-a0.2 1] ] E 0.025-0100 J.005-0.010 EE
HRC42 CAREBIDE 6-25 (0.1-0.2) (17}
o Ti5- 32 10 L4 ] 05501 _GOE-0.010 15
HES {06-2.5) (0.1-0.2) i5]
ALURMINUK BASE ALLOYS
AART.TS HB150 M2 HSS 15 10 20 0.025-0150 Q0070045  &00-B00
i1) HRAED (06-3.8) (0.2-0.4) | (180-245)
K10 CARBIDE L 5 (] 0.023-0.150 Q.010=0.020 1400
(06-38)  [0.25-0.5) {430)
2618-Th HB150 M2 HSS 15 10 20 0.023-0 150 Q.007-0016| GO0-B00
HEAED (06-3.8)  (0.2-0.4) | (180-245)
K10 CAREBIDE B 5 o 0,025-0.150 Q,010-0.020 1400
(06-3.8)  (0.250.5) (430}
B061-T&E  |HB150 M2 HSS 15 10 20 0.025-0150 0.007-0.015| 6G00-B0O
HRAS0 (06-3.8)  (0.2-04) | (180-245)
K10 CARBIDE 5 5 (0] 0,025.0180 §.010-0.020 1400
(06-38) (0.25-05) {430}
T075-TG HE150 M2 HSE 15 10 20 0,025-0150 Q.007-0.015| &O00-B00
HRAS50 (06-3.8) {0.2-0.4) | (180-245)
EI10 CARBIDE 5 a i 00250150 0.070-0.020 1400
(06-3.8) (0.2B-0.5) {430}
(1) CAST ALLOY
(2) CARBIDE - 150 DESIGNATION
HISS - AlS| DESIGHATION
101694302
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NICKEL BASE ALLOYS (CONT) )

MATERIAL T CUTTIMG CONDITIONS
GRADE HARDNESS| GRADE (2) SIDE RAKE SIDE RELIEF BACK RAKE| DEPTH IN. FEED IPR |SPEED SFM
. ANGLEY AMGLE2  ANGLES fmmj  {MMPR) {MRAING
ASTROLOY HRC 40 K20 CARBIDE 0 3 3 0.008-0.039 0010 50
L [0.2.1) 0.2E) {15}
YWASPALOY HRC 36 k10 CARBIDE 0 5 3 0.050 . o]
{1.5) {0.2E) {22}
INCONEL |HRC 20 K10 CARBIDE -5 5 -5 0.050 0.010 30
G225 i1 .5} _ (0.25) (21}
AENESBS |- K10-K20 -5 5 Q 0.002-0.050 0.004-0.008 | 100-50
MICROGRAIN (00813} (0.1-0.25) {30-15)
CARBIDE
AENE&8 |- K10-K20 . 5 ] 0.002-0.050 0.004-0.008 B0-50
MICROGRAIN (0.05-1.3y  (0.1-0.25) {25-15)
CARBIDE
AENE 104 |- K10-K20 o 5 4] 0.002-0.050 0.004-0.008 B0-50
MICROGRAIN (0.05-1.3; (01-0.25) (25-15)
CAFABIDE
RENE 120 |- K10-K20 -5 3 0 0.002-0.050 0.004-0.008 BO-50
MICROGRAIN (00813  (0.1-0.25) {25-18)
CAREIDE
(1} CAST ALLOY
(2) CAREBIDE - IS0 DESIGNATION
HSS - AIS| DESKENATION
1016944.02

Figure 4 (Sheet 5) Turning Test Data
* * * FOR ALL
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NIGKEL BASE ALLOY S

MATER 1AL TOOL CUTTING CONDITIONS
GRADE HARDNESS| GRADE (2 SIDE RAKE SIDE RELIEF BACK RAKE| DEPTHIN. FEED IFR | SPEED SFM
AMGLEY AMNGLE2 ANGLEA ;g (MMPR) (MMM}
REME25 |HRC 48 KA0-K20 -5 5 0 0050100 0.005-0.008 45
MICROGRAIN (12-2.5)  (0.12-0.2) (14}
~ CAREIDE
INCOMEL |HE 400 T15 HSS ] 2 5] 0.002-0.050 0.004-0.008 DD-E-E o040 1613
718 HAC 43 D52 0.1-0.2 {5-4]
- K10 CAREIDE g 5 o0 S T AP —
{0.05-2} (0.1-0.2) (38-25)
INCOMEL  |HRGC 44 T15-M42 HSE 0 5 0 0.008-0.03% 0.004-0006|  13-10
718 (1) {0.2-1}  (0.1-0.18) {4-3)
K10 CARBIDE o 5 E 0.008-0.03%9 0.006-0.008| 56-40
{0.2-1} (0.16-0.2) {17-12}
RENE 41 HAC 36 K20 CARBIDE 0 5 E 0.0ED 0.010 BE
(1.5} {0.25) (20}
HASTELLOY|HRC 30 P30 CARBIDE 0 5 E 0.0E0 0.010 165
¥ {1.5} {0.25) {50}
MIMCMIZ HE 284 Ti5 HES 10 12 E 0,008-0.035 0.005-0.008 168-13
C263 HRC 28 (0.2-1) [0.12-0.2) {5-4}
K10 CARBIDE 5 5 £ 0.008-0.035 0.006-0.008| B2-66
(0.2-13 [0.16-0.2) {25.-20)
RENE77 |HRC 28 0 5 E 0.030 0.010 30
0.7} {0.25) (g
INCOMEL W HAC 23 K10 CAABIDE £ 5 = 0080 0.010 180
i1.5) (0.25) {EE)

1016945-02
Figure 4 (Sheet 6) Turning Test Data
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TITANILUM BASE ALLOYS
~ MATERIAL TOOL CUTTING CONDITICNS _
GRADE HAROWFSS GRADE (13 SIDE BAKESIDE AFLIEF SACK RAKFE CEFTH IM. | FEFD IPR | SPEED SFM
AMNGLE 1 ARCLE P ANGLE 3 [hana (AMPRE] FhulshA I
Tii7 HRGC 37 K10 CARBIDE 5 5 5 0,008 165
(0.2) {50}
TiG4 HE 352 TIG-R4ZF55 ] 5 1] C.C05-0.038 [0.004-0. -2
HRC 38 (0.2-1) (0.1-0.2) {11-8)
K10 CARBIDF a 5 5 0.008-0.039 [0.004-0.008] 230-210
(0.2-1} (0.1-0.2) (70-65)
Tig-2-4-2 |HREC3: K12 CARBIDE 5 g [ R .01 | 170
{1.5) (0.25) | {51}

1) CARBIDE - 50 DESIGNATICN
HSS - AIS| DESIGNATION 101604602

Figure 4 (Sheet 7) Turning Test Data
4. Mlling.
Subt ask 70- 00- 03-800- 043
WARNI NG METAL PARTI CLES FROM M LLI NG CAN CAUSE DAMAGE, | NJURY, OR I RRI TATION TO YOU. USE PERSONAL
PROTECTI ON EQUI PMENT.
A.  Ceneral
M1ling is the nachining operation whereby a surface is generated by increnental renoval of
netal from the work-piece by the rotation of a single tooth (fly) or multi-tooth (mlling)
cutter. Generally the workpiece is fed to the milling cutter but in special cases the cutter is
noved past a stationary workpiece.
B. Types.
There are 2 basic types of nilling: peripheral and face. The types of milling are described as
foll ows:
(1) Peripheral mlling generates a surface parallel to the cutter axis, by teeth on the
peri phery of the cutter. A further distinction in peripheral nilling is that it can be
either up mlling (conventional) or down nmilling (clinb). Up and down milling are defined
as foll ows:
(a) Up mlling.

GE PROPRI ETARY | NFORMATION - Not to be used, disclosed to others or
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(2)

The cutter rotates against the direction of feed of the workpiece. This type of mlling
has a minimal initial chip which increases as the tooth progresses into the cut.
(b) Down mlling.
The cutter rotates in the sanme direction as the feed of the workpiece. Down nilling has
a maxi muminitial chip which decreases to al nost zero thickness at the end. Down
mlling is generally preferred over up mlling with proper setup except where depth of
cut varies excessively or where very rough surfaces are encountered (castings or
f or gi ngs) .
Face mlling generates a surface perpendicular to the nmlling cutter axis and is the result
of the cutting action of teeth that occupy both the face and periphery of the cutter.

C.  Equi pnent.

(1)

(2)

(3)

MI11ing machines are generally built for versatility (general purpose) or for productivity
(manufacturing) or for special applications. Knee and columm type nills fall into the
general purpose classification. Bed and planer type mlls fall into the manufacturing

classification. Special milling machi nes are usually custom designed for specific
applications.

Bed type milling machines are rugged and have the capability of making heavy cuts. This
type of mll has the table mounted directly on the bed and the table has only | ongitudina
noverent, however, bed type nills may be nade nore flexible by adding a transverse notion
to the table. For given setup, the spindle head is normally clanped in position, however,
on ot her types of operations, vertical nmovement of the spindle occurs. The spindles can be
both horizontal and vertical and a mlling machi ne may have one, 2, 3, or even 4 spindles
to permit mlling of nultiple surfaces in a single pass.

The nost difficult type of nmilling is end mlling. The end milling condition involves both
up mlling and down nilling on the periphery of the cutter while simultaneously making a
face cut. Because end nmilling combines the challenges of both face mlling and periphery
mlling, end mlling data is shown in Figure 5.

D. Mat eri al s.

(1)

(2)

Cutting tools.

(a) It should be noted that while high speed steel (HSS) tooling is indicated in Figure 5,
carbi de tooling should be considered. If carbide tooling is to be used, attention
shoul d be given to the setup geonetry of the tool because carbide is nore affected by
the angle of entry than HSS.

(b) The types of tool wear prevailing in mlling are simlar to those encountered in
turning. In mlling, however, tool wear resulting fromflaking and cracking is nore
frequent due to the nmechanical and thernmal shocks exerted on the cutting edges and
di sconti nuous cutting of the workpiece. The criterion ruling over tool wear is the
relief angle wear. The permnissible distributed amount of wear is 0.012 inch (0.3 nm
and maxi mum al | owabl e | ocali zed wear is 0.020 inch (0.5 mMm)j).

Cutting fluids.

(a) Cutting fluids are used to cool and/or lubricate the cutting tool and workpi ece. These
fluids are classified as straight cutting oils, water soluble cutting oils, and
sem -synthetic fluids. The type of work to be perforned determ nes which cutting fluid
to use.

(b) Cutting fluids, especially those used with the machi ning of copper and al um num nust
be inactive i.e., must not cause any chem cal reaction with the workpiece.

E. Pr ocedur e.

(1)

(2)

MI1Iling paraneters.

The paranmeters required to mll specific materials are listed in Figure 5. The conditions

shown are for rough mlling using end mll tooling of high speed steel with expected too

life of 60-120 m nutes using coolant. For finish mlling operations, these values should be
adj usted per the dinensional and surface requirements specific to each part. Figure 6 and

Figure 7 show the nonenclature of face and end mlling cutters.

Application of cutting fluid.

(a) MIling operations require the use of 2 nozzles directing a copious supply of fluid to
both the inconing and outgoing sides of the cutter. The fluid fromone nozzle is punped
through the cutting zone by the cutter teeth while fluid fromthe other nozzle washes
away the chips as they energe fromthe cutter. Standard round nozzles are sufficient
for narrow cutters. Wde cutters require using fan-shaped nozzles at |east
three-quarters the width of the mlling cutter to provide good coverage.

(b) For face nmilling, use of a ring-type distributor consisting of a tube with many snal
hol es can be beneficial. This directs the fluid at all cutting edges and keeps the
cutter conpletely bathed in fluid to provide even cooling. Wen a particul ar size face
mll is used often, the type distributor can be supplemented with a special fan nozzle
with a curved opening to match the cutter radius.

F. Quality Assurance
Check mlled part to be sure that machi ned edges are free of burrs and rolled netal.

* * * FOR ALL
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TOOL END MILL |FEED PER | CUT SPEED
ALLOY HEAT TREAT MATERIAL (GEOMETRY| OOTH IN. | SFM (M/MIN} CUTTING FLUID
HARDNESS A5 (mim
(NICKEL BASE)

REME 65 MICROGRAIN| 30" HELLX D.001 ab I0IL, HEAVY DUTY WATLER SOLUBLE OR

. CARBIDE {0.03) {15) | SEMI-SYNTHETIC (1)
REMNE BE MICROGRAIN| 30* HELIX 0001 ab OIL, HEAVY DUTY WATER SOLUBLE OR

CARBIDE [0.03} (15) SEMI-SYNTHETIC (1)
hald 2 30" HELIX D002 12 DIL. HEAWY DUTY WATER SOLUBLE OR

REME 95 AGED HSS (0.05) (371 SEMISSYWTHETIC (1)
HRC48 MICROGRAIN| 30° HELIX 0.001 a0 OIL, HEAWY DUTY WATER SOLUBLE OR

CARBIDE (0.03} 115) SEMI-S¥NTHETIC (1}
REME 104 MICROGRAIN| 30" HELLX n.ood 40 QIL, HEAWVY DUTY WATER SOLUBLE OR

CARBIDE (0.03} (12} SEMI-SYNTHETIC (1)
REME 129 MICROGRAIN| 30" HELIX 0.001 40 OIL, HEAVY DUTY WATER SOLUBLE OR

CARBIDE (0.03} {12} SEMI-SYNTHETIC (1)
42 0" HELIX 0.001 12 OIL, HEAVY DUTY WATER SOLUBLE OR

REME 41 AGED HSS (0.03) (3.7 SEMI-SYNTHETIC (1)
HRC3E  MICROGRAIN| 30" HELIX 0061 an OIL, HEAWVY DUTY WATER SOLUBLE OR

CARBIDE (0.03) (9) SEMI-SYNTHETIC (1)
M4z J0* HELIX 0002 20 OIL, HEAVY DUTY WATER SOLUBLE OR

INCONEL 718 AGED HSS (0.05) (6} SEMI-SYNTHETIC (1)
HRC43  MICROGRAIN| 30° HELDXX 00015 G0 QIL, HEAWY DUTY WATER SOLUBLE OR

CARBIDE [0.04} (18} SEMI-Z¥YNTHETIC {1}
M4z 30" HELIX 0.003 3o OIl, HEAVY DUTY WATFR SOl UBLF OR

INCONEL W AGED HS5 (0.07) {9 SEMI-SYNTHETIC (1)
HRCZ23 MICROGRAIN| 30 HELLX | 0001 a5 OIL, HEAVY DUTY WATER SOLUBLE OR

_ CARBIDE (0.03} (10&} | SEMI-SYNTHETIC (1)
MaZ 30° HELIX 0.00z as OIL, HEAVY DUTY WATER SOLUBLE OR

HASTELLOY X AGED H55 (0.05) {11) SEMI-SYNTHETIC (1)
HRGC41 MICROGRAIN| 30" HELEX 0.001 35 OIL, HEAYY DUTY WATLR SOLUBLLE OR

CARBIDE {0.03) {11} SEMI-SYNTHETIC (1)

(1) EXTREME PRESSURE ADDITIVES IMPROVE PERFORMANCE.

6039856300
Figure 5 (Sheet 1) End MIIling Test Data
* * * EOR ALL
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HEAT TREAT TOOL EMDMILL |FEED PER | CUT SPEED
ALLOY | HARDMESS | MATERIAL GEOMETRY|TOOTH IM. | SFM [MARIIN] CUTTING FLUID
| AlSI (i
{NICKEL BASE COMNT.;
[ EF 30" HELIX (Ko 26 OIL. HEAVY DUTY WATER SOLUELE OR
SOL HES §0.03) ig) SERMI-SYNTHETIC {1}
REME 125 HRC 41 PMICROGRAIN 30" HELIX 0001 a0 DIL. HEAVY DUTY WATER SOLUBLE OR
CARBIDE §0.03) 9] SERMI-SYNTHETIC {1}
hd42 30" HELIX 0003 20 DIL. HEAVY DUTY WATER SOLUBLE OR
AGED HES {0.07] =]} SEMI-SYNTHETIC {1}
IM 100 HRC 35 PICROGRAIN 30" HELLX 000 a5 DIL. HEAVY DUTY WATER SOLUBLE OR
CARBIDE §0.03) i11] SEMI-SYNTHETIC {1}
42 30* HELLX, 0Oa3 20 OIL. HEAVY DUTY WATER SOLUBLE OR
MIMONIC HRC 28 HES 007 =X SEMI.SYNTHETIC {1}
C263 RICEOGRAIN  30° HELIX (AR ] OIL. HEAVY DUTY WATER SOLUBLE OR
CARBIDE (0.03) i11) SEMI-SYNTHETIC (1} _
M2 J0*HELLX 0003 20 QIL. HEAYY DUTY WATER SOLUBLE OR
AGED HES {007 i) SEMI-SYNTHETIC (1) |
REMNE 77 HRC 38 RICROGRAIN 30" HELIX 0001 a0 QIL. HEAVY DUTY WATER SOLUBLE OR
CARBIDE §0.03) 9] SEMI-SYNTHETIC {1}
ASTHOLOY AGED hA42 A" HELIX 0ogz 14 QIL, HEAVY DUTY WATER SOLUBLE OR
HRAC 40 HES §0.05) i4.3) SEMI-SYNTHETIC {1}
hi42 30 HELIX Dags 1B OIL, HEAVY DUTY WATER SOLUBLE OR
AGED HES {0.07] 5.5} SEMI-SYNTHETIC (1}
WASPALLOY HAC 38 PMICROGRAIN 30° HELIX L0a ao QIL, HEAVY DUTY WATER SOLUEBLE OR
CARBIDE (0.03) i4] SEMI-SYNTHETIC {1}
(TITANIOMEBAZE)
| hi42 A0 HELIX La0s 75 OIL, HEAVY DUTY WATER SOLUELE OR
A-b HES (007 ) 23) SEMI-SYNTHETIC {1}
TITANIUR B-4 HARC 38 MICROGRAIN 30° HELRX o0z 150 OIL, HEAVY DUTY WATER SOLUBLE OR
CARBIDE {0.05) (4E) SEMI-SYNTHETIC (1} _
hi42 A0*HELRX DO03 75 QIL, HEAYY DUTY WATER SOLUBLE OR
TITAMIUM STAL H55 (007 [23) SEMI-SYNTHETIC (1)
§-2-4-2 HRC 38 MICROGRAIN 30 HELRX LOa2 130 OIL, HEAVY DUTY WATER SOLUBLE OR
CARBIDE (0.0a] (40 SEMI-SYNTHETIC (1)
hi42 30" HELRL 0004 a5 OlL, HEAWVY DUTY WATER S0OLUBLE OR
AGED H55 i0.1) (17] SEMI-SYNTHETIC (1)
Ti-17 HRAC 37 MICROGRAIN 30° HELRX DOoa2 130 OIL, HEAVY DUTY WATER SOLUBLE OR
CARBIDE 19.035] (40 SEMI-SYNTHETIC (1)

{1} EXTREME FRESSURE ADDITIVES IMFROVE PERFORMANCE.

603956400
Figure 5 (Sheet 2) End MIling Test Data
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HEAT TREAT TOOL EMD MILL |FEED PER CUT SPEED
ALLOY HARDMESS | MATERIAL |GECMETRY [TOOTH IN. |SFR (MMIN) CUTTING FLUID
AlS] frmm
{IRCH BASE)
(MET:] 30" HELIX Q.o0z a5 OIL, HEAVY DUTY WATEHR SOLUBLE OR |
AGED HES (.05 (11} SEMI-SYMNTHETIC (1)
A-286 HRC 38 WMICRCGRAIN| 30" HELTX 00T 100 L, HEAVY T
CARBIDE (0.03) (A SEMI-SYNTHETIC (1)
17-4 PH AGED a2 30° HELIX 0.002 80 CIL, HEAVY DUTY WATER SOLUEBLE OR
HRC 38 HS55 (2.05] 125) SEMI-SYMTHETIC (1)
M2 30" HELX 0.003 75 OIL, HEAWY DUTY WATER SCOLUBLE OR
AGED H55 (.07 23 SEMI-SYNTHETIC (1)
MARAGE 250 HRC 54 FMICROGRAIM| 307 HELLX 0.001 a8d O, Heawy DU Y WA TEH SOLUBLE OR
CARBIDE (0] 124 SEMIESYMIHETIC (1)
INCOLOY 203 AGED M42 0" HELIA 0002 25 2IL, H=aWY DUTY WaATER SOLUBLE OR
HRC 40 HES (0.05] (8} SEMI-SYNTHETIC (1)
A5 410 TEMFEH k2 30" HELIX 000 75 L, HEAVY DUTY W ER SwLLUBLE R |
HRC 35 HSS (.05 (230 SEMI-SYMNTHETIC (1)
A5 4310 TEMFER K2 30" HELTX 0.o0E a0 OIL, HEAVY OUTY WATEH SOLUBLE OR |
HRC 40 HS5 (0,08 (25 SEMI-SYNTHETIC (1)
AlS] 321 ANMEAL EE] 30" HELIX 0.003 &0 CIL, HEAVY DUTY WATER SOLUBLE OR |
HB 220 H55 (2.07] QEEI:- SEMI-SYNTHETIC (1)
AlS| 347 ANNEAL Ma2 307 HELTX 0.003 80 OIC, HEAVY DUTY WATER SOLUBLEOR
HE 224 H55 (0.07] 125 SEMI-SYNTHETIC (1]
GREEK TEMPER Md42 30" HELIX 0.001 a4 OIL, HEAVY DUTY WATER SCLUBLE OR
ASCOLOY HRC 48 H55 (0.03) 25 SEMI-SYNTHETIC (1)
WROUGHT | UMCOATED 0.0018 51 OIL, HEAWY DUTY WATER SOLLUBLE OR
AMISE HB 375-440 MICRCGRAIMN| 30" HELIX (0.045) [15.4) SEMI-SYNTHETIC (1)
CARBIDE
WROUGHT | UNCOATED 0.001 100 OIL, HEAVY DUTY WATER SCLUBLE OR |
hM1s2 HBE F75-325 MICROGRAIN| 30% HELIX (0.03) 130 SEMI-SYMNTHETIC (1)
CAHBIDE
(ALLIMIMLIRG
ALUBIMLIR AGED hdd2 HSS | 30° HELIX .007 G100 WATEHR SOLJELE R
g061 HRC 50 08 CAREBIDE (0.05] (185 SEMI-EYNTHETIC
(COBALT)
xan AS CAST MICEROGRAIN| 30° HELLK 0.008 20 I, HCAVY DUTY WATLCH SOLUDBLE OR
HEC 42 CAREBIDE [.05) 1G] SEMI-SYMIHE TS (1)
AR M509 ASCAST MICEOGRAIN) 20" HELIX .00 20 CIL, HEAYY DUTY WATER SCOLUBLE OR |
HE 280-425 | CARBIDE (0.03] (G} SEMI-SYWTHETIC (1)
{1) EXTREME PRESSURE ADDITIVES IMPROYE PERFORMANCE.
GO395EE-00
Figure 5 (Sheet 3) End MIIling Test Data
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CORNER RADIUS OR SECONDARY CLEARANCE
/E':’R“EE ANGLE PERIPHERAL RELIEF ﬁ
S\ HELIX ANGLE
_ MO
END RELIEE
| RADIAL RAKE (RR) r“,
S,
END CUTTING EDGE ANGLE ECEA) iP0S. )
1ERs0-0-G

Figure 6 End MI11ing Tool Nonenclature
* % * FOR ALL

VIEW A
|
AXIAL RAKE (AR}
L iPOSH
1'SEE END RELIEF
VIEW A
END CUTTING ;ﬁ-

RADIAL RAKE (RR) EDGE ANGLE

‘K INEG! ECEA}

TOOTH POINT CORNER
ANGLE (CA)

PER|PHERAL RELIEF

1NE351--G

Figure 7 Face MIIling Tool Nomencl ature
5.  Ginding.
Subt ask 70- 00- 03- 800- 044
WARNI NG DO NOT BREATHE THE PARTI CLES FROM GRI NDI NG OR LET THE PARTI CLES TOUCH YOU. THE PARTI CLES

CAN CAUSE DAMAGE, | NJURY, OR | RRITATION TO YOU. USE PERSONAL PROTECTI ON EQUI PMENT. USE
LOCAL MECHANI CAL EXHAUST VENTI LATI ON OR AN APPROVED RESPI RATOR.

A.  General.
Grinding is the machining operation whereby a fine surface finish is generated by the cutting
action of a very large nunber of small irregularly shaped abrasive particles bonded into a

cutting wheel (belt grinding is not covered here). Small rmnultipoint cutting edges cut
si mul taneously to produce very fine surfaces and cl ose di nensional control while providing the
capability to machine extrenely hard material s.
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(1) Ginding practices used for jet engine alloys is unlike the grinding practices used for
nost other metals. The requirenents and specifications controlling the perm ssible grinding
conditions are very sinmlar to those used for the preparation of |aboratory fatigue and
tensil e speci nens. Such necessary stringency results fromthe fact the conventiona
grinding practices can induce residual stresses that significantly |lower the fatigue
strength of highly stressed parts such as conpressor and turbine bl ades.

(2) It is difficult to recommend a set of conditions that will accurately neet all grinding
situations, however, the follow ng general grinding information will help establish the
background for application of the practices used in the grinding of jet engine naterials.
(a) Git sizes.

A grit as course as the finish and form hol ding requirenents of the job permt should
be used.
(b) Gade selection.
1 As the area of contact increases, the wheel hardness grade shoul d decrease.
2 Cylindrical grinding.
One grade harder wheel than that required for surface grinding should be used.

3 I nternal grinding.
One grade softer wheel than that required for surface grinding should be used.
(c) Gratio.

Gratio is the relationship of nmetal renoved to the vol une of wheel worn away. A | ow
Gratio nmeans difficult to grind material under one given set of conditions.

(d) Stress conditions.
Where the grinding Gratio is nore inportant than a | ow stress surface, the friability
of the grit may be reduced and the wheel speeds increased.

(e) Git sharpness is of great inportance to the grinding of high-tenperature nmaterials.
O her than wheel dressing, a sharp grit is obtained by one of the foll owi ng neans:

1 Afriable grit that will fracture under grinding pressure to expose sharp new

edges.

2 A wheel just soft enough to break down under grinding pressure to expose new
grains.

(f) Wheel |oading nust be avoided to prevent stress buil dup. Frequent wheel dressing is
essenti al

B. Equi pnent.
There are 2 mmjor categories of grinding machines: surface grinding nmachi nes and cylindrica
grindi ng machi nes. These machi nes nay be equi pped with either vertical or horizontal spindles.
The work table for either grinding machine may be either reciprocating or rotary.

C. Materials.
Figure 8 provides the essential facts to identify grinding wheel grade and speed, work speed,
down feed, cross feed, and grinding coolant used to achieve mninmumresidual stress in parts.
Figure 9 shows the interpretation of grinding wheel nmarkings.

D. Procedure.
(1) Ginding.

(a) The paraneters for grinding specific alloys are shown in Figure 8.

(b) Figure 10 shows the effect of |ow stress, conventional, and abusive grinding
conditions. A summary of high cycle fatigue response at roomtenperature for a nunber
of alloys is showmn in Figure 11. Al of these materials can be successfully ground and
can retain high levels of surface integrity providing the proper procedures are
enpl oyed and adequate controls are enforced.

(c) The results of a large nunber of controlled grinding tests indicate that abusive
grinding practices for nickel-base alloys result when the follow ng are used:

1 H gh grindi ng wheel speeds (over 4000 sfm).

2 Sl ow wor k speeds (under 15 sfm.

3 Hard bonded grindi ng wheels (higher than letter J).

4 Heavy down feeds [over 0.0005 inch (0.013 m) per pass].

5 | mproper grinding fluid (sulfo-chlorinated oil being desirable for nickel, cobalt,
and iron-base alloys, and water-base coolant for titaniun) or inproper
applications of the fluid during grinding.

6 | nproper or infrequent dressing of the grinding wheel

NOTE: Caution shoul d be exerci sed when grinding chrone plate since it is possible to
cause damage to the substrate. Danmage is difficult to detect through the chrone
pl at e.

(2) Cutting fluid application

(a) A copious flow of cutting fluid at |ow pressure will generally provide good results for
grindi ng operations. Were application of a large volune of fluid results in undue
splashing, it is better to install splash guards on the machine than to reduce the
cool ant fl ow

(b) The normal nethods of applying fluids to grinding operations renpve little heat unti
it has dissipated into the mass of the workpi ece. Because of the high surface speeds
i nvol ved, an entrained filmof air usually encloses the grinding-wheel surface, and
this prevents penetration of the fluid into the cutting zone. Special nozzles can be
designed which will force the fluid through the air filmand on to the wheel. These
nozzl es must be placed as close as possible to the workpiece to prevent conplete |oss
of the fluid by the centrifugal force of the wheel

E. Quality Assurance
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Check machined part to be sure that edges are free of burrs or rolled netal.

* * FOR ALL
HEAT TREAT WHEEL WHEF WORE SPEED| DUWM FEED CHRO%S FEED
ALLLYY HAHDNESS OPFCAATION | GRADE | SPEED SPM QUMM INPASS (min)|  BUPASS (inm) GRING 1IN
SEM (WM
(MICKT | BASE)
HEMNE 35 RO M NI | 3300 {11003 LR LLEE RN R ey s {1 2} L NIE A TUTY WATTR SO T
FIMISH | ASILESY (1 3500 (11007 LR R 00 WS o oS {1 2] OH HD SEMI-SYMNIHE 1IC §2)
Ak 88 HOLMEH BABJEY | F500 {1100 B {13 LR TTLUNL TR s f1LE) DIL, MR LY ¥R = SOLUSELE
FIMISH | ASES (1 3500 40100) GRS 00 B0 {1 ) O 1D ST SYNTHITIE {7}
Arsr: a5 HOGH | Adielind | 3500 401007 B (1) O (eI () 02 Qs {1 2} QL. HE&SYE LY WA RN SOLUELE
HRNISH | ASTURRY (1) 3500 {1100 ik {13) M e Dbl 1.2} OH HY SEM-SYNIHE G (2)
HENE |4 e K= AABJFY | 3500 {1100f w3 LLRT UYL R L] QA LE) QL NIE A DTy WATT R S0 T
FirNELN AEDEEN (1Y 3500 (1 100) il 140 0 RS 00 oS0 1 2} Ot 10 S SYMTIIFTIEC (2]
ArKr 17 HOLGH Pl | 3500 411007 LR 00 o oy 02 s {1 2} DIl HE&AY DU Y WalER SOLUELE
HHISH AU (1Y 3500 (1100) ik {18) M e Qi 1.2} OH HD SEMI-SYNIHE G 42)
HERE" 41 MG L]l AEDEY | S000 {1200} W 1F) LLELUNLUR L LRy ] e f 12 ) O NIE A MY WATER S0 T
HHELC 34 FikN&L AEDIEY (1) 4000 {1200) Al 150 i MefBES 01 0050 (1 2} Q1IN SCUE SYRTIICTIE (2]
e EEE LT HLILGEH BEHN N A S 23 XTI T L L2} DL HEAYT LY WAIER SOLUHLE
IR 43 FIMISIE | Adudgy (1 4000 (1A00) T O ({0 il 1.2} Gt 1f ST SYNTIFTIC (2]
B 10D AL ORI Al IR | HMEE (R MP{15) 0ol 0] | 4SS WEIINT D WIT O NIE Ay DY WATTR S0 I T
HEL 3 FiIMISH AR IS ) SO L %) o e 0y |10 WIHIET WanTI O HL SEM-SYNIHE NG {2)
HASTO IO X SMHTA HOLMEH AENEY | 4500 {1400} W 3) AR 0 DAL 2) DL HEAYY LI Y WaIlER SOLLUELE
HAEC M FIMISIL | sty (1p| 4300 (1400) Bl 18) iR R0 Qi [1.2) IR 1D S0 SYMTIETIC (2)
HERE 0 AL ORI AElLY HMMY (2R T 1) 10 (R Y S s {1 2} Ol NrAY DUTY WATTR S0 r
HHEC FIMISH | A0y (1p] 200 @ GOLRY | oS Do) a0%0 (1) O HD SEM-STHNIHE NG ()
ArKE: 125 e ) HOLMGH AR JNW @ 1) A pir ) DAk 1.2} QIL, HEAYY LU Y ¥WAIER SULLELE
HEC 3 FIMISIL | AN [1)] 30040 (00 Gl (1) o el (0 0] G {1 ) On 1IN SCLE SYNTIIETIC (3)
ArKC 77 AL HOLMGH Al | HMEP R T 1) LR IR R ey s {1 2} DL, HEAYY LU Y WalER SOLUELE
1A 36 PRI AR (1Y SO0 R Wik 1) AR 0 ik 1,2} O HL SElE-5Y NI HE D {2}
[EL1E ] Al 1 n]) e ALY SRR [ W3 LLE] LR LKLY QUL LR =y O, HE & DY S&ATER S00IELE
C2Ed HHL = CIkI ARG (1) S R i) 00 TS [ ) Qs {1 2} On In SCLE SYMTIICTIC (2]
|q111:1mu.|.| TEASE §
B-1 1 AR Al sl ] G-y | 2500 (14005 (LY P} LLE LNELR L ERLES Qe [ .2) O, WATER SO0 UBLE
| HHL & CIkIS G0 A [1]] A500 {1400 10%} 00 T [ 1) Qs {12} O SO SYNTIHICTIC
Erdz ETAET RODGH A )] &Y LRI () WO [1.2] UL, WAI EH SOLUBLE
| 10T AL Rl HAE Hi FIMISH CESY (1] 4500 {1400] L] ULAHEES AN ) QA {12} OE SCRISYRTHETIC (7}

(1) RECOMMENDED ROUGHING WHEEL MAY ALSO BE USED FOR FINISH PASSES.

(2) EXTREME PRESSURE ADDITIVES IMPROVE FLUID PERFOBMANCE. B03%566-00
Figure 8 (Sheet 1) Surface Ginding Test Data
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HEAT THEAI WHIETI WHEFI WK SPCCD | DOYH FEFD CHOSS FEED
AL DY HARADAIC S S |OFCAATEN]) GHRALDE SPEED BEM (LLBAIND (BTASS (mmp)  IPASS (mien) GIUMND TLAD
SFM (L MIKD
|I,JI"IUH BASE}
A2 A0 AT O RGE ABQEY | 4300 {14007 EURYET .00 {0.0%) oEn {1 2} (O, DT AWY DHUTY AT TE SO0 LR T
HAC 36 HIMISH | AB0EY (1) 4500 (14000 50 0,000 {001} DOSOET R, | OF HO SEMI-SYRIHE G i2)
MAMALE 24y i R HOLMCH A M| E000 (1A 75 {23} O 00 {010 DD (1.5) (DL, HEAWY DUTY WATEH SOLUBLE
1A 52 FIMIEI | A0S (1] 4000 (1200 40012} 0,000 {001} O0S0{1 7, | ORI0SCKSYNTIIETIC (2
A HOGH | AGEEY | 8000 {1500) - O.00ER D05 (il {1 5] (L, HEAYY DUIT WAITEH SOLUELE
ALS 34 HH: Z4b FiNISH AL 1) S T3 0 000 {0 01 0D (1.0) OH HO SEMI-5YHIHE 1T ()
HHA B}
17 4 Pl MG il el AJBHEY G0 S E3) Q00D 0N 0 0 {1 5] O, 1NIFAYWY DUTY WATER 500 LIkl T
1IN 3 HIMISH LAY (1) B000 {15001 3 0.000% {000k 0 i g4 0 | OH HU SEMI-5YHIHE [T
T S ALEL [ T A A R EO A ) B ES] ]
v - |
EIETEFR ‘tl?&ﬁﬁ TRl | AEOJGY | GOOD (1au0) ETIEY] = ] LT
HHA Bl HIMISH | AR {1 GO 50 0 0005 {0 071 QLD (1.2 |
armwTT | AR Al | T T, Cetu ]t} | I M e (1 L Ty
A1 5> CIMISI]  LASTLESY () B0 |
] e A T o5 |5$w1 LH.I'LIIéID{[ImﬁIJ]
FINISH 1 i | OH HO SEMI-SYHIHE 1PC (2
AIGI 4340 I EMEEH e ARORY | aB00 (1anng 40 (15 i1 A {67 0100 (2.5 B, 1IFAYY DUTY WATEI 500 LRI F
1R 45 KIS AFIEY 11| H000 {12001 ADEI2 ) 0000 {000} 0 s 1 1] | ORI SCRSYHTIHE TG (*
YALCOJE] 20 T HOLH REOLLY | 00010 DL, HEAYY DUT Y wAIER S0LUEL
HIMIEH  ASOLISY (1] 5000 {1a00) | OF HO SEMI-SYMIHE | (2)
(Ca00A1 T RAKE
EE ACED HOL AR | 500 (1&00y EI R EY] T (W1 (1P 05} [ETEEETE DL, HEANT DUI T walEH SOLUELE
HEC 35 FIMISH | ARG (1] 4500 {1400} 50 {15} 1 A0S {0 01} DD (1.2 OR 10 SCMESYHTIETIC (7
1 605 AGED O Kl AABCAEY | A4S0 g 1A00) FhoEd) 0L ol ) 0070 (1 4} {001, 1IEAVY DUTY WATCR 500 LRI T
| HRC 35 FIMISH  |SEncEy (1] 4500 {1400 5 0,000 {001} 00 (12 F HD SEMI-STHIHE I 2
[ALLBAIUN Baki)
FDET Ti: [N K RAGELY B G LR g R 13 WIIET I WATETL S0 LR
HHA FiMIEH [ ARIER (1] G000 (1800) TS 3} LUEL )RR WILIH UH SERI-5YNIHE |

(1) RECOMMENDED ROUGHING WHEEL MAY ALSO BE USED FOR FINISH PASSES.

(2) EXTREME PRESSURE ADDITIVES IMPROVE FLUID PERFORMANCE. BO3S56ET-00
Figure 8 (Sheet 2) Surface Ginding Test Data
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WIHEFI WHFFI WM FEED | CROS% FEED WORK SI*EED
EIATE Tl DIFCAATERN | CHEADE SIPPEELD INPARS 1|ﬂlﬂ:l INEASS (i} S8 AT} AR 1R
_ SHM (WUMIN)
(PLATED COATINGS)
CIMOMT PLATT TIMISIT | AGDEY (1) | 2000 (0 100) | DR qrmi] | 18 Wil 75 WATT [ S0 IRl T
WnTH | UH SEMFSYMIHE |G

(THERMAL BPRAYED
COATIMG)
TURGE TEN CARBIUE AD-E | CABIY (1) | B R | O0S 001) | nose (2 100 {30 WAIEH SULUSLE
(1285 COBALLMETCD /3 FINISH UH SEMISYMITHE | 1C
BIICKT| 200 AL LIRS L 04908 [ALGMV ()| 30000 | 0000002 | eom o 0 {11 WATTTE 01 IR T

FiMISH O SFRILSYHTICTIC
HICKEL, CHHOME M4 AABENY ()| 300 @y | 0001002 | nodo o) 50 {15) WAIEH SUOLUSLE
5%, ALLIMINUILL HINISH UH SELLS YR T HE | 1C
HICET T T0 49 W1 |AAGETY (T} SO0 @M | 001 {002) | 0030 0.3 S5 WATTIE &S00 Um T
oL Al LIKENT I FiMISI O SFWIE SYNTIETIC

(1) RECOMMEMDED ROUGHIMG WHEEL MAY ALSO BE USED FOR FINISH PASSES.

(2) EXTREME PRESSURE ADDITIVES IMPROVE FLUID PERFORMANCE. 603%568-00
Figure 8 (Sheet 3) Surface Ginding Test Data
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Interpretation of Ginding Weel

Figure 9
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RESIDUAL STRESS - KS|
TENSION

COMPRESSION

* * * FOR ALL

| GRINDING CONDITIONS
100 v WHEEL GENTLE CONVEN., ABUSIVE
" g J,r \ WHEEL AdGHYV  AdBKY Adahy
i \hBUSWE WHEEL SPEED 2000 6000 6000
-60 A l\ FTOA)MIN 609.6) 18288  (1828,8)
iy DOWN FEED "IST 0,001 0,002
)] 1 N INAM) PASS 0,025 0,05
I\ ~
¥ « CONVENT IONAL GRINDING SULF. SOL. DRY
o L4 N N FLUID 0IL 0IL
20 7 -
! ~ o N (1:20)
[} -#;_—
\ /LUWSTHESS A et & B
=2 — "‘"h.....: ——
=40
-6
0 0.002 0. 004 0. 006 0. 008 U-Ulfi DEPTH BELOW SURFACE
{0, 05} 0. 10) (0, 15} {0, 20 0,25 - INCHES MM S
Figure 10 Ginding Conditions
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Figure 11 Summary of Hi gh Cycle Fatigue Response to Surface Ginding

6. Br oachi ng.

Subt ask

WARNI NG METAL PARTI CLES FROM BROACHI NG CAN CAUSE DANMAGE

A

70- 00- 03- 800- 045

I NJURY, OR | RRITATION TO YOU. USE PERSONAL
PROTECTI ON EQUI PVENT.

Gener al .

Broaching is a nachining process which generates a desired contour in the machined part by the

push or pull cutting action of a tool with nultiple, transverse cutting edges that

increnentally renove nmetal. This process is capable of producing close tolerances in sinple,

pl ain surfaces and in nore conplicated forns as well. The broaching formdiscussed in this

standard practice will be dovetail slots only.

Cutting Teeth.

A dovetail contour can be broached in a workpi ece by a single pass of the tool

normal Iy have 3 basic sections of cutting teeth:

(1) Roughing teeth or slotters which renove approxi mately 0.003 inch (0.08 mm of material per
tooth (full edge contact).

The tool wll
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(2) Internmediate teeth or rough forners which renove approxi mately 0.003 inch (0.08 M) per
tooth (partial edge contact).

(3) Finish teeth or finish formers which renmove from 0.0015 to 0.000 inch (0.038 to 0.000 nm
per tooth (partial to full edge contact).

Equi pnent .

Based on the direction of broach travel, there are 2 main types of broachi ng machi nes:

(1) The horizontal broach is a general purpose machine suited for either high or |ow
production. It is possible to design for extrenely Iong stroke or obtain the equival ent
|l ong stroke by utilizing special vertical |ocking positions of the work carriage and the
appropriate | ocation of the broach ram Peripheral and accessory equi pnent can be easily
handl ed with the horizontal broach. The mai n di sadvantages of the horizontal broach are the
| arge floor space requirenent and difficult cutting fluid nanagenent.

(2) Vertical broaching machi nes are nore adaptable to high production because they are easily
automated. Cutting fluid can be easily supplied to the entire broach section but good
engineering is necessary to ensure that cutting area is well supplied. Vertical broaches
occupy |l ess floor space than the horizontals but require nore headroom

(3) Two basic types of broach cutters are used for generating the dovetail slots in disks:

(a) Solid segnents consist of multiple teeth grouped in fanmilies to generate a specific
cross section.

(b) Insert segnents consist of a number of individual teeth | ocaded into a tool holder. Each
tool holder holds one fanily of teeth to generate a specific cross section

Mat eri al

(1) Cutting tools.

(a) Broaching test data in Figure 12 identifies the types of tool materials required for
broachi ng various netal s.

(b) Laboratory test have denonstrated the inportance of grinding broach tools under |ow
stress conditions which involve sl ower wheel speeds (4000 sfmreduced from 6500 sfm
| ower downfeeds [0.0005 inch (0.13 nm] reduced from0.001 inch (0.03 nm per grinding
pass, and wet grinding instead of dry. Figure 13 shows the effect of grinding practices
on tool life. Lowstress grinding conditions were responsible for an over 50 percent
i nprovenent in tool life

(c) Conventional high speed steel tool wear standard cannot be uniformly applied to
broaching tools. Since dovetail slot tolerance is seldomw de enough to accombdate a
0.015 inch (0.38 nm wear |and and the size and surface finish will fall bel ow draw ng
tol erances after a 0.005-0.006 inch (0.13-0.15 nm) wear land is reached, the 0.015 inch
(0.38 mMm) wear land end point is acceptable for rough cutters but not for finish form
cutters. See Figure 14 for broach tool nomencl ature.

(2) Cutting fluids. See Figure 12

Procedure.

(1) Broaching.

Broachi ng operations differ with the materials to be nmachi ned, the extrenely close
tol erances required, and the need for superior surface finishes. A laboratory test should
precede the broaching of a new material in the shop

(2) Cutting fluid application
The cutting fluid listed in Figure 12 is applied by flooding. Flooding application permts
continuous flow of fluid to the cutting zone and is efficient in flushing away chips and in
renovi ng heat generated by the broach

Qual ity Assurance

Check machi ned part to ensure that surface finish and di mensions agree with draw ngs.
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HEAT TREAT | TOOL BROACHING GEDMETRY SAM SPEED| WEAR LAND
ALLOY HARDNESS |MATFRIAI IN. (mm} (Y M. {men) BROACH FLUID
(RATAIN
{MICKF1 RASF)
RENE' B3 1% P 00030801 (0060 02) RISEMODTH, a i 0 DOE DI WATH EP ADDITIVES
H=5 18° HOOK, 3° CLEARAMCE 0.2
RENFE' BA 1% PM 0.003-0 801 (0080 02) RISEMODTH, a0 0 DOk DI WATH FP ADDITIVES
HS5 18" HOOK, 3" CLEARANCE (0_2)
RENE' 95 AGED 115 PM | 0.003-0.881 (D.08-002) RISEMTOOTH, | 8 (3 0005 OIL WATH EP ADDITIVES
HRLC 48 HS5 18" HOOK, 3" CLEARANCE {0_2)
REME' 104 Ti15 PM 0.003-0.581 [D.08-002) KRISEMMDCH, B [} O Qe OIL WATH EF ADDITIVES
HSS | 18" HOQK, 3" Cl EARANCE (0.2}
RENE" 128 Ti15 PM 0.00E-0.581 [D.08-002) RISEMMDCH, 8 (3} O Q0 DL W TH EF ADDINIVES
Hss p p E {0.2)
RENE' 41 AGED Ti5 PM | 0.003-0.001 (D.0B-D02) RISETOOTH, [ 8 0008 OIL WATH EP ADDITIVES
HAC 35 Hss 18° HOOK, 3" CLEARANCE {0.2)
INCONEL ¥8 AGED Ti5 PM 0.003-0.881 (0.08-002) RISEMTOOTH, 18 (3) 0. DOk DIL WATH EP ADDITIVES
HREC 43 HS5 187 HO0K, 37 CLEAIRANCE {023
{TITANIIM BASE}
&4 TITANIUM AB Ti5 PM | 0.003-0.881 (0.08-002) RISEMTOOTH,| 1545 0005  [DIL, HEAVY-DUTY WATER SOLUBE OR
HIRC 38 H55 12" HOOK, 5" Gl FARANCE {0.1) SEMESYNTHETIC
§-2-4-2 STABL T15 PM | 00030201 (D0B-D07) RISETOOTH, | 15 (4.5) 0.005  [DIL, HEAVY-DUTY WATER SOLUBE OR
TITANILIM HRC 36 HE5 12 HOOK, 5° G EARANCE {8 1 SEMLSYHTHETIC
TIAT AGED Ti5 PM 00030231 [0 080 02) RISEMOOTH, 15 14.5) (005 QI HEAWY -DAUTY WATER S01 LIRF DR
HRLC 37 HSS | 12" HOOK 5* CLEARANCE 1) SEMISYNTHETIC
6039569-00
Figure 12 (Sheet 1) Broaching Test Data
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| HEAT TREAT| TOOL BADACHING GEOMETHY RAM SPEED) WEAR LAND
ALLOY HARDMESS | MATE RIAL M. () (SF) M. (i) BROACH FLUID
(AR
Wﬂﬂﬂﬂﬁﬂﬂ
MARAGE 250 HAG 54 T-15 0.003-0.001 (0 08-0.02) RESE/TOOTH, [ 1008 i e DILWITH EF ADDITIVES
H55 15* HOOK, 5 CLEARANCE i02)
AZEG AGED T-15 0.002-0.001 (0.05-0.02) REETOOTH,[| &(2) e DILWITH EF ADDITIVES
HRC 36 HESS 15° HOOK,_ 2" CLEARANGCE 02
17 =4 - AGE D T-1% 0,002 0001 (0.05-0.02) RSETOOTH, 15{113 (AT QILWITH EF ADDITIVES
HRC 40 HES 15° HOOK, 2* CLEARANCE i02)
AlS1321 HB217 TISPM | 0.009-00001 (0.08-0.02) ASETOOTH,|  T5(45) 0.o0E OIL WITH EF ADDITIVES
HFLA §0 HES 15" HOOK, 2" CLEARANCE (0.2)
A1 34T HE: 220 TISPM | 0.003-0.001 (0.08-0 02) RISETOOTH,| 1945} 0.ons OILWITH EP ADDITIVES
HFA 60 H53 15" HOOK, 2* CLEARANCE in2)
IS1410 HRC 35 TiG 0.002-0.001 {0 05-0.02) RISETOOTH,[| 155} oo DILWITH EF ADDITIVES
HS5 10° HOOE, 2 CLEARAMNCE 02y
imam¢1mﬁa
LG 05 HAC 35 Tis 0,002 0001 {0.05-0.02) REBETOOTH, [  15{4.5) wouE QILWITH EP ADD ITVES
HES 10° HOOK, 2* CLEARANGCE i0:2)
iLl"v.LL.!.ﬂIr'-l.ll'.l'I HASE)
(B T-6 HE 150 TSP | 0.008-0.001 (015-0.02) REBETOOTH, 3050 0Q0s  0IL, HEAVY-DUTY WATER SOLUBE OR
| HFA 50 H5S 15" HOOK, 3" CLEARANCE {8-15) in1) SEMISYNTHETIC

B039570-00
Figure 12 (Sheet 2) Broaching Test Data
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EFFECT OF TOOL GRINDING PRACTICE -
ING INCOMEL 718 (50L & AGE HRC

00 TooL WATER IAL: M-41 HSS
- HARDMESS: HRCE5S
Mo FINISH: 10 RMS
e
2w RAKE: 18°
s CLEARANCE: P
> 5 RISE/TOOTH: 0,003 IN.(0, 08 MM}
= = FLUID SULFO=CHLOR INATED OIL
V1= AN END 20 INT: 0,015 I8, 0,38 MM) WEAR-LAND
oy
2z 200 A LOW STRESS GRIND
o= 000 SURFACE FEET (1219 Mi PER MINUTE WHEEL
2 W 200 SPEED @, 0005 IN. 0. 013 KM COWNFEED PER PASS,
;g MIST-APPLIED COOLANT
=) B HIGH STRESS GRIND
=" 5600 SURFACE FEET (1707 M} PER MINUTE WHEEL
SPEED 0, 00T 1N, 0, 03 MM} DOWNFEED PER PASS,

GROUND DRY
1016962-01-C

Figure 13 Effect of Broach Ginding Practices
* % * FOR ALL

FACE, OR HOOK ANGLE

TOOL DEPTH ‘,\\ UP SHARP,

PITCH RELIEF, OR
CLEARANCE
RISETOOTH
j !*“T LAND ANGLE
5 .

T RSES-I-0

Fi gure 14 Broach Tool Nomencl ature

7. Drilling.
Subt ask 70-00- 03-800- 046
WARNI NG METAL PARTI CLES FROM DRI LLI NG CAN CAUSE DAMAGE, | NJURY, OR I RRI TATION TO YOU. USE PERSONAL
PROTECTI ON EQUI PMENT.
A Cener al .

(1) Drilling is a machining operation which generates round holes through the action of a tool,
known as a twist drill, which normally has 2 cutting edges. Drilling common materials is
accepted as sinple in nature, however, the drilling of jet engine high tenperature alloys
has proven to be difficult because of work hardening materials. Drilling speeds are
general ly slower than those used for other operations because the cutting edge is in
continuous contact with the nmetal when cutting, and the cutting edges are shielded fromthe
fl ow and beneficial cooling action of the cutting fluid.
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(2) Successful drilling of jet engine alloys depends |largely upon the construction of the tw st
drill, the rigidity of the machine to the fixtured part, the depth of the hole, and the
ef fectiveness of the cutting fl uid.
Equi prrent .
There are many variations of the basic drilling nmachine but generally they are equipped with a
base, columm, powered spindle, and work table. The spindle is built to accept taper shank
drills or drill chuck and is capable of running at a variety of speeds through the change of
gears or of a belt/pulley arrangenent. Either manual or power feed noves the spindle and/or
work table up and down to acconmpdate the size of the workpiece.

Materi al s.

(1) Twist drills.
The recomended twist drill material for use on particular alloys is shown in Figure 15.
Twi st drill point geonetry is shown in Figure 16.

(2) Cutting fluids.
The preferred cutting fluids for conventional drilling operations are water base with

enmul sifiable oils and sul furized or chlorinated mneral oils. These fluids provide
| ubrication and coolant to prevent chatter and friction and to protect tool and workpi ece
from overheating. The normal application nethod is flooding. Reconmended cutting fluids are
listed in Figure 15.

Procedure.

(1) Drilling test data (see Figure 15) provides reliable paraneters (speed, feed, cutting
fluid, etc.) for drilling holes of approximately 0.25 inch (6.4 nm dianeter to a depth of
1 and 2 dianeters.

(2) One cause of poor tool life in deep hole drilling (holes exceeding 3 or 4 dianeters) was
found to be that the deeper the drill penetrated, the tighter the hole becane. This
tightening acti on generated nore heat and shortened the tool life.

(3) One solution for drilling deep holes was found. Figure 17 shows a techni que used in the
deep hole drilling of Inconel 718. As a consequence of the 5/16 inch (7.94 mm dianeter
hol es having to penetrate nore than 6 dianeters [2 inch (50.8 mmM] material, the specia
step drilling technique becane necessary. Wth this nethod, a hole is drilled hal f-way
through the material with the nonminal size drill, and is continued to conpletion with a
drill slightly smaller than the one used for drilling the first half hole. The bore is then
reamed to equal size throughout its length. This 2-step drilling technique inproved dril
life from2 holes per drill sharpening to 40 hol es.

(4) Reconmended guidelines to inprove the success of the drilling operation are:

(a) Ensure the drilling setup is rigid to prevent any vibration that could | ead to work
har deni ng.

(b) Wen possible, plan for a single operation. Wth the exception noted above, it may be
difficult to start a second operation because of work hardened surfaces caused by the
first operation.

Qual ity Assurance
Check machined part to ensure that drilled holes are properly positioned and are of the correct
di aneter.

* * * FOR ALL
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DRILL REAM
FIEAT TR AL (4] [RIIET POINT SFEED (1) FEEID S.F'EED[l:.I FEEDD
ALLOY FIARIIME 555 BATE FHAI CATT TINCS FRRATD ARG T ERIMD 21 SFM IMETEACFTH SEM IKETE AT
[ R R s (AT Do TORCERRLY  (RATEIRG | froan TOHETED
THEFELEASE
QL. HEAWY- DMy LE R e L
18 MBS CARBIDE WATER SOLUBE OR (118 TO 130]  nanl 11 S5(1)  O01u e | pag | 001 ()
SER-SYNTHETIC Al 1 431N
L. HEAv-0I. SPLIT O'R
REMNE &2 CATEENA P Al TS L S8 HAE TR 135S [T Ay s (i) 2048 CHIF S Qi i)
RV T o LT N [ FACET SRIMD
AL D Gl LI R LY SFLIT DR
RENE" 95 HRC A3 CARBIDE fWAI HISOILAE SIS TO 130 na 1 S5(11)  O.01L e | @S | 001 (0)
SERILSYNTHETIC Ae 143N
DIL. HEAYY-DIITY SN CEFR
VI NE" 160 CARBIDE (WATER SOLUBE OR 118 TO 130 nui 1l 301 A0S i) | 25 | 001 (M)
SERI-SYMTHETIC AL T IRIND
DIL. HEAYY-DLITY SPLIT OR
REMNE" |25 CAMREIE PN A TE H SO0 S0 118 10k 155 LTI 3L (LS [ 204 s o)
SER-SYR THE TIC FACET GRIMNC
ARGEL CAREILE | Gl HESYY-DLTY SPLIT OR
REMNE" 41 HRLC 36 i1 WY ATE R SOLLEE OB 118 To 130 LTI FE ) 0.0 (0 25 (1) 005 [0.04)
SEMI-SYNTHETIC FAGET GRIND
AGED  CARBIDE | O HEAYY-DLITY SPLIT OR
ASTROLOY HRGC 37 iy WATERSOLUBE OR[118TO135]  MULTI 35(11)  0.MS (004 | 2548 | 0095 (0.04)
| SERL-SYMTHE TIC FACET GRIMD
AGED  CARBIDE | CIL HEAYY-DUITY SPLIT OR
BCOMEL 718 | HRC 43 i1y WATERSOLUBE OR[118TO 135  nauLT 45003 00s {00 35010 | 001 (0.0d)
SERI-SYMTHETIC -8 CET GIRIND
AGED  CARBIDE | DL HEAYY-DLITY SPLIT OR
1) HRAC 35 i1 WWATER SOUBE DR 118 T 134 MULTI- A5 113 (LS [ ) N R LS ik D)
Yl B SYROIE TS FACET GRIMC
RAOGEDD AR ol HESY - DTy SPLIT R
BICOMEL 625 IS A0 {1} [ S IE PS40 LI S0 (118 103 155 FAULTI GOiIE) LIS I et AL (1) LS ik D)
BT T o T R N [ A CET GRIMD
ANFEAL CAREIDE | Ol T SYY DL R NI
IASTEILOY X HRGC 24 i NATERSOUJBE OR [11ATO 130 nmn 0 Blpis) 00 i0ed) | 45 s | 000w i)
SERILSYNTHETIC N RRILLE
AGED  CARBIDE | OIL HEAYY-DLITY 1 11 G
BIBACINI S e IRIEE {1} WATER SOLLEE QR [118 10 185 LTI AL 13] LIS [ 1) 2l CHAFS ik 0sd)
R s L N [ FACET GRIMD
AL LA R R Cell TSy LY SFLIT OR
REMNE rv¢ TR B8 i1} SOOI TS0 LR €3 1E 10155 [AULTI- AL i3] (IS I 4 3l S b )
Yl B SR DT FACET (SRIND
SOL  GARGIDE | (4011 AYY DUITY SENTRE
18N 1RS HRG 3/ iy [WATERSOLBE OR[113TC 130  nani 1 45008 000007 35 (1) | 0018 (0.M)
SER-SYNTHETIC Rl 1 43IRINL
AGED  CARBIDE | DIL HEAYY-DLITY SPTT G
WA ALY HEL: 41 1) WATER SOUBE QR (118 1(: 155 FAILTI- b 1'_|3:| (LI (1 DS) 2001 I| M S (kD)
R B T R ST FaoET GERIND

(1) PREMIUM HIGH SFEED STEEL MAY BE USED AS AN ALTERNATE. DECREASE CGUTTING SPEED BY 209,
(2) WHEN USING MANUAL FEED (NOT RECOMMENDED) CR INTERMITTENT COOLANT DELIVERY, DECREASE
CUTTING SPEED BY 507

GO39ET-00
Figure 15 (Sheet 1) Hol enmaki ng Test Data
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DRILL REAM
HEAT TREAT (LS L&]| PN FOINT SFEED (1) FEELY SPEED N FELY
ALLOY HARDMESS MATERIM | CUTTING FLUID | &k GRIND: i@ISFM INCTOCETH M| INFTOOTH
1N F b (REIM Y Qe TCRCRTED) (RARAIN Y e T E0ERT1 )
{IROH BASE)
ALY CARBIDE | <0 10 A I WO TT 00T
ML IMEL: 38 il WAL RSO TIEL CHI I8 T 15 kAL L BOENY Q0 () Sw (i) | 01s (0.04)
AR SYRIN 10 TALLH T GG
AGED  CAEIA | 0 10 ACy niir SFLITOR
Bl RAGE 20 HRC w2 L) WATERSDOLUBE CR 118 140 1315 MLILTI- g2y O0ms ) A5 {11) | oi5 (0 ndy
SEMI-5YTITHETIC FACET GRIMND
SMMEAL  GAlmpnn | QL HEAWY-DUTY SPLIT QR
Alsia21 I 1I3A, 6D in WATER SOLUBE OR 11& AL 11 TOEMY 002 (008 AD(1Zp | 0LODE (0.0}
LM SYRINE 10 LT B R
ALY CARBIDE | <30 I AYY LY IR R
17 4 1H G 38 in WANE RS (HL 18 TO 135 R T TOE) 0002 (0.05)  A0{12) | 0002 (000}
HERSYRNNE 106 AL 1 CITIRL
AMNMEAL  CARENGE | A0, HEARY LY SFLIT OR
AlS] 34y HRA G0 (] WATERSOLUBE OR 1% BILILTI- FTGETY LD0DP (OS] A0 {6 | D0 (0 0s)
SEMI-5YTMTHETIC FACET GRIMND
AGED  CAHHILDE | QIL, HEANY-DUTY SFLIT OR
IMCO S HIFLC 42 i1 WATERSOLUBE DR [118 To 13|  MULTE A5 (19)  0.0& 0 36 (11 | D015 (004}
HEMI-5YI THE 116 A CE | GHIFL
TEMPER CARBIDE | QWL HEAWY-DLTY SPLIT OH
AlS1410 HAC 35 in WATERSOLUBE OR 118 RALILT I PO 0002 (005) A0 (12) | D.0KE (0.05)
| | SEMI-SYMTHETIC FACET GRIMD
TEMPER CARBIDE | QWL HEAVY-DUTY HPLIT OH
AlS1 4340 HFLC 45 1) [WATERSOLUBE OR |18 To 195 MULTIL FOE) 0002 (0.05) 40 (12) | 0.002 (0.05)
HEMI-SYTRTHE TIC FAGET GHIRD

(1) PREMIUM HIGH SFEED STEEL MAY BE USED AS AN ALTERNATE. DECREASE CGUTTING SPEED BY 209,
(2) WHEN USING MANUAL FEED (NOT RECOMMENDED) CR INTERMITTENT COOLANT DELIVERY, DECREASE
CUTTING SPEED BY 507

G039E72-00
Figure 15 (Sheet 2) Hol emaki ng Test Data
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DHILL REAM
HEAT TREAT TOOL POINT POINT SR 1) FEEIDD SPELED FEED
AL HAROMESS MATERIAL| CUTTEES FLUID | ARGLE GRIND (R 8 I R CS T T R IKETE AT
DEGREES (AR fne DERCETEY) (RARAIR G | Do TOHRTE)
TEENLLER]
ROITY zAl@nn | O, AT I AT 00
B0 34 15 (1) [SWALL IRSC I CHIE O 1ES[ ke G001 0002 (00s) | 200 | 0.002 (006
N HLRISYRON DI FACH 1 R
AGED  GARBIDE | S0 _T0 Ay 0ITY
1 Eil5 HRC T ily |WATERSOLUBE DR[1STO 130  MLULTE M) Onm os) AeEy | 0 0S)
SEMI-SYTITHETIC FACET GRIND
(70U RAIRLIRA 3R )
s IR 0p13 (ATl 1R500TIE T
G041 MEERA 30 A | HERMPSYRONE T (80 10 118 | S TANDARD | 200 E0) 0,003 (0.08) 200 (B0 | 0.002 {005
(TITANILIM BASE)
A-B HEAYY-DUTY SPLIT OR
B4 TITANLIM HRCG M CARBIDE [WATERSOLUBE OR[113 TO 134 RLILTI TOE1) 002 (hos) 4514y | UAIEE {I05)
SEMI-SYTTHETIC FACET GRIND
8242 STARI HEAWY-DUTY SPLIT OR
[TITAMILIN HRC 3 CARBIDE |WATERSOLUBE OR[NE T 135 WULTIE FOER1) 0002 (005) 45 (14} | 0.002 {0.05)
SEMI-SYTPTHETIC FACET GRIMD
HEAWY-0UT Y SPLIT R
A5-2 TITAMILIM HRC 40  CARBIDE |WATERSOLUBE DR[IATO 135 WULTIE FO@EI) 0002 (DD5) A6 (14 | 0,002 (0.05)
SEMI-SYITHETIC FAGET GRIMD
RGED HEAYY-DHITY APLIT R
Tii7 HACHT  CARBIDE |WATERSOLUBE OF[118 T35 MULTIE PO 0002 (00s) A5 14y | 00002 (00s)
HEMISYHTHE TIEC FACET GRIRD

(1) PREMIUM HIGH SFEED STEEL MAY BE USED AS AN ALTERNATE. DECREASE CGUTTING SPEED BY 209,
(2) WHEN USING MANUAL FEED (NOT RECOMMENDED) CR INTERMITTENT COOLANT DELIVERY, DECREASE
CUTTING SPEED BY 507

Per son,

wi t hout USG aut hori zati on,

is strictly prohibited.

G039E73-00
Figure 15 (Sheet 3) Hol emaki ng Test Data
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| /\
L POTNT ANGLE
MARGIN =~ CHISEL EDGE

ANGLE
.

( HEL1X ANGLE
)

.
=1 =—WEB THICKNESS

LIF RELIEF
ANGLE f _7\
STANDARD POINT CRANKSHAET POINT
101B967-01-C
Figure 16 Twst Drill Point Nonmenclature
* % * FOR ALL
STEP-DRILLING DEEP HOLES IN INCOKEL 718
‘/A—CENFEE!I]EILL HALF-DRILL
! |
|
THROUGH-DRILL REAM
- -
1016966-01-C

Figure 17 Two-Step Drilling Procedure

8. Tappi ng.
Subt ask 70-00- 03-800-047
WARNI NG METAL PARTI CLES FROM TAPPI NG CAN CAUSE DAMAGE, | NJURY, OR | RRI TATI ON TO YOU. USE PERSONAL

PROTECTI ON EQUI PMENT.

A.  General.
Tapping i s the machi ning operation whereby internal threads are cut into an already existing
hol e, using a multipoint thread tap. The hole can be made by drilling, boring, or casting and

must be equal to or slightly smaller than the nminor diameter of the thread. Taps, which are
relatively fragile, are subjected to high torsional forces and the severe nmachi ni ng environnment
of entrapped chips. High tenperature alloys that require snmall dianeter tapping tend to magnify
tapping difficulties.
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E

Equi pnent .

Radi al drills, horizontal boring mlls, turret drills, and other multi-purpose nachi nes are

used for tapping. Selection of the proper machine to be used for a particul ar tapping operation

is based on the size, shape, and material of the part to be tapped; the nunber of rel ated

operations; the tolerances involved; the production rate; and the cost. Tapping reconmendati ons

nust be based upon nmany factors. Individual setups may require experinentation to satisfy al

vari abl es.

Mat eri al s.

(1) Taps.

(a) Most tapping required on jet engine conponents produces threaded holes of 1/4 inch
(6.35 M) to 5/16 inch (7.94 mMm). Due to these sizes and the alloys these taps are used
on, the taps appear conparatively weak. For tapping under 5/16 inch (7.94 mm a 2
fluted tap with larger chip space is best.
For some applications, a 3 fluted tap hol ds size better
(b) Ceneral purpose high speed steel taps such as M2 and M/ HSS have proven satisfactory

for the majority of applications. The tapping of superalloys may justify the use of
nore highly alloyed high speed steel. However, it is often nmore econonical to use
cheaper taps and discard themafter short runs than to use costly taps with | onger
lives. See Figure 18 for tap nomencl ature.

(2) Tapping fluids. See list in Figure 19.

Procedure.

Useful initial guidelines for tapping a variety of naterials are shown in Figure 19. Tappi ng

fluids are applied by flooding.

Qual ity Assurance

Check tapped part to ensure threads are free of burrs and are of the correct geonetry.

* * * FOR ALL
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Fi gure 18 Tap Nonencl ature
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HEAT THEAT TOOL HOOK | SFEED (1)
ALLOY HARDNESS MATEFIAL AMNGLE SFM FLUID {2)
MM
(NICKEL BASE)
HEMEES CARBIDE CR ! 2(1.%) |OIL, HEAVY-DUTY WATER SOLUBE
T-15 PM HES OR SEMI-SYNTHETIC
HENE 22 CAREIDECR i 1.5 [2IL, HEAVY-DUTY WATER SOLUBE
T-15 PM HES QR SEMI-SYNTHETIC
RENE 95 S AND A CAAEIDE OR 7 511.5] [OIL, HEAVY-DUTY WATER SOLUBE
HAG 45 T-15 FM HSS OR SEMI-SYNTHETIC
TAENE 104 CAAEIDE CR f o112l |OIL, HEAVY-DUTY WATER SCOLUBE
T-15 FM HSS OR SEMI-SYNTHETIC
RENE 129 CAREBIDE OR { 2015 [OIL, HEAVY-DUTY WATER SCOLUBE
T-15 PM HSS OR SEMI-SYNTHETIC
REME 95 SAND A CAHEIDE OR f S(1.8) |OIL, HEAVY-DUTY WATER SOLUBE
HRG 45 T-153 PM HSS OR SEMI-SYNTHETIC
HENE 41 AGED CARBIDE OR ! 2(1.5) |OIL, HEAVY-DUTY WATER SOLUBE
HRC 36 T-16 PM HSS OR SEMI-SYNTHETIC
INCONEL 718 AGED CAREIDE OR ! 2(1.5) [OIL, HEAVY-DUTY WATER SOLUBE
HAC 43 T-15 PM HES OR SEMI-SYNTHETIC
INCI W AGED CAREIDE OR 58 TO10 2TO %  |OIL, HEAVY-DUTY WATER SOLUBE
HRC 22 T-15 PM HSS [0.6-1.5) OR SEMI-SYNTHETIC
HAST X HARC 24 CAHRBIDE OR 10TO 12 B2 OIL, HEAVY-DUTY WATER SOLUBE
T-15 PM HSS OR SEMI-SYNTHETIC
NIMONIC C263 HAC 28 CARBIDE OR 7 B2 OIL, HEAVY-DUTY WATER SOLUBE
T-15 FM HSE OR SEMI-SYNTHETIC
ASTROLOY AGED CAREBIDECR 7 Z108]  |OIL, HEAVY-DUTY WATER SOLUEBE
HRC 36 T:15 FM HS85 OFR SEMI-SYNTHETIC
WASFALLOY AGED CAREBIDECR 7 Z106) |2, HEAVY-DUTY WATER SOLUBE
HRC 41 T-15 PM HEE OR SEMI-SYNTHETIC

(1) CUTTING SPEED LISTED IS FOR CARBIDE TOOL MATERIAL. DECREASE BY 30% IF USING HSS
(2) MAY USE MACHINING CUTTING FLUID OR SPECIALIZED TAPFING FLUID.

Figure 19 (Sheet 1) Tap Test Data
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HEAT TREAT TOGL HOOK, | SPEED 1)
ALLOY HARDNESS MATEHRIAL AMGLE =FM FLUID (2]
iMAIN)
(TITANIUM BASE)
B4 Ti AR CAFEIDE CR 7 12{4]  |OIL, HEAWY-DUTY WATER SOLUBE
HRC 38 T-15 PM H&S8 OFR SEMI-SYNTHETIC
G-0-4-7 STABILIZED | CAREIDE OR 7 T21d]  |OIL. HEAVY-DUTY WATER SOLUBE
TITANIUM HRLC 38 T-15 PM HS8 OF SEMI-SYNTHETIC
B-5-2 HAG 40 CAFEBIDE ORF 10 TOQ 20 12 i4] QIL, HEAVY-DUTY WATER SOLUBE
TITANIUM T-15 PM HSS OF SEMI-SYNTHETIC
17 HAC 37 | ECR 7 T2{d] |OIL, HEAVY-DUTY WATER SOLUEE
T-16 PM HSS OR SEMI-SYNTHETIC
{IRON BASE)
AZ26 SAND A | CAREIDE OR 7 15 (#.5) [OIL, HEAVY-DUTY WATER SOLUBE
HAC 38 T-15 PM H38 OR SEMI-SYNTHETIC
CHEROMOLOY HAC 30 CAFREBIDE COR 15 20 TO 20 |DIL, HEAVY-DUTY WATER SOLUBE
T-15 PM HSS {6-9] OR SEMI-SYNTHETIC
17-4 PH SAND A | CAREIDECR 15 20(8]  |OIL, HEAVY-DUTY WATER SOLUBE
HAC 40 T-15 FM HE&S OF SEMI-SYNTHETIC
MARAGE 250 AGED CAREIDE OR 18 10{3)  [OIL, HEAVY-DUTY WATER SOLUBE
HRC 54 T-15 PM HES OF SEMI-SYNTHETIC
AIST 347 HRA 60 CAHEIDE CR B 15 (4.5 [OIL, HEAVY-DUTY WATER SOLUBE
T-15 PM HSS OR SEMI-SYNTHETIC
AlS| 321 HRA 60 CAFEBIDE OR g 16 (4.5} |OIL, HEAVY-DUTY WATER SOLUBE
T-15 PM HSS OR SEMI-SYNTHETIC
AISTET0 HRC35 | CAREIDECRH 15 SOT8] [OIL, HEAVY-DUTY WATER SOLUBE
T-15 FM HES OR SEMI-SYNTHETIC
ATS] 4340 HRC 45 CAREBIDECR 15 201.2  |OIL, HEAVY-DUTY WATER SCQLUBE
T-15 PM HES OF SEMI-SYNTHETIC

(1) CUTTING SPEED LISTED IS FOR CARBIDE TOOL MATERIAL. DECREASE BY 30% IF USING HSS
(2) MAY USE MACHINING CUTTING FLUID OR SPECIALIZED TAPFING FLUID.

G039E75-00
Figure 19 (Sheet 2) Tap Test Data
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_ GE PROPRI ETARY | NFORVATION - Not to be used, disclosed to others or
Date Printed: reproduced without the express witten consent of GE Technical data is Page
2023/ 03/ 21 considered | TAR and/or EAR controlled; transfer of this data to a Non-US 37 of 40

Person, wi thout USG authorization, is strictly prohibited.



COMVERCI AL ENG NE STANDARD PRACTI CES MANUAL CEK9250 - Rev 111, 04/01/2022
| C 70-00-03-015 SPM 70- 00- 03 MACHI NI NG DATA

HEAT TREAT TOOL HOOK | SPEED (1)
ALLOY HARDMNESS MATEHRIAL ARGLE SFM FLUID (2]
{MAAAIM)
(COBALT BASE)
K40 HRC 25 CAREIDE OR 7 2i0.8) [DIL, HEAYY-DUTY WATER SOLUBE
T-15 PM HES OR SEMI-SYNTHETIC
LE05 HRC 35 CAREBIDE OR 7 525 |[OIL, HEAVY-DUTY WATER SOLUEBE
T-15 PM HES OR SEMI-SYNTHETIC
(ALLUIMINUM BASE)
G061 AGED CAABIDECR [ 15 TO 18 | 100 (31) [QIL, HEAVY-DUTY WATER SCOLUBE
HFEA S0 T:-18 FM HSS DHE SEMI-SYNTHETIC

(1) CUTTING SPEED LISTED IS FOR CARBIDE TOOL MATERIAL. DECREASE BY 30% IF USING HSS

(2) MAY USE MACGHINING GUTTING FLLID OR SPEGIALIZED TAPFING FLUID. B039576-00

Figure 19 (Sheet 3) Tap Test Data
9. EHectrical D scharge Machining.
Subt ask 70- 00- 03-800- 048
WARNI NG ELECTRI CAL DI SCHARGE MACHI NI NG CAN CAUSE DAMAGE, | NJURY, OR I RRITATION TO YOU. USE PERSONAL
PROTECTI ON EQUI PVENT.
A.  Ceneral

(1) Electrical discharge machining (EDM) is the machining operation which renoves electrica
conductive material utilizing high frequency electrical sparking to nelt and/or vaporize
the material in a controlled nanner. This process is perforned in a dielectric bath,
normal ly transforner oil or paraffin oil, with specially shaped el ectrodes which discharge
at high frequencies froma capacitor bank.

(2) EDMis a sinmple nmethod for producing hol es and depressions, of alnobst any shape, in
electrically conductive materials too hard or too brittle to be nachined by conventiona
machi nery.

(3) EDM can normally achi eve a nmachi ning accuracy of £0.002-0.004 inch (0.05-0.10 m) and
surface finishes in the range of 125-500 m cro inches (3.2-12.5 nicrons).

(4) The thernmal effects of EDM causes the nachined surface to be altered fromthe base
material. The thermal effects change not only the surface structure and materia
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characteristics but also can create mnute cracks which can progress into the base
material. The depth of the alteration can vary from 0.001-0. 005 inch (0.03-0.15 M)
dependi ng upon whether the part is being rough or finish nachined. The thickness and
hardness of the altered layer increase with increased current. To mininize this formation
| ower current, higher frequencies, and a clean dielectric are required.

(5) For parts that are fatigue-stressed, the altered | ayer nust be renoved, either by chenica
or nechanical neans. Wthout this renoval, electrical discharge nmachined parts | ose 30-50
percent of their fatigue strength as conpared with conventionally nachined parts.

(6) Low alloy steels and nmartensitic stainless steels require passivation processing after EDM
and after renmpval of the altered | ayer when renoval is done by chenical neans

(7) EDM can be used only when specified in the Engi ne/ Shop Manual

B. Equi pnent.
(1) The majority of electrical discharge machines are of the ramtype which utilize a workhead

noved by a hydraulic cylinder. Machines using quill-type workheads are al so avail abl e but
are used normally for smaller work.
(2) Both ramand quill machi nes have servo control for tool advance to naintain the constant

spark gap. The servo input signal is the differential voltage between the sel ected
reference voltage and the actual voltage across the gap. This voltage differential is
anplified and the hydraulic control system advances the tool. A short circuit across the
gap causes the servo to reverse the tool notion until control is restored.
C. Materials.
(1) Electrodes.
(a) Electrodes are selected in accordance with: workpiece finish, geonetry, tol erance
material renoval rate, wear ratio, quantity, and cost.
(b) Electrode nmaterials are: brass, copper, copper graphite, copper tungsten, graphite,
tungsten wire, and tungsten car bide.
(2) Dielectric fluids.
The main features of a dielectric fluid are:
(a) It should retain its insulating properties until the striking of the spark occurs,
i.e., when each pul se reaches the breakdown voltage; then, it should act as a good

conduct or.
(b) It should return to its initial insulating state when the electrical discharge is
conpleted, i.e., between pulses, a voltage should not exist in the

el ectrode-t o- wor kpi ece gap
(c) It should act as a flushing agent to renove particles of material, resulting fromthe
EDM process, out of the machining gap
(d) It should act as a cooling agent for both the el ectrode and the workpi ece
NOTE: Diel ectric fluids nost commonly used are transformer oil and paraffin oil
D. Procedure.

(1) Ensure that part is free of any scale or any other surface contamination prior to
machi ni ng.

(2) Ensure that part is connected to the positive side of the DC potential and that the
el ectrode is attached to the negative side.

(3) After the machining operation, clean the part of all dielectric oil.

E. Quality Assurance

(1) For parts on which altered | ayer nust be renoved, check for freedom of EDM machi ni ng nmarks
after conpleting nmechani cal or chem cal rework.

(2) Check for abnormal overheating indications.

(3) Check that part shows no cracks, pits, etc.

(4) Alowable lints for altered layer, cracks, pits, etc., nust be specified in the
Engi ne/ Shop Manual .

10. El ectro-Cheni cal Machi ni ng.
Subt ask 70- 00- 03-800- 049
WARNI NG ELECTRO- CHEM CAL MACHI NI NG CAN CAUSE DAMAGE, | NJURY, OR | RRI TATION TO YOU. USE PERSONAL
PROTECTI ON EQUI PMENT.
A, General

(1) Electro-chemcal nmachining (ECM is the nachining process which renoves nmetal by controlled
anodi ¢ di ssolution through the passage of direct current in a flowing electrolyte, with the
wor kpi ece being the anode and the el ectrode is the cathode.

(2) ECM can be used to machine extrenely hard materials especially the super alloys. ECM can be
used for many different operations such as face nilling, drilling holes of any shape,
trepanni ng, contour surface form ng, deburring, and polishing. Because of the high costs
involved in tooling and set up, the ECM process is best suited for production work.

(3) The electrolyte is punped under pressure, 100-300 psi (690-2070 kPa) and flows at a rate of
50-200 ft/sec (15-61 m sec) between the workpiece and the el ectrode. This cutting gap can
vary from0.001-0.030 inch (0.03-0.76 mm). The current density determnes the feed rate
whi ch can vary from 0.010-0.25 inch (0.25-6.35 nm per mnute. The higher the feed rate the
better the surface finish. During operation, the electrolyte, usually a saline solution, is
mai ntai ned at a tenperature of between 75-150°F (24-66°C)

(4) The entire electrolytic cell is enclosed in a flow chanber or box sealed to permt the too
to be fed into the workpi ece and prevent | eakage of the electrolyte. Suspended solids are
renoved and the electrolyte is circulated for reuse. There is no tool wear.

(5) Safety precautions nust be maintained in the use of ECM equi pnent and material s.
Ventilation of msts, vapors, and dusts should be provided. Waring of protective gl oves
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and face shields can be required for handling chem cals. Sound operating procedures nust be
worked out to minimze the likelihood of short circuits which mght cause expl osions.

(6) ECM can be used on all electrically conductive materials with nmachining tol erances ranging
fromO0.003 inch (0.08 mm to 0.010 inch (0.25 m) dependi ng upon the conmplexity of the
part. ECM generated surface finishes are generally | ower than 200 nicro inches (5 mcrons)
for titaniumalloys and | ower than 100 nmicroinches (2.5 microns) for the other materials.

(7) ECM does not create conpressive stresses in machined surfaces |ike those generated by
mechani cal machining. This results in machi ned surfaces which have fatigue strengths 20 to
30 percent |ess than nechanically machi ned parts. Surface conditioning by shotpeening or
ot her nethods nay be required to raise the fatigue strength.

B. Equi pnent.

ECM equi prent nust have servonmechani snms to advance the tool; an electrolyte system which can

punp, filter, and maintain the electrolyte at the proper tenperature; and a control systemthat

mai ntai ns current density and cutting gap. In addition the nachine nust be rigid enough to
resi st the high pressure of the punped electrolyte which tends to force the tool and workpi ece
apart.

C Mat eri al s.

(1) Electrodes.

The el ectrodes or tools are of critical inmportance to successful ECM operations. These
tools are nornmally enpirically designed, although basically the tool is required to have
the needed stiffness, machinability, electrical and thermal conductivity, and chenica
resistance to the electrolyte. Mdst ECMtools are nade of copper, brass, stainless steel
or titanium

(2) Electrolytes.

El ectrol ytes have 3 functions: they carry the current across the cutting gap, carry away
the di ssolved material, and act as a coolant for both the tool and the workpiece.
El ectrol ytes are selected for particular processes and materials. The nost conmon
electrolyte used with titaniumand superalloys is NaCl in a variety of concentrations.
O her electrolytes are KO and NaNO

D. Procedure.

(1) Prior to machining, parts nust be degreased and freed of any scale or of any other surface
cont am nati on.

(2) At conpletion of ECM machi ning, parts nmust be rinsed in water and cl eaned to renpve
el ectrolyte and any contanminants resulting from nmachini ng.

E. Quality Assurance
Parts nust be inspected to ensure that pitting and inter-granular attack (1 GA) does not exceed
Engi ne/ Shop Manual limts.
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