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Discussion

Background

Tantalum tungsten 2.5 (TaW) is considered a flammable metal alloy by the National Fire
Protection Association (NFPA). NFPA 484, Standard for Combustible Metals, Chapter 9
Tantalum and Annex E, supplemental Information on Tantalum require cutting oil be used when
machining tantalum because it burns at such a high temperature that it breaks down the water in
a water-based metalworking fluid (MWF). The NFPA guide devotes approximately 20 pages to
this material. The Kansas City Plant (KCP) uses Fuchs Lubricants Ecocut Base 44 LVC as a
MWEF. This is a highly chlorinated oil with a high flash point (above 200° F). The chlorine is
very helpful in preventing BUE (Built Up Edge) that occurs frequently with this very gummy
material. The Ecocut is really a MWF additive that Fuchs uses to add chlorinated fats to other
non-chlorinated MWF.

Summary

A literature search was conducted to obtain machining parameters for TaW. Some dated
information was received from wrought tantalum alloy smelters of these materials (see Appendix
2). The information was incomplete and did not include information on new cutting tool
materials and coatings. Some papers generated within the NWC complex were found but much
of this information was also dated. Conversations with Cabot technical staff revealed that they
had been turning bar stock in the 350 SFM (surface feet/minute) range with high rake tools and
limited depths of cut. Tool life was short. KCP could increase tool life appreciably by reducing
the cutting speed; but machining cycle time would increase dramatically.

Testing focused on this higher speed and was aimed at increasing tool life with commercially
available tooling. Specially designed tooling from commercial vendors usually includes a
thousand dollar set up charge plus extended delivery time. Modifying a quantity of inserts in the
plant’s cutter grind area would significantly increase the insert cost. Developing a mold to press
inserts was even more expensive. Large businesses only want to press large quantity of inserts
which limits ordering from smaller specialty vendors, thus increasing costs exponentially.
Therefore, the decision was made to find a commercially available tool and sacrifice an optimum
tool life based on a special geometry.

I also had conversations with the technical staff of Kennametal concerning this material.
Discussions with Kennametal technical staff, although having limited experience, recommended
two grades which were used in testing. Cutting tool manufacturers did not make high rake inserts
(above 18 degrees top rake) in the geometries KCP preferred to use. Recommendations exist for
up to 25 degree top rake. This edge is very fragile and easily destroyed when making interrupted
cuts. This usually is the first situation faced, when working with any work piece material
(wrought, forged, or formed).

Another consideration in the selection process is that cutting tools with a high top rake angle
have very delicate cutting edges without much support. They tend to fracture or chip easily
especially when inconsistencies in the work piece material structure exists. Intermittent cuts can



cause the most damage in the shortest time. Thus, cutting tool manufacturers make special grades
for this cutting condition which usually slow the cutting speed down.

The plant required turning tools with as much top rake as possible. In the 1980s KCP ran a test
for a process engineer for the IMOG machinability group using brazed tip tools of special design
with a variety of rakes. These tools were re-sharpened and used for some of the testing (see
Photos 1 and 2 following).

2. Different Top Rakes (from left to righ 0, -5,5, 5,12, 17, -5, -5)

TaW is a very abrasive material and wears cutting tools very quickly. It has hard particles in a
soft gummy matrix. TaW forms a very long continuous chip that will not break into pieces. An
unsuccessful attempt was even made to add a chip breaker to the top surface of a high top rake
tool. The long continuous “snarled” chip (1SO 3685.1993(E)) often forms a “bird’s nest” that
will easily break the cutting edge if caught by the tool.

A recently introduced coating by Oerlikon (Balzers) called Alcrona was released prior to this
project and is one of the most temperature resistant and hardest coatings for cutting tools (see



Appendix 2 for a data sheet which includes all cutting tool coatings). Some of the tools used in
this project were coated by Oerlikon. They coated the first group of brazed tipped tools but
would not coat a second set because of impurities in the brazing material that contaminated their
chamber. Therefore, any additional testing with these tools was stopped.

Commercial tools used for this test were obtained from Kennametal. The inserts were
DPGT3251HP Grade 5010.

Side Top Cutting Ege
3. Multiple Views of the Kennametal DPGT3251HP Insert
(high rake w/integral chip breaker and sharp cutting edges)

The tool holder was specially designed by Kennametal and used at KCP. It is a modified
Kennametal SDJC-L-163 holder. The standard holder has a negative top rake of 3 degrees and
side rake of 32 degrees. The special holder has a zero degree top rake and a 17.5 degree side
rake. This holder insert combination gave us a top rake of 15 degrees with a sharp cutting edge

(no hone). This insert tool combination is typically used for profiling shapes on turning centers
and lathes.

4. Tool Holder Installed in Kistler Cutting Force Dynamometer (Tool overhang is longer than
normal to allow clearance & protect dynamometer while generating a shape.)



Oerlikon coated a number of inserts for KCP. Testing revealed the greatest success with
Kennametal inserts Grade 5010 which has a TiAIN coating over a very deformation-resistant
unalloyed carbide substrate. Oerlikon was able to apply the Alcrona coating on top of the TiAIN
coating. This duplex coating of AICrN on top of the TiAIN increased tool life (~15 to 20%)
during turning tests. This combination has been used on other TaW parts and the model makers
have stated that this duplex coating provides the longest tool life.

The testing performed leads to the recommendation, if forming a part from this material, that the
initial passes be made without the additional coating. Intermittent cuts cause rapid failure of the
inserts because hard spots generate in forming and this affects the fragile geometry. Since the
high rake geometry of the insert is prone to failure in interrupted cuts, the additional cost for the
second coating is not recommended. When using a stronger geometry (lower top rake) insert an
increase in tool life was not encountered because the material demands a high shear angle tool to
cut.

6. Splash Shield Modified to Control Mist 7. Dynamometer Installed, Rear Turret Position

Photos 6 and 7 from Turning Test Setup, American Hustler Lathe
in Process and Machining Evaluation Laboratory.



Cutting forces were measured using a Kistler Cutting Force Dynamometer that was connected to
one of the lab’s data loggers. The data logger utilizes National Instruments signal conditioning
and data logger modules. National Instruments LabView software supported the display and
storage of the digital data. Microsoft Excel software was used for data reduction.

8. Cutting Force Data as Generated During Turning Test Run

Many different configurations of inserts were tried. The Kennametal insert and holder
combinations are listed. The best combination of insert and holder were the special design
Kennametal holder and the DPGT3251HP Grade 5010 with the Alcona coating.

A Valenite DCMW32.52 modified insert with a change in the top rake to 20 degrees was also
tested. No results matched the results of the Kennametal combination. This combination had two
factors for consideration. Much care had to be taken to prevent any excess heating of the insert
when it was being ground. Also, it was only coated with the Alcrona coating and not the duplex
coating.

Milling

A deviation from the regular milling test strategy involved using a single carbide end mill instead
of an inserted cutter. This made the wear measurement much more complicated because the wear
on every flute had to be measured for each run. When an inserted cutter was used, a single insert
was installed and thus only one insert had to be measured.

This was done because process engineering felt that milling would be a secondary operation
where a specific feature would be modified. Because of the cost of the material it was
determined that the typical operation sequence would be form, turn, and then details (pockets,
holes, etc.).

Robb Jack is the carbide end mills supplier for KCP due to superior quality, delivery, and
product performance over the years. A high performance end mill currently stocked was selected
for these tests (see Appendix 2). This is equivalent to the supplier’s XR-402-20 4 flute end mill
with a TICN coating on super tuffy (micro-grain carbide).
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While these tests were being run an unfortunate error occurred. During normal metalworking
fluid (MWEF) filling operations in the production machining department, water was added to the
special cutting oil. The machine was taken out of operation with the hope that the oil and water
would separate. The fluid partially separated and the separated water was removed. The Ecocut
oil being used is a metalworking fluid additive designed to add chlorinated fats to MWF mixes.
We concluded that the fluid absorbed some of the water and the water that separated removed
part of the chlorinated fats.

After this mishap, tool life was reduced 50 percent. Time was not available to order a new batch
of MWF and complete the project within the fiscal year. At the time it was unclear what caused
the tool life reduction. During data review, comparisons could only be made for tool results of
MWF w/water to each other. These tests could not be compared with the previous tests. Viewing
the data this way, the determination was made that there was not much difference between the
three different end mills tested. However, the end mill made from the super tuffy material
seemed to have the most potential of yielding the longest tool live under the operating
conditions.

Ta-2.5%W test samples were prepared using Kennametal NGE-1 Inserted End Mill (1.0 inch
diameter, 3 flutes), K1003150AN162304C, and ANGT16232PPER3LG in grade KC525M. This
combination of holder and insert provided 20 plus degrees of top rake. This combination was not
tested because of its large diameter but was very effective on this material. Later tests on other
gummy materials has shown this insert holder combination is quite effective.

Drilling Tests

Results indicated that the 118 degree point angle gave superior life over the 135 degree point
angle. This matches standard recommendations for ductile materials. A surprising result was the
short tool life encountered with the carbide drills. The soft gummy tantalum quickly destroyed
the cutting edges.

11



Appendix A: Summary Data

Turning Data

Tesl File Mlaterial| Test Toal Inzert Grade Special | Speed OOC | Feed Life Cutting Forces [Ib]
Mo | Mame Type Holder SFF IFK Ilin Wertical Feed Auial
Ta-wiy | TIMID
1/ 6010-01 Ta-w T AOZ05438 OPGT3251HF a010 3500 001 0005 Damaged 24 45 15 Had been used for for setup
2 601002 Taw (T AOZ05435 OPGT3251HF A010 3600 001 0005 3.8 21 4 15 Fossible Damage
3EOID-03 Taw (T AOZ02428 OPGT251HF a010 3800 001 0005 a8 Flake Side of insert
4 5411-01 Ta-w T AOZ05438 OPGT3251HF 5410 3500 001 0005 2.0+ Eroke in cut
5 B410-01 Ta-w T BOS05438 OPGT3251HF 5410 3500 001 0005 3.8 Flake on side of Insert
B CE2-3-0 Taw (T Eraze Tip Top 12 Side -5 C2-3- | Special 3000 001 0005 4 Chipped
TCEE0 Taw | T Eiraze Tip Top 20 Side 17 C2-5-001 | Special 3000 001 0005 475 12.9-24 | 249-383 | 85113 Wear
8 C2.502 | Taw (T Eraze Tip Top 20 Side 17 C2-5-02 | Special 2000 001 0005 1 15 24.2 E.3 Damaged nose
3 C2-5-03 | Taw T Eraze Tip Top 20 Side 17 C2-5-03 | Special 3000 001 0005 E 112 Flank. 01332 Entry Motch Can be reground
10 KCT30-1  Ta-w | T MES-OWJRL-1630 WEBGTI33HD T30 3500 001 0.005 1 Chip in Motch
M ECTI0-2  Taw |T MES-OWJML-1630 WEBGTI33HD 730 3500 001 0005 3 222 i 12 Flank wear 014
12 MC-1 Taw T AOS05438 OPGT3251HF A010 Alzona 3600 001 0005 0 306 238 15 ‘wear 010
13 MC-2 Ta-w T AOR08438 plus 4 | OPGTI251HP A010 Alcona 3600 001 0005 10 ‘Wear 010
14 NC-3 Taw T BO2053438 OPGT3251HF 5010 Alcona 3500 001 0005 0.7 206448 36-39 214 wear 0109
15 MNC-4 Ta-w T AOZ05438 OPGT3251HF a010 Alcona 3600 001 0005 <20 Eiroke off end of insert
16 B410-03F  Ta-w | T SROCKHZE2EMO2 RCGTOZ03MOHP 5410 3600 001 0005 2 Wear 0236
17 BO0I0-04F Ta-w | T SROCK2525MO8 RCGTOZ03MOHP 5010 3500 001 0005 2 ‘wear 0157
18 6010-05  Ta-w | T SVJERIES YEGTI32HP a010 3600 001 00085 3 Failed, 32 2 min wWear 0093
19 5410-04  Ta-w | T SV.JERIES WEGTI32HP 5410 3600 001 0005 3.2 F ailed, 2 2 min whear 0083
20 501008 TaWw (T AOZ02428 OPGT2261HF a010 3600 001 0005 3 Failed, Flk. w'ear 0117
Added active 5 additive to cutting oil For MC-5,6,7 runs. Proved unsuccessful. Cause chemical reaction in area of heat of cut
21 MC-5 Ta-w T BOS05438 OPGT3251HF 5010 Alzona 3500 001 0005 2 Flaking - Added 54 ta ail, Chem reaction
22 MNC-E Taw T AOS02438 OPGT2251HF a010 Alzona 3600 001 0005 2 Flaking - Added 54 ta oil, Chem reaction
23 MC-7 Ta-w T A0Z053438 OPGT3251HF 5010 Alcona 3500 001 0.005 2 Flaking - Added 54 ta oil, Chem reaction

Femowed modified oil, cleaned sump and refilled with fresh Fuoch's oil
Walenite uncoated Insert modified in cutter grind, 20 deg top rake ground inko top of ingert w 118 radius chip breaker

24 LMC-0 Taw T SOGCR-16-3C OCKW32.52 Maod s Alcona 3800 001 0005 4 Failed Flank. wear 0145

26 LMC-02  Taw | T SOGCR-16-3C OCMW3252 Mad us i Alzona 3600 001 0005 L Failed -Flank. wear 0123, Entry 022
26| LMC-02 | Taw (T SOECH-16-3C  OCKMW 3252 Mod 510 Alzona 3500 001 0.008 K] Failed Chipping

2YLMC-04 Taw [T SOGCR-16-3C OCMW3252 Maod s Alcona 3600 001 0005 3 F ailed Chipping

28 LMC-08  TaWw | T SOGCR-1E-23C OCMW32.62 Mod us 10 Alzona 3600 001 0005 3 F ailed Chipping

23 LMC-06  Ta-%W | T SOGCR-16-3C OCKW32.52 Maod s Alcona 3800 001 0005 3 Failed Flank ‘wear 0232

30 LMC-07  Taw | T SOGCR-16-3C OCMW3252 Mad us Alcona 3600 001 0005 1 F ailed Chipping

MLMC-08  TaW T SDQCH-16-2C  DCMWILE2 Mod z10 Alzona 300 001 0.008 2 Failed Chipping

32 BMC-1 Ta-w | T AIET-SOGFR-4 | OFMW432 Mod Usin Alcona 3800 001 0005 2 F ailed Chipping
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Milling Data

Test Speed  DOC- Dioc-
Mo (FilelD |Mat  Op End Mill Designation SFM Radial  FeedIPT
| Sample prep aperation with Kennametal 2 flute cutter - profile milling
Taw W [KI002150AM 1623040 AMGTT B2 32PPERALG 524 240 04 0.01 0.005 60 inch cuMa visible wear
Ranvarious speeds to detin ball park. Started at 152 sfm & 0015 [PT changed at 1 min, 8 min 20 min
This tool has variable geometry and opposite flutes in line adjacent flutes not 90 deg.
38 TICHN-1 | Ta-w M |RobbJack 4 flute End Mill 51104360 S Tuffy-TICH 245 01 0.03 0.002| 26 min avy wear 0.006MUte
39 TICN-2 | Ta-w M |RobbJack 4 flute End Mill 51106360 8 Tuffy-TICH 24A 01 0.03 0.002 30 min 013470071
40 TICK-3 | Ta-w M |Robb Jack 4 flute End Mill 511068360 8 Tuffy-TICH 24A 01 0.03 0.002 14 min 015400138 Water in ail
41 TICH-4 | Ta-w W |Robb Jack 4 flute End Wil 511058360 S Tuffy-TICH 244 01 0.03 0.002 Broke at 11 min
Remaoved seperated water from oil - Added 15 gallon fresh ail -
42 TINT [ TawW M |RobbJack C-TS-301-12T S-Tuffy TiM 244 01 0.03 0.002 13 min Avgwear 010 for 3 flutes
43 TIMZ Taw M |RobbJack C-TS-301-12T S-Tuffy TiM 244 01 0.03 0.002 13 min Avgwear 016 for 3 flutes
44 TIALMWT  Ta-w M |Robhb Jack C-TS-301-12C Tuffy - TIALM 244 01 0.03 0.002 13 min Avg YWear 0.01445 far 3 flutes
45 TIALMZ  Ta-ww M |RaobhbJack C-TS-301-12C Tuffy - TIALM 244 01 0.03 0.002 15 min Avg wear 0.0142 for 3 flutes
Drilling Data
Test Mo [Wat  Drill Type Stores Code | Speed SFM Feed IPR  Life Holes | Comrment
1/ Ta-WW 113 Deg Pt HZS 50118801 a0 0.003 1018370173
2 Ta-W 118 Deg Pt HES 50118801 el 0.001 15 015150118
3 Ta-W 118 Deg Pt HSS 501158301 35 0.002 20 Spot drill broke leaving debris in hole
4 Ta-w 1158 Deg Pt HES a01158801 a5 0.002 25 0.0129/ 0164
5 Ta-WW 135 Deg Pt Cobalt HSS 0115390 a5 0.002 15 @ 10 Hwear 01110100
B Ta-\W 135 Deg Pt Cobalt HSS a115390 a5 0.002 17 @ 15 Hwear 0185/.0148
7 Ta-w  Carbide Drill 115339 150 0.002 1 Broke 15t hole
8| Ta-v | Carbide Drill 0115339 105 0.002 S chipped
9| Ta-w | Carbide Dirill 50118839 105 0.0o02 5 chiped
10 Ta-W | Carhide Drill 0118839 S0 0.002 5 broke
11 Ta-WW  Carhide Drill 0118839 7h 0.002 5 chipped
12 Ta-WW  Carhide Drill 0118839 B0 0.002 5 chipped
13 Ta-WW  Carhide Drill a0115339 7h 0.0012 10 YWvear 005470042
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Appendix B: Supplier Technical Information

cerlikon
balzers

» Home » Cuting » Coatings overview

icticn Max. service
. . Microhardness coefficient Internal Coating Coating
EEectclame Costinaimstesial Hv* against steel stress (GPa)* tem.perature color structure
- (*Cy
(dry)
BALIMITE & Ti 2300 04 248 GO0 gold-yellow  Monalayer
BALIMITE ALCROM, AICH 3200 0,35 -3 1100 blue-grey Monolayer
BALNT® ALDURA AICE - based 3300 0,35- 0,40 3 1100 blug-grey L“L:‘;tl"ayer'
BALINT® B TiCN 3000 04 40 400 sy | PMERER,
gradiert
BALIMTE < WNICIC 1000 #2000 010-0,20 -1.0 300 black-grey  lamellar
BALIMITE L M 1750 0.5 154020 o0 silver-grey  Monolayer
BALINT® DIAMOND zgﬁ:j‘a"'”e 3000 - 10000 015-020 500 light-grey  Monolayer
BALIMTE FUTURA MANG TisIN 3300 0,30 - 0,35 13015 an0 vinlet-grey zmD
structured
. . Mano
BALIMT®E FUTURA TOP TiaslN 3300 025 13015 a0 violet-grey
structured
BALINT® G TICN + Tid 3000 04 40 400 gold-yeliow  MHEYEr,
gradiert
BALINT® HARDLUBE TiAIN +ACIC 3000 015-020 A7i20 500 dark-grey I:;'g'"aa"rer'
BALIMITE HELICA AICr - based 3000 025 =30 1100 copper Multilzyer
BALIMITE TRITCH DLE (a-C:H) 2500 01-02 350 black-grey  Monolayer
BALIMTE ¥ CEED i 3300 04 S304-35 an0 blue-grey  honolayer
likon
v Home » Cutting » Cosfings overview  » coating details
BALINIT® ALCRONA
Product name BALIMITE ALCROMA,
Coating material AICHN -
Microhardness Hy* 3200
Friction coefficient against steel
. 035
(ckry)
Irternal stress (GPa)* -3 Coating structure
Max. service temperature (°C)* 1100 Monalayer
Coating color blue-grey
Coating structure Monolayer
More informations Recommendation Coating properties

*Carbide end mills and indexable

carbide inserts M

for roughing and finishing Substrat
*HSS end mils for roughing and

finishing

*Catbide and HES hobs

*CAM indexable inserts for turning

*%ery high abrasion resistance
* Higgh and constant temperature resistance
* Unrivalled oxidation resistance
* Titanium free coating

More
informations

(]
B
B
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cerlikon
balzers

v Home v Cutting » Costings overviewe  » coating details

BALINIT® FUTURATOP

Product name BALINITE FUTURA TOP

Costing material TislM

Microharoness Hyv'* 3300

Ftiction coefficient against steel

(ary)* 0,25

Internal stress (GPa)* 13015 Coating structure
e, service temperature (°C)* Q00 i Mano structured
Coating color violet-grey

Coating structure Mano structured

ore informations Recommendation Coating properties

For HSS + CC - Tools with high
themical stress: Driling, Turning, Dry
machining, HSC, Driling depth =3x0

* gptimized ratio of hardnessinternal,
stress |

* higher thermal and chemical stability |
* hetter sliding properties |

* higher wear resistance




Information on the Robbjack Corp. (www.robbjack.com) end mills used in these tests.
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CABOT EUPERMETALS @

Product CABOT

Information ereating what malhsrs

Tantalum Processing
and Fabrication

T3HIME:

T M2, Eamia Same e

Cartvide Typa &2 = Tantsium a5 Tamaum as Tanbhre
Cutting Eps=-d  High Spesd Slow-

40 o 00 murtaos fLimin (EFM) 2 fio 40 SFM 25 o 40 BFM 20 fo 100 3P

Thia hasviar the fead ard Heawvior o, Heavior ou, Haaiar cut,

ol o, e siower tha 5 showear soead sk spaad ST 5 i

Carbids Toods:

00 surfaos [EFM] &0 5FM 40 3FM B0 EFM

and fastar and fastar and fasier and Tasior
Foed 0LODS i 005 IR Eamia Same Zamia

Finish, 0005 In. masdmum. 2z Tantaium s Tanisium as Tankhre
Dopti of Cull 0015 bo 006D I QS b OA0D In S b 0000 . 0330 50/ 0.900 in.
Tend Shapa bl 0 om

mh::mE- ] 5 ]

Elda rakae 5 P 0 om

Trall Angis: 45 o 25 =

Bk rakm, 10 0 10 10

Hosa mdis, 00 DS o D030 In.  OudDS jo 0U03D0 m. QUDDS o DLO3ED In.

lﬁcﬂirg:'h'llal.m has mechanical propariies com parabis bo sieal and machining proparties compamble
trane s greater lardency bo gall with carbids inols than with high spead 1ools, both

'E:P.:'fuhﬁgb mufﬁﬂﬂg{tﬁ?‘:&ﬂmsmdmm foooland) Is conmtial

Unamsaiad @nlalm miachines ballar than annesled matonal becauss of grealor suriaca hamness. galling
oooUrE, nars intha sufaca will = visbia. Camful abiention 10 feeds ard speods will provant caling.

Dwilling: Crillireg can ba done with stancian high speaed drills. Adeguaio fuid k= a necassany and drill spoads
should mnga from 20 o 40 feal par miinube.

WWEEMWWIMEUMMMMMHMMMW

Grtacing. Cecing tantatem I UL Most whaals haes a I "icaad,” and slioon carbida
whaalk Such as 120-T flor and 120-F or 150-R for fnishing) should ba wsed.
&n adequaia supply of cooling veatar s dasrabi.

joorfnuad on hack)
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CABOT EUFERMETALS C

Tantalum Processing CABOT

and Fabrication ereallng whal mallers

Pickling: Irmadisinly folosing dogeacing, Dl Just prior i a fnishing, panrs shouid bo plokisd In 0%
HF 4+ 30% HMOE with T balance disShad mwﬁﬂmmmmmww
shouid be rinsad indistlled or dedonizedd wiaber and died. The mouft ciean surfaos wil yiekd W

with rediucad lardency bosard porosity and wil prevent carbon or owygen dissobution In o molion pool.
Rivobing: Taniahm rvels ara mada by cold upsatiing tantslom wire and md. AkaEng s dona cold.

Bradng: For low lemperahas brees, ihe suriass of ha metal [afor proper cleaning| can ba wial with tir-kead
sobders, than bmesd. An abomain meihod & o plals e @nisiue with a fash of copper, Tan braze wih tha
dezined razng mizaril Brming of Ag-Mn, Au-NL T-THY and othar composRions may Do usaed.
Fissistancae Walding: Tantalm sheobs are mutinely jored o each otfer by mslsbnoe welding, aspechiy
shaais, 1U0ED In. and Thinner. Whils weaiding In ar with a ming of ona oydia IS esualy

it = acvisabio o 00 msiskanos undor walnr Thewalnr pressnts contam iration of tha
wenid by oejdation and acts a5 a very afcianl cooling mschanisT.
Continucus o seams 1S usad o wekd tubces formied fom sheat. Whis tha

ot such aweld s leas ‘that of a fusion weld, tha msthod 1= sxSsiscion for applcaSons whens intarmal
or axtomal prosoures ane lowe R A Clags 7 glociodos ang satisfacion for sl sance welkding.

[Fursion : Gas bongsion-am: (ET4) and elaciron beam [EE] waiding am standand mgthods for joining
iantshrm in mgihods, he wondqpiecs must bo cloan.

Ir GTA welding, I assential o prodact o weld a5 woll as e heat affecicd rone above Z00°C (S00—F)
from ar bo caidation and subsequont amibriSamant of he wold. This & nomally dona

& mupply of Ireet gas jamon of helust angon prefoemed), o e ool ama by adding the gas na

or oovear bow. Coppar ohill bars ane often u=od o Inoeass ha oooling rate and o neduca he sk of e
Fecal-affeciad zona

Elcton Bsam wolding I cormmonly used bo join Thick sactions, bul can alzo ba advanisgeous for vany Bin
sacions. EEwelkds In fick molons up o ILTE I (10 =) o namower and deapar than Tosa produced by
oifier msthods. Whari joining Thin sections, tha ramow waild zors halps reduce dlshorion.

Thar than ensuring that wolding & dona with only clean parts, nommal elacinon beam walding procedurns

are adaquatc.

Chus S Punchis are LSac, Al & g of 05 o Ftal Hichrazs batwead I punch anc i
Alminum Dorza of barylium copper alioys can be used for tha fooling. Thase malorisls groally reducs
galing.

annealed shast i Lsad for doap drawing cpamtions. Tanizium doss naol work hardon at & fast rata.

Howoreor, wihan i doss, £ s mos! apparnt at the iop of tha drawn parl.
Wit chwpat.ln-:hphddmmmmmmﬂnmm%mm
e first should haea a depdh of ot more Tran 20 o 50 of he dameber of the
Intermipdiate anmeals ara deberrmimad Dy e numiter of drows involvad, the :nuﬂfrnllndawn'l:ll'n
desied propenios of the Inkhed parl. These anneals. am usially delommired oxpormantally.
Tartahom can ba formmed by all tha nommial sheal-metal forming eohriques. The malal, i thickressas of ks
fthan 0.06D In., ussally can be benl b 180 degress on @ 1T radius withoul ovidonca of fallam.,

nning: Barylum coppern, auminum boree and, i casas, Siacl iook ara satisiaciony for spinning
hmmmm'smﬂmm%m
Poripheral spaads of approcimalol 300 feal por mimute, with tha spinring ‘inol Dedng worksd In ong
R Emml@tmmnm U=ing this lechnkgue will @il undus: Tinning of

Thee adgees of ha part bsirg =pun should 5 rmmed, not only fo balance tha work, but o remiove Bhal part o
nmmum.ﬂnﬂﬂlr{mmhmm“mm I= batter sirca tankalui is
mmﬂmm phoit Lp minor surfaos Imporiscions fromm o wood form

'luh-z-m:l ummmmmmmmwmm
q:-llnr'nl.alu-:l.n:l b prodact anainst cormshve attack. Tha application of arkalr sheal
umymmm&mumﬂamumhmm of tanialm k=
adequeris for most applications.
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