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Toward the Future and One More Step Ahead along with Daidos Titanium & Titanium Alloys.
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Titanium, a metal which provides us with a lot of
opportunitiesto talk about our dreams for a variety of
our future lives.The application fields of titanium are
still expanding owingtoits superiority in characteristics
such as lightweight, specific strength, high corrosion
resistance, biocompatibility, and non-magnetic as well
as high recycle index.

Making full use of the superb seawater corrosion
resistance which equals that of platinum, titanium is
applied in seawater desalination, power generation,
and oil refinery industries. Itis also used in a various
fields, ranging from the aerospace industry, the nuclear

Iﬁj@%&‘/' q—&‘/{—:‘l\ﬁo

industry, computers, and medical treatment to articles
for leisure or daily use like golf clubs and kitchenware.
Thus, we cannot find any bound to the potential of
titanium.

In addition to the superb characteristics like these,
Daido’s titanium and titanium alloys can meet further
diversified market needs with our unique technology
developed for higher-quality and more complex forming.
We, Daido, are sure that you can expect the potential
of titanium and titanium alloys which are further
coming into the limelight as well as our performance
in future.
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Characteristics and Applications

‘\f _L_ig_;/htweight +High strength - Superior Corrosion Resistance
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M Aircraft and Equipment for
Use in Space Development
+ Airframe

- Engine parts

+ Rocket parts

+ Fastener

Il Automobiles

+ Connecting rods
+ Valves

+ Springs

+ Vavle Retainer

+ Fastener

+ Suspension parts

W Ship, Offshore Equipment

+ Shafts

+ Tubes in LNG coolers
using seawater

+ Parts for Submarine boat

+ Fishing net for Offshore stock farm

M Chemical and Petrochemical
Industry Equipment

+ Electrodes for NaOH
electrolysis

+ Equipment to manufacture

various chemical products

+ Reaction towers for
sewage disposal

- Distillation

+ Thickeners

« Heat exchangers

+ Equipment to manufacture
pulpy products

ENuclear and Thermal
power plants

+ Condenser tube,
pipe and sheets

+ Equipment for reprocessing
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W Sports and Leisure

+ Golf parts

+ Tennis rackets

« parts for Bicyles

- Pickels crampons
+ Kendo Mask

+ Fishing Tackle

M Accessories

+ Frames of Eyeglasses
- Necktie pins

+ Watches

+ Cameras

M Others

+ Vacuum bottle
+ Attache case
+ Bonbe

+ China pan

+ Iron

+ Chair
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M Medical Equipment
+ Parts of Medical Machine
+ Artificial bones
+ Root of dental
+ Pacemakers
+ Pipes of Bed
+ Wheel chair
WFoods
+ Liquor Bottle
+ Electrodes for water
electrolysis
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lAutomobiles

+ Sensors for fuel
injection valve

M Home electric Appliances

+ Sensors

+ Motors

+ Thermal drivers

« Cellular phone’s antenna
MAccessories

- Brassiere

NA AT AR IS
Bolt with hexagon hole

T30 vHIREBEESR)
Brassiere(shape memory alloys)
AL

Artificial bones

\
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Eyeglass frame
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Titanium— a versatile source of support for a range of modern lifestyvles.

ST ITTAYR
Golf club heads

BEIER/NILT
Valves for automobiles

BEEAEE/NX
Coil spring for bicycle

AXTTa> AU

& D
AL Connecting rods

Kendo mask
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Fan case
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Manufacturing process
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Daido uses three types of titanium ingots ;

one is manufactured by

yrso-ivinT
Ring rolling

VAN

B M
Bars
ELvyhEEY
EE DAERRE  Conventional melting method Rolling @/_
SIREE T
Bloom rolling Machining M
B H E % B @ & @ BER Wire rods
Raw materials Compressing Welding Vacuum melting Remelting
Ti ZR>D
Sponge titanium
eaxx W E » = ) &1 & 4
Oys N
Cold finished bars
VAR#R VAR
VAR furnace VAR furnace
WREE P =AM @
Rolling eat treatment Secondary working
& H° & $x44
Cold finished wire rods
KRB &#RE Daido’s exclusive melting method
R # 75 AV B BiaR
Raw materials Plasma melting Remelting
s Tix:rt:’_’t/? B =
ponecEraniin Press-forging
TiZ9597 88 - KiEY ;
ITi scza; » » % JLI?orginlgE ﬂﬁ'ﬂ
SETE /TN % Forglng
Alloys
PPCHF VAR#F
PPC furnace VAR furnace
KEIME B#gi% Daido’s exclusive melting method
BTHIE
R # LET—2av iR BiaR Die-forging 7]']
Raw materials Levitation melting Remelting
TiIZKS Y BT d
Sponge titanium = T Die-forged products
TiZ95v7 g o
W (m| e |- = T
ﬁﬁii b B N
Alloys
Machining
LIFIF VAR#R
N (LI Furnace) VAR furnace L 2595 1INy B
1 BE - SREE Flash-butt welding
High-speed . B
L] isi i B RIE SRS R
o Precision-forging High—pgﬁﬁaﬁﬁ full automatic
: rotary forging press NFP. Y28 N
ao
ART - FAUEEMR. BELLE EERT— Ring products
VBB EIT S - BEDBEEACLZ( Y%

B P 2000
75 X< HERER CC FT
o Plasma progressive casting furnace O] —_ E—@W—‘
TEET, g GL@:
D X
0000
the conventional process and others are by our original developed B RSP

BT EE AR EE Continuous annealin :
Plasma Progressive Casting process (PPC) and Levitation Induction Hot strip rolling (;6 EQE—)I«) & L -
i . § Cutting W IR
melting Furnace process (LIF). Cold strip rolling

Sheets and Strips
PPC process and LIF process enable us to use large amount of

scraps, help us both reduction of manufacturing costs and stable
supply of titanium products.
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Daido’s Titanium and Titanium Alloys

1. {t¥ K% Chemical composition

S - Chemical composition (wt%)
Daido’s brand | ' YP'¢@ sf:r:(r‘easrzon ing
N C H Fe (0] Al \' Ti Other elements
JIS Class 1 <003 | =008 | =0013 | =020 | =015 | — — Bal
DT1 ASTM Grade 1 =003 | =008 | <0015 | =020 | =018 | — — Bal
DIN3.7025 =005 | =006 | <0013 | =015 | =012 | — — Bal
o JIS Class 2 =003 | =008 | 0013 | =025 | =020 | — = Bal
3
3 | om ASTM Grade 2 =003 | =008 | 0015 | =030 | =0.25 | — = Bal
®
(2]
) DIN3.7035 =005 | =006 | <0013 | =020 | =018 | — = Bal
<
°
£ JIS Class 3 =005 | =008 | <0013 | =030 | =030 | — - Bal
(0]
§‘ DT3 ASTM Grade 3 <005 | =008 | <0015 | =030 | =035 | — = Bal
=
3 DIN3.7055 =005 | =006 | <0013 | =025 | =025 | — — Bal
JIS Class 4 <005 | =008 | 0013 | =050 | =040 | — — Bal
DT4 ASTM Grade 4 =005 | =008 | <0015 | =050 | <040 | — - Bal
DIN3.7065 =005 | =006 | <0013 | =030 | =035 | — — Bal
550~ | 350~
JIS Class 60 =005 | 5008 | <0015 | 5040 | =020 | °20~ | 3227 Bal
550~ | 350~
ASTM Grade 5 =005 | =008 | <0015 | <0.40 | =020 | °20° | 920 Bal
DATS 550~ | 3.50
DIN3.7164 =005 | =008 |=00125| <040 | =020 | >0~ | 3207 Bal
550~ | 3.50~
AMS 4928 =005 | =008 |=00125| <030 | =020 | >0~ | 3227 Bal
JIS Class 60E =003 | =008 |=00125| =025 | =013 56520~ 3'4526“ Bal | Y=0005
DATSE ASTM F136 =005 | =008 | <0012 | =025 | =013 | >0~ |35~45| Bal
AMS 4930 =005 | =008 |=00125| =025 | =013 | 250~ | 850~ | g, | y<0005
650 | 450
i, 550~ | _ Nb 6.50 ~7.50
= | oater ASTM F1295 =005 | =008 | <0009 | =025 | =020 | >20° Bal | TP &30S
=)
£ JIS Class 61 =003 | =008 | =0015 | =025 | =0.15 2'350 200~ | gy
E 50 | 3.00
DAT52
® 250~ | 2.00~
= ASTM Grade 9 =003 | =008 | 0015 | =025 | =0.12 Bal
5 350 | 3.00
JIS Class 61F 270~ | 160~ S 0.05~0.20
DAT52F | (ators) aes B1F ing) | =005 | =010 | <0015 | =030 | =020 | 272~ | 207 Bal | S005°020
JIS Class 80 350~ | 20.0~
DATS1 | (\aterial for cold working) | =0-0% | =010 | =0.015 | =100 | =025 | “y'5, | "534 =
Si0.2~07, Mo 25~3.5,
DAT54 | Daido original standard | =0.05 =0.20 | =0.015 | =1.00 | =0.25 | 55~6.5 — Bal Sn 3.0~4.5, Zr 3.0 ~4.0,
Nb 0.4 ~1.0
DAT55G | Daido original standard | =0.05 | =010 | =0.015 | =100 | =0.25 |35~45 ‘51’-70(; Bal | Cr5.0~70
DAT56M | Daido original (CATI) | =005 | =010 | =<0.015 | 04~15| =030 |25~35| — Bal | Cri25~145
DAT57M | Daido original (VLTi) | =<0.05 | =010 | <0015 | 0.4~15| =030 |55~65| — Bal
- 14.0~ Cr 25~35
DAT15G AMS4914 <005 | <005 | <0015 | <025 | <013 |25~35| M0~ Bal | 12533

E) EFBRME BRREFEEReVICKNBRENETOTHYURKREEREVET,

Note. Chemical composition may be differed yearly. Please confirm revised year of standards prior purchasing.

2. WIS Mechanical properties

Tensile strength |0.2% Yield strength Elongation Reduction of area 180° bending Hardness Heat treatment
(N/mm?2) (N/mm?) (%) (%) Cinner radius) (HB) condition
270~ 410 = 165 =27 — 2T =100 Annealing

=240 = 170 =24 =30 — — Annealing
290~410 = 180 =30 — — — Annealing
340~510 = 210 =23 — 2T =100 Annealing
= 345 = 275 =20 =30 — — Annealing
390~540 = 250 =22 — — — Annealing
480~620 = 345 =18 — 3T =150 Annealing
=450 = 380 =18 =30 = = Annealing
460~590 = 320 =18 — — — Annealing
550~750 = 485 =15 — 3T =180 Annealing
=550 = 483 =15 =25 — — Annealing
540 ~740 = 390 =16 — — — Annealing
=895 = 825 =10 =25 = = Annealing
= 895 = 828 =10 =25 — — Annealing
=900 = 830 =10 =25 — — Annealing
= 896 = 827 =10 =25 — — Annealing
=825 = 755 =10 =25 — — Annealing
=825 = 760 =8 =15 — — Annealing
=825 = 760 =8 =15 — — Annealing
=900 = 800 =10 =25 — — Annealing
=620 = 485 =15 =30 — — Annealing
=620 = 483 =15 =25 — — Annealing
=650 = 600 =10 =25 — — Annealing
640~900 =850 =10 =55 = = Solution
=895 = 825 =5 =10 — — Annealing
770~1050 =1000 =10 =25 = = Solution
850~1100 =1050 =10 =25 = = Solution
=895 = 825 =10 =25 = — Annealing
703~ 945 689 ~ 869 =12 — — — Solution

E) MEAOMEOREEERTLUTCSIETOT BE4ICELURBEEIEVET,
Note. The above figures are shown typical mechanical properties. Please confirm revised year of standards prior purchasing.




F 2/ aROFE

Characteristics of Titanium Alloys 2. 75 2 DEBT TOFERFE

Tensile properties of Titanium at high temperatures

E DT2 (annealed) T DAT51 (solid-solution-treated—aged)
70 140
1. F 4 8R0EFHE [MEEDLER] s s
. . R . R . Reduction of area
Basic physical properties of Titanium Alloys [compared to other materials] < eof; Y < 1201
» I i) Tensile strength
Linear | o X8 s0f I’ $ & 100}
. . . Melting - pecific | Thermal Electric | Young’s - , = @ I = o N
Metal :‘J;r;::, 'evt;mllf Sg:s;:lc point z);z;:::si:_: heat conductivity | resistance| modulus Porlzfizns g % 40|C Tensile strength 1 % %” 80l . /
g gravity (c) C) (J7crg) | (W/m/C) | (x108Qm)|  (GPa) s € / s g Yield strength /
- — (= ;
é £ 30k, —V"/v_ AN /'/ _§ = 60| Reduction of area /
Titanium 22 47.90 45 1668 | 84x106 | 052 17.1 55 106 0.34 S W ’ Ve ) \
T o . T o \Y
DAT5 = = 443 1594 | 88x10% | 054 7.1 171 111 0.32 c i Ar Elongation i 0r v
5§38 § 3 Elongati /
DAT51 — — 4.69 — 8.0% 106 0.54 6.7 148 80 — =< 10 = 20 ongation .
e Yield strength i3e VY gV
DAT52 = = 4.48 — 9.3% 10 0.54 10.5 125 100 — sy o , , leldstengtn T s g , L L
e 0 100 200 300 400 500 600 700 c 0 100 200 300 400 500 600 700
DAT52F — — 4.48 — 9.3%10°6 0.54 10.5 125 100 = o o
Temperature (°C) Temperature (°C)
Iron 26 55.85 7.9 1,530 12X 106 0.46 62.8 9.7 206 0.31
18-8 Stainless 1,400 " 2 DATS (annealed) B DATS5 (solid-solution-treated —aged)
steel (SUS304) — = 79 ~1.420 17X10 0.50 16.3 72 200 0.3 E 140 E 140
; v B
Aluminum 13 26.97 27 660 23x10°% 0.88 205 2.7 69 0.33 = 120 - , = 120 |- Tensile strength
0 i o
(IGTGT 476 " < L Tensile strength ! < L
alloy (7075) — — 2.8 = 23%10° 0.96 121 58 72 0.33 g8 100 i 28 100
S o ! g o
Magnesium 12 24.32 1.7 650 25X 10 1.00 159 43 45 0.35 S% 80F i 82 80 vijeld strength
. ey Yield strength ] )
Nickel 28 58.69 8.9 1,453 15%10° 0.46 92.0 9.5 206 0.30 2 < 60 |- / = =) 60 |-
é & ) X é o Reduction of area
Hastelloy _ _ 8.9 1305 |11.3x10% | 0.38 12.6 130 205 - & S 4of Reductionofarea ,v/ e s 4w} X
c s = El i /' s z Elongation V/
Copper 29 63.57 8.9 1,083 | 17x10% 0.38 385 1,724 108 0.34 5> 200 ,v_"_”_g;t_"’_”_v____v,./v §> 20 Sl g
S 2 = &R
u% g 0 ! ! ! | ! | ﬁ g 0 | ! ! ! ! |
0 100 200 300 400 500 600 700 0 100 200 300 400 500 600 700
Temperature (°C) Temperature (°C)
° . .
Mechanical properties He3&E (DATS)
DAT52F | DAT52 | DAT5 | S45C-HT IEELRELDBFIE. TRIDESYTY, .o
HOOCETFOBEICAVTH, Sy 5 Il a s ISEOREERUET. 3. F AR DEITHE

Tensile strength (MPa) | 824 814 1030 | 785 Fatigue properties of Titanium Alloys
Specific Strength (DAT5)

Specific strength (MPa) 184 182 233 99 The graph and equation below indicate the relationship between . . . "
specific strength and temperature, where titanium alloy proves itself OFatigue strength (E#xelFESHER) OFatigue strength in warm condition
superior to nickel alloy in specific strength in the area below 400°C.

Elongation (%) 16 17 20 25 80 ‘ o

Smooth Notched
DAT5 - i
Reduction of area (%)| 38 42 52 55 HRELREEDRR o = ® DAT52 =
Relationship between g » E 60 E 50 4
4 = "\_ - 1 7 :: ‘.\_
Charpy impact value (J/cm?) 29 118 39 98 :zzcg;;gg:ﬁz ‘Ea N & | => 1] B T
z ° - °
Fatigue strength, smooth [ DATS 2 = 2 4or i
’ 3 = = £
specimen mpay| 471 461 588 422 g 1 < < i |
Fatigue strength, notched § 14 'NCONEL 718 : 0 .\7 - g 30 . DAT52F
, ’ @ IS ! | 7] 7] B : 1
specimen S 284 314 216 B 12 "’sas(o‘.,c‘,lc | £ T~ _ = - : DAT52
Specific strengh=Tensile strength/Specific gravity ) P, % o ’~6‘?a~0. 7,14&% \ = I ®:DAT5 ]
Notch:ak=1.8 - T rE % ‘ ‘) 20 L1 1aaa I [T [ R 20 1 1 1 1 1 1 1 1 1
SREEIE LT @ ® 0700 200 300 400 500 600 700 800 10¢ 10° 10° 107 0 100 200
SElensilalsiensihy Cycles to Failure Notch:ak=1.84 Temperature (°C)

SRR Gy Temperature (C)
u
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Characteristics of Titanium Alloys for free cutting

REIF & EEDOHFH
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Free-cutting titanium alloy features

(1) Superior machinability compared to conventional titanium alloy. Drilling
efficiency can be improved by 50 to 70% when compared to conventio-
nal titanium and titanium alloy. For turning, 20—30% improvement
can be expected when used with carbide tools. Excellent crushing capa-
bility for chips simplifies disposal and contributes significantly to unmanned
operations.

(2) Mechanical properties and fatigue strength practically equal to those
of conventional titanium alloy. They can, therefore, be easily exchanged
when used as components.

(3) Corrosion resistance superior to stainless steel and practically same
as conventional titaniums.

(4) Hot work capability is practically equal to conventional titaniums.
However, for better machinability, forging with a slightly higher tempera-
ture is advisable.

Cutting speed (m/min)

Cutting speed (m/min)

100

50
40

30

20

10

200

100

50
40

30

20

DATS2F S45C (HT)

+/\+

DAT5

—

| | | | |

100 1000 10000
Tool life (min)

Cutting conditions
Tool:Cobalt HSS, 5mm dia.
Feed:0.07mm/rev

Depth of hole:15mm (blind)
Cutting fluid:Water soluble type
Tool life criterion:Tool failure

REIF 2 AEOR) IV EamiiR

Fig. 1 Drill life with free-cutting titanium alloy

S45C (HT)
DAT52F
Tool:P10
DAT5
L1 I I |
5 10 20 50 100

Tool life of carbide tool (min)

Cutting conditions
Tool:Carbide K10, TNP331
Feed:0.15mm/rev

Depth of cut:1.5mm

Cutting fluid:Water soluble type
Tool life criterion:K1=0.05mm

E2. REIFL2EEOBETRSFMamR

Fig. 2 Carbide tool life with free-cutting titanium alloy
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Characteristics of high strength B8-Titanium Alloy

DAT51 (Ti-22V-4Al)
1.7k

OARIMIMICEhHTI I TS,
O SEMIICKYTi-6AI-AVEL EDIREHABON. SIS NIEE Y &
(L& THEZR ETHENTED,

2. %51 Characteristics

AREIMIEEFIRES
Relationship between cold worked rate and tensile strength

160
DAT51 (CW+AG)
| DAT5(CW)
<120
=
£
% [ DAT5(A) DAT51(CW)
=
e (CpaTs1 @
ﬁ (ST) ///’ DT2 (CW)
& [ i
= a0 @F
DT2(A)
oL 1 | 1 L : v
10 30 50 70 90 95 o
Reducation of area (%) QT 22?:}:?5
AG :Aging
CW:Cold working
BFZhiRE SR E S

Relationship between aging temperature
and mechanical properties

180 TS
0.2%YS
vV VE!
160 - O HRA
4h 32h

140

120

100

80

60 -

E2.,RA (%) 0.2%YS, TS (kgf/mm?)

o
40 - \\ A :Anneling
1 ST :Solution
20 ' AG :Aging
v CW:Cold working
0 L v |

CcwW 300 400 500 600 700 800
Aging temperature (°C)

[ =]
3. EAEBm I
INIWVT  ZTVGINIVT ZTV G ) F—F YANR 32 ZTUYT
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1. Features

®Superior cold workability.
oStrength exceeds that of Ti-6Al-4V after cold working and is even
greater after additional aging treatment.

AEMIECHWE TR

Relationship between cold reduction ratio
and mechanical properties

140

120 |-

TS
g 100r 100
=
B
< 80 RA 480 3
< ~
) <
= oc
2 60 160 <
(%] [a]
= <
g2 ol 1
© 40 ©
=
w
20 i\ 2 4120
S — -
0 | RSN

0 20 40 60 80 0

Cold reduction ratio (%)

AEEMHTFE Cold reduction characteristics

160 -
140 DAT5 DAT51

€ ol

£ 120

> -

g 100 -~ "SCR420

® A,_Ar”

= e

5 80 AT

% -

2 60 e

s X

Q /

% /

B 40 A D

§ eFailure
H AT

20| g DD
D=¢6, H=11.5
0 1 1 1 1 1 1 1 1

1
0O 02 04 06 08 10 12 14 16 18 20
Strain (In{H/h))

3. Sample of applicable components

Valve spring, valve spring retainer, suspension spring, bolt, screw,
etc.
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List of materials, methods of manufacturing, and level of
corrosion resistance. List of titanium and titanium alloys.

1. 7848
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1. Welding

Titanium is an extremely active metal. Consequently, it easily reacts to the
atmosphere and other, etc. during welding. Harmful chemical reactions
occur when it comes into contact with various impurities, such as different
metals, dust, moisture, oil and grease and various oxides. This can often
serve to reduce the ductility of any welded zones. At the same time, a
deterioration in corrosion resistance and the emergence of factors leading
to the occurrence of blow holes can also arise.

Therefore, when welding, it is necessary to maintain a clean working
environment, use clean welding materials and, of course, to totally seal
the titanium.

2. ;hnig

FH2%600°CH EICI#HTHHEIE. EFH. HHVENEEHATFTET
EEALEY, Foo RRUMBALISESE. RATr—IVEITRVET,

oL NIRREREAEL 480~590°C 4 ~AHEFE

oEREL 650~760°C  }4,~8R¥H

—#IC. BEFEVISEEREEEELET, #. HERDSHE. 50mmd 7
VABFE. BMTIE. 1mbHU2~3 P ERICEVET, £ KFER
IREXFBI. FFRERIEEFRRICROLESHIET,

2. Heat Treatment

When heating titanium to temperatures in excess of 600°C, a vacuum or
an environment of inert gas should be used. However, if heated in the
atmosphere, descaling should be carried out.

«Stress-relief Annealing : 480-590°C for 1/4 to 4 hrs.

*Annealing : 650-760°C for 1/10 to 8 hrs.

generally, the period where titanium is kept at a high temperature should
be minimized. For bars and forgings, one hour per 50mm is advised. For
thinner materials, 2-3 minutes per millimeter is usual. Moreover, in order
to avoid hydrogen absorption, it is necessary to maintain an oxydized
atmosphere in the furnace.

AREIMIEEL &Lt Hardening due to Hot Working and Softening due to Annealing
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3. Processing

@ Forming
The bending and drawing of annealed titanium sheets are relatively
simple. However, it is best to have the bending radius over twice the
thickness of the sheet in the case of DT1 and DT2, and over three times
that in the case of DT3.
Since titanium has a great spring back property, it is easy to gall with
the tool used to work it. Therefore, the forming rate should be reduced,
and lubricants and vinyl coatings used. When cold working is a
problem, it is good to carry out processing at a temperature range
between 500 and 650°C, where formability is in the intermediate range
of SUS 304SS and 430SS.

(@ Machining
The machining rate should be low, with the feed rate also maintained
at a somewhat reduced level. Since it is of the utmost importance to
prevent the cutting edge of the tool from overheating, a cutting fluid par-
ticularly excellent in cooling quality should be used. Also earlier
replacement of the cutting edges is advised.
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(1) Turning:

(A) Titanium

®Table 1 indicates tool shape; Table 2 indicates tuming conditions.

®lt is advised to maintain the sharpness of all cutting tools, replacing
the cutting edge when the flank abrasion is a standard 0.4mm for
hard metals, and 0.8mm for high speed steel tools.

®Because it is easy to generate one continuous chip when turning
titanium, please use a chip breaker.

*1. IEEIOITERIX
Table 1. Shapes of Turning Tool

Roughing Finishing
Carbide tool | High speed steel | Carbide tool | High speed steel
Top rake 555 05 =45 05
Side rake 0~6 0~5 0~15 0~5
Back clearance angle 5~10 5~7 5~10 5~7
Side clearance angle 5~10 5~7 5~10 5~7
®R2. EHISHEF
Table 2. Turning Conditions
Roughing Finishing
Materials . ) : "
Carbide tool |High speed tool| Carbide tool | High speed tool
Machining rate DT1.2 130 60 150 75
m/min DT 3 75 30 80 33
Feed rate mm/rev various 0.38 0.18
Depth of cut mm/rev various 3.8 0.63
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(B) Titanium alloy
e®Suitable machining conditions must be chosen when titanium
alloy are machined. Table 3 presents some typical turning
conditions.

R3. HEHISME
Table 3. Turning Conditions
Carbide tool High speed steel tool
Depth of cut  |Machining rate | Feed rate Machining rate | Feed rate
mm m/min | mm/rev o) m/min | mm/rev flicol
S9
1 52 0.13 K10 21 0.13 S11
S9
4 44 0.20 K10 18 0.25 S11
K10 S9
8 34 0.25 (K20) 15 0.40 S11
(2)FvinT
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(2) Drilling:
Table 4 and 5 show the drilling conditions for titanium (C.P.) and
titanium alloys respectively.

R4, FEOORVIVELEAZF
Table 4. Drilling Conditions for Titanium(C.P.)

Drill dia(mm)
Materials
30 | 60 | 120 | 200 | 250 [ 400 | 500
Machining rate DT1.2 30
m/min DT 3 15
Feed rate DT1.2] 0.015 006 | 15 | 545 | 0.20 | 020 | 0.30
mm/rev DT3 |0.05 | 0.13

R5. FRAUAEDORNJIVFLEASEHE MERE 1 1m/min
Table 5. Drilling Conditions for Titanium Alloy Machining rate  11m/min

Drill dia mme 8 6 12 18 25
Feed rate  mm/rev 0.05 0.10 0.15 0.18 0.20
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4.Corrosion Resistance of Various Metals to Various Chemicals
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5.List of Titanium and Titanium Alloys

Tensile Characteristics

— 1 %
IR (75 vt %) BRI AL o LR O "R (& BRI RO RAUR)
WMra
JIS 15& ESl 270~410 16551 F 27 E B ASTM G1,DT1
JIS 21& btz 340~510 2158 F 238k AAMEOEWRERNRE ASTM G2,AMS 4902,DT2
JIS 35& 1Eeh 480~620 34511 181 E R ASTM G3,AMS 4900,DT3
JIS 478 et 550~750 48511 1581 F ERE ASTM G4,AMS 4901,4921,DT4
[Tfca=gy
0.15%Pd (JIS 117&) Eeh 270~410 16551k 278k Tt PR P 8 A 14
0.15%Pd (JIS 127&) et 340~510 21551k 238 E T R R S i ASTM G7
0.15%Pd (JIS 137&) b 480~620 34511k 1851 E T PR T S i
at®
5Al-2.5Sn s 828 LIk 795 Bl E 1081 E e, WEE ASTM G6,AMS 4926,4966
5Al-2.5Sn ELI St 686 LI E 618 Bl E 1081k R, R, T AMS 4909,4924
Near-a &4
8Al-1Mo-1V STA 8961 E 827l E 1080 E s AMS 4915,4916,4955,4972,4973
6AI-2Sn-4Zr-2Mo-0.08Si STA 896 L1 | 8271 E 1081k k03 AMS 4975,4976
a-BEE
3AI-2.5V (JIS 617E) b 62021 E 48501 F 1580 E AR ASM 4943, DAT52
3AI-2V-S (JIS 61F 1&) s 65011k 60011k 1081 E BREIE DAT52F, JIS H4650
BAl-4V (JIS 607E) sl 89511k 82511 1081 E NAMOEVRENAS JIS H4657, ASTM G5
AMS 4911,4920,4928,4934,4935,4932,
4954,4956,4965,4967, DAT5
6Al-4V ELI (JIS 60EFE) s 8251 F 75551k 1081 E ER# JIS H4670, AMS 4907,4930,
4931,DAT5E
6AI-7Nb bt 9001 E 800L1 E 10LLE EFEEM ASTMF 1295, DAT67
BAI-6V-2Sn HESh(STA) 106811 £ 999~1172 11 k 8(8)LIE A AMS 4918,4971,4978,4979,
(12064 E) (110321 k) 4936,4937
6Al-2Sn-4Zr-6Mo STA 11728 E 11032 E 1080 E it 7 U— 74 AMS 4981
Near-B &%
5A1-2Sn-2Zr-4Mo-4Cr STA 1137~1275 1068~1206 5LLE EREE, Bt AMS 4995, Ti-17
BHEE, WU—TH
5 s . EAREE. B,
10V-2Fe-3Al STA 119351 E 110351 E 4Lk Siinimi AMS 4983,4984,4986,4987
BEE
22V-4Al (JIS 80%&) ST 640~900 8501 F 1051k BRI, B X DAT51, JIS H4600
13V-11Cr-3Al ST(STA) 89611k 8271 k(—) 8(4) Ll E EFRPEEEE R AMS 4917,4959
(1241~2069)
3AI-8V-6Cr-4Mo-4Zr STA 144731 F 13781k 7HE BRI, B X AMS 4957,4958, BC
11.5Mo-62Zr-4.5Sn ST(STA) 75881 62021 E 15(8) KL E AEMIME. BB bt AMS 4977,4980, BlII
(124081 ) (120624 k)
15Mo-2.7Nb-3AI-0.2Si ST(STA) 1068(1275) 965(1206) 13(5) B b, SEMIE. Beta 21S
(fKR1E) (KxME) (Kx1E) EFE(bIE R
15V-3Cr-3Sn-3AI ST(STA) 703~945 689~869 12(7)2E SR, Bt AMS 4914,4922, DAT15G
(100034 k) (965)

Z Dt 50Nb K& ¥ 53.5Nb GBEH) . 55Ni FLIRFRIEAS) . 56Ni GBEM) . TiALTI Al (EERMLA . i i)

*1. STAUAMMERFHILIE, ST & A LALIE

*2, IR, BRI, Tk T, BRICLW R EBZEN HB,

Composition (Nomial,wt%) Treatment | Tensile Strength | 02% Proof Strength | Elongation Properties (related standard g:éep,oduct standard)
(MPa,N/mm2) (MPa,N/mm?) (%)
Pure titanium
JIS Class 1 Annealing 270~410 165 and over 27 and over Molding ease ASTM G1,DT1
JIS Class 2 Annealing 340~510 215 and over 23 and over Common type for general use ASTM G2,AMS 4902,DT2
JIS Class 3 Annealing 480~620 345 and over 18 and over Intermediate rigidity ASTM G3,AMS 4900,DT3
JIS Class4 Annealing 550~750 485 and over 15and over High rigidity ASTM G4,AMS 4901,4921,DT4
Anti-corrosion alloy
0.15%Pd (JIS Class 11) Annealing 270~410 165 and over 27 and over Corrosion resistance for gaps
0.15%Pd (JIS Class 12) Annealing 340~510 215 and over 23 and over Corrosion resistance for gaps ASTM G7
0.15%Pd (JIS Class 13) Annealing 480~620 345 and over 18 and over Corrosion resistance for gaps
a alloy
5AI-2.5Sn Annealing 828 and over 795 and over 10and over | Welding capability,heat resistance | ASTM G6,AMS 4926,4966
5AI1-2.5Sn ELI Annealing 686 and over 618 and over 10 and over | Low-temperature casting capability, | AMS 4909,4924
welding capability,heat resistance
Near-a alloy
8Al-1Mo-1V STA 896 and over 827 and over 10 and over Heat resistance AMS 4915,4916,4955,4972,4973
6AI-2Sn-4Zr-2Mo-0.08Si STA 896 and over 827 and over 10 and over Heat resistance AMS 4975,4976
a-B alloy
3AI-2.5V (JIS Class 61) Annealing 620 and over 485 and over 15and over | Manageability under low temperature | ASM 4943, DAT52
3AI-2V-S (JIS Class 61F) Annealing 650 and over 600 and over 10 and over Cutting ease DAT52F, JIS H4650
6AI-4V (JIS Class 60) Annealing 895 and over 825 and over 10 and over Common type for general use JIS H4657, ASTM G5
AMS 4911,4920,4928,4934,4935,4932,
4954,4956,4965,4967, DAT5
6AI-4V ELI (JIS Class 60E) | Annealing 825 and over 755 and over 10and over | Low-temperature casting capability | JIS H4670, AMS 4907,4930,
900 and over 800 and over 10 and over 4931, DAT5E
6AI-7Nb Annealing Biocompatibility ASTMF 1295, DAT67
6AI-6V-2Sn Annealing(STA) | 1068 and over 999~1172and over | 8(8) and over Heat treatment capability AMS 4918,4971,4978,4979,
(1206 and over) (1103 and over) 4936,4937
6Al-2Sn-4Zr-6Mo STA 1172 and over 1103 and over 10 and over Anti-creep characteristic AMS 4981
Near-B alloy o ) »
5A1-2Sn-2Zr-4Mo-4Cr STA 1137~1275 1068~1206 | 5and over | pigh oo o . e, ,
anti-creep characteristics AMS 4995, Ti-17
10V-2Fe-3Al STA 1193 and over 1103 and over 4 and over _ High rigidity,casting capability, AMS 4983,4984,4986,4987
high resistance against metal fatigue,
heat treatment capability
B alloy
22V-4Al (JIS Class 80) ST 640~900 850 and below 10and over | Manageability under low temperature, | DAT51, JIS H4600
anti-age-hardening capability
13V-11Cr-3Al ST(STA) 896 and over 827 and over (-) |8(4) and over High aging capability AMS 4917,4959
(1241~2069)
3AI-8V-6Cr-4Mo-4Zr STA 1447 and over 1378 and over 7 and over | Manageability under low temperature, | AMS 4957,4958, BC
anti-age-hardening capability
11.5Mo-6Zr-4.5Sn 4Zr ST(STA) 758 and over 620 and over 15(8) and over | Manageability under low temperature, | AMS 4977,4980, BlII
(1240 and over) (1206 and over) anti-age-hardening capability
15Mo-2.7Nb-3Al-0.2Si ST(STA) 1068 (typical 965 (typical 13(typical Anti-oxidization,low-temperature | Beta 21S
figure:1275) figure:1206) figure:5) | casting capability, anti-age-hardening capability
15V-3Cr-3Sn-3Al ST(STA) 703~945 689~869 12(7) and over | Manageability under low temperature, | AMS 4914,4922, DAT15G
(1000 and over) (965 and over) anti-age-hardening capability
Others 50Nb and 53.5Nb(super conductor), 55Ni (shape memory alloy), 56Ni (super elasticity), TiAl, Ti, Al (metal compounds, heat resistance)
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1. STA: Solution Treatment-Aging ST : Solution Treatment

* 2. Figure may depend on standard, shape of product, process and heat treatment.

IMPORTANT NOTE

Please be advised that Daido Steel shall not be held responsible for damage caused by misunderstanding or improper use of the technical

information contained in this brochure.

The contents of this brochure may be subject to change without notice. Please inquire of related department for the latest information.
No portion of this brochure may be reproduced without the express permission of Daido Steel.






