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Figure 4.2—Influence of Carbon Content on the
Maximum Hardness of As-Quenched Carbon and
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Type UNS’E‘%? C Mn Si Cr Ni \% W MO Co
mE B (@ & 7 o 1 & 5% I
Water-Hardening { 7#’@ =)
T72301 0.70-1.05 [0.10-0.40 0.10-0.40 |0.15 max 0.20 max 0.10 max 0.15max 0.10 max _
w2 T72302 0.85-1.50 [0.10-0.40 0.10-0.40 |0.15 max 0.20 max 0.15-0.35 |0.15 max 0.10 max _
W5 T72305 1.05-1.15 |0.10-0.40 0.10-0.40 |0.40-0.60 0.20 max 0.10 max 0.15 max 0.10 max _

Shock-Resisting ( $ufEEE )




Type |UNSE |C Mn Si Cr Ni \% W MO Co
mEO w8 (A woo @
S1 T41901  |0.40-0.55 |0.10-0.40 0.15-1.20 |1.00-1.80  [0.30 max  |0.15-3.00 |1.50-3.00 |0.50 max _
S2 T41902  |0.40-0.55 |0.30-0.50 0.90-1.20 _ 0.30 max.  [0.50 max _ 0.30-0.60 _
S5 T41905 |0.50-0.65 |0.60.1.00 1.75-2.25 |0.35 max _ 0.35 max. _ 0.20-1.35 _
S6 T41906  |0.40-0.50 |1.20-1.50 2.00-2.50 |1.20-1.50 _ 0.20- 0.40 _ 0.30-0.50 _
S7 T41907  |0.45-0.55 |0.20.0.80 0.20-1.00 |3.00-3.50 _ 0.20-0.30C _ 1.30-1.80 _
Cold-Work:Oil-Hardening (‘Jﬁf‘E: iErFElf"‘)
01 T31501 |0.85-1.00 |1.00-1.40 0.50max 0.40-0.60  |0.30max  |0.30max  |0.40-0.60 _ _
02 T31502 |0.85-0.95 |1.40-1.80 0.50max.  |0.35max 0.30max  [0.30max _ 0.30max _
06" T31506 |1.25-1.55 |0.30-1.10 0.55-1.50  |0.30max 0.30max _ _ 0.20-0.30 _
07 T31507 |1.10-1.30  |1.00 max 0.60max.  |0.35-0.85 |0.30max  |1.00-2.00 1.00-2.00 |0.30max _
Cold-work:Medium-Alloy,Air-Hardening <1$Jf‘e: F[l%“-ﬁ—]@ . gb’ﬁ’@f“*)
A2 T30102  |0.95-1.05 |1.00max 0.50max |4.75-5.50  [0.30 max  |0.15-0.50 _ 0.90-1.40 _
A3 T30103  |1.20-1.30 |0.40-0.60 0.50 max |4.75-5.50  [0.30 max  |0.80-1.40 _ 0.90-1.40 _
A4 T30104  |0.95-1.05 |1.80-2.20 0.50 max |0.90-2.20  |0.30 max _ _ 0.90-1.40 _
AB T30106  |0.65-0.75 |1.80-2.50 0.50 max [0.90-1.20  |0.30 max _ _ 0.90-1.40 _
A7 T30107  |2.00-2.85 [0.80 max 0.50 max |5.00-5.75  [0.30 max  |3.90-5.15 [0.50-1.50 |0.90-1.40 _
A8 T30108 |0.50-0.60  [0.50 max 0.75-1.10 |4.75-5.50  |0.30 max _ 1.00-1.50 |1.15-1.65 _
A9 T30109  |0.45-0.55 [0.50 max 0.95-1.15 |4.75-5.50 1.25-1.75 |0.80-1.40 _ 1.30-1.80 _
A10° 730110 |1.25-1.50 |1.60-2.10 1.00-1.50 _ 1.55-2.05 _ _ 1.25-1.75 _
Cold-work:High-Carbon,High-Chromium (Yﬁ =% ﬁgjﬁb—é - ﬁ,ljé,:"lgl N
D2 T30402 1.40-1.60 |0.60 max 11.00-13.00 |0.30 max 1.10 max _ 0.70-1.20 1.00max _
D3 T30403 2.00-2.35 [0.60 max 0.60 max 11.00-13.50 {0.30 max 1.00 max 1.00 max _ _
D4 T30404 2.05-2.40 [0.60 max 0.60 max 11.00-13.00 {0.30 max 1.00 max _ 0.70-1.20 _
D5 T30405 1.40-1.60 |0.60 max 0.60 max  [11.00-13.00 [0.30 max  [1.00 max _ 0.70-1.20 |2.50-3.50
D7 T30407 2.15-250 |0.60 max 0.60 max  [11.50-13.50 [0.30 max  |3.80-4.40 _ 0.70-1.20 _
Hot-work:charomium (&(e: %)

H10 T20810  |0.35-0.45 |0.25-0.70 0.80-1.20 |3.00-3.75 0.30 max  |0.25-0.75 _ 2.00-3.00 _
H11 T20811 0.33-0.43 |0.20-0.50 0.80-1.20 |4.75-5.50 0.30 max  |0.30-0.60 _ 1.10-1.60 _
H12 T20812 0.30-0.40 |0.20-0.50 0.80-1.20 |4.75-5.50 0.30max [0.50 max  [1.00-1.70  |1.25-1.75 _
H13 T20813 0.30-0.45 |0.20-0.50 0.80-1.20 |4.75-5.50 0.30 max  |0.80-1.20 _ 1.10-1.75 _
H14 T20814  |0.35-0.45 |0.20-0.50 0.80-1.20 |4.75-5.50 0.30 max _ 4.00-5.25 _ _
H19 T20819 0.32-0.45 |0.20-0.50 0.20-0.50 |4.00-4.75 0.30max 1.75-2.20 |3.75-4.50 |0.30-0.55 _




Type |UNSE |C Mn Si Cr Ni Y% W MO Co
- o A
Hot-Work:Tungsten (ZY&: &)
H21 T20821  |0.26-0.36 |0.15-0.40 0.15-0.50 |[3.00-3.75  [0.30 max  |0.30-0.60  |8.50-10.00 _ _
H22 T20822  |0.30-0.40 |0.15-0.40 0.15-0.40 |[1.75-3.75  [0.30 max  |0.25-0.50  |10.00-11.75 _ _
H23 T20823  |0.25-0.35 |0.15-0.40 0.15-0.60 [11.00-12.75 [0.30 max |0.75-1.25  |11.00-12.75 _ _
H24 T20824  |0.42.-0.53 |0.15-0.40 0.15-0.60 [2.50-3.50  [0.30 max  |0.40-0.60  |14.00-16.00 _ _
H25 T20825 |0.22-0.32 |0.15-0.40 0.15-0.40 |[3.75-450  [0.30 max  |0.40-0.60  |14.00-16.00 _ _
H26 T20526  |0.45-0.55 |0.15-0.40 0.15-0.40 |[3.75-450  [0.30 max  |0.75-1.25  |17.25-19.00 _ _
Hot-Work:Molybdenum (&[e: &)
H42 T20842  |0.55-0.70 |0.15-0.40 _ 375450 |0.30max |1.75-2.20 |5.50-6.75 |4.50-5.50 B
High-Seepd:Tungsten <f$,'J§Hi TER)
T1 T12001  |0.65-0.80 |0.10-0.40 0.20-0.40 |[3.75-4.00  [0.30 max  [0.90-1.30  [17.25-18.75 _ _
T2 T12002  |0.80-0.90 |0.20-0.40 0.20-0.40 |[3.75-450  [0.30 max  [1.80-2.40 |17.50-19.00 |1.00 max _
T4 T12004  |0.70-0.80 |0.10-0.40 0.20-0.40 |3.75-450  [0.30 max  [0.80-1.20  |17.50-19.00 |0.40-1.00 |4.75-5.75
T5 T12005  |0.75-0.85 |0.20-0.40 0.20-0.40 |3.75-5.00  [0.30 max  [1.80-2.40 |17.50-19.00 |0.50-1.25 |7.00-9.50
T6 T12006  |0.75-0.85 |0.20-0.40 0.20-0.40 |4.00-4.75  [0.30 max |1.50-2.10 |18.50-21.00 |0.40-1.00 |11.00-13.00
T8 T12008  |0.75-0.85 |0.20-0.40 0.20-0.40 |3.75-450  [0.30 max  [1.80-2.40 |13.25-14.75 |0.40-1.00 |4.25-5.75
T15 T12015  |1.50-1.60 |0.15-0.40 0.15-0.40 |3.75-5.00  [0.30 max  |4.50-5.25 |11.75-13.00 |1.00 max |4.75-5.25
High-Speed:Molybdenum (fﬁ;’ﬁ@ D ED
M1 T11301  |0.78-0.88 |0.15-0.40 0.20-0.50 |3.50-4.00  [0.30 max  [1.00-1.35 |1.40-2.10 [8.20-9.20 _
M2 T11302  |0.78-0.88 |0.15-0.40 0.20-0.45 |3.75-450  [0.30 max |1.75-2.20 |5.50-6.75 |4.50-5.50 _
0.95-1.05
M3 T11313  |1.00-1.10 |0.15-0.40 0.20-0.45 |3.75-450  [0.30 max [2.25-2.75 |5.00-6.75 |4.75-6.50 _
Classl
M4 T11304  |1.25-1.40 |0.15-0.40 0.20-0.45 |[3.75-4.75  [0.30 max [3.75-4.50 |5.25-6.50 |4.25-5.50 |11.00-13.00
M6 T11306  |0.75-0.85 |0.15-0.40 0.20-0.45 |3.75-450  [0.30 max  [1.30-1.70 |3.75-4.75 |4.50-5.50 _
M7 T11307  |0.97-1.05 |0.15-0.40 0.20-0.55 |3.75-4.00  [0.30 max [1.75-2.25 |1.40-2.10 [8.20-9.20 _
M10 T11310  |0.84-0.94 |0.10-0.40 0.20-0.45 |[3.75-450  [0.30 max  |1.80-2.20 _ 7.75-8.50 _
0.95-1.05
M30 T11330  |0.75-0.85 |0.15-0.40 0.20-0.45 |3.50-4.25  [0.30 max  [1.00-1.40 |1.30-2.30 |7.75-9.00 |4.50-5.50
M33 T11333  |0.85-0.92 |0.15-0.40 0.15-0.50 |3.50-4.00  [0.30 max  [1.00-1.35 |1.30-2.10 [9.00-10.00|7.75-8.75




Type |[UNSE |C Mn Si Cr Ni \ w MO Co
wEOE w8 W 5 i 5 5
M34 T11334  |0.85-0.92 |0.15-0.40 0.20-0.45 |(3.50-4.00  |0.30 max [1.90-2.30 [1.40-2.10 |7.75-9.20 |7.75-8.75
M36 T11336  |0.80-0.90 |0.15-0.40 0.20-0.45 |(3.75-450  |0.30 max [1.75-2.25 |5.50-6.50 |4.50-5.50 |7.75-8.75
M41 T11341  |1.05-1.15 |0.20-0.60 0.15-0.50 |(3.75-4.50 |0.30 max [1.75-2.25 |6.25-7.00 |3.25-4.25 |4.75-5.75
M42 T11342  |1.05-1.15 |0.15-0.40 0.15-0.65 |[3.50-4.25  |0.30 max [0.95-1.35 [1.15-1.85 |9.00-10.00|7.75-8.75
M43 T11343  |1.15-1.25 |0.20-0.40 0.15-0.65 |[3.50-4.25  |0.30 max |1.50-1.75 [2.25-3.00 |7.50-8.50 |7.75-8.75
M44 T11344  |1.10-1.20 |0.20-0.40 0.30-0.55 |[4.00-4.75  |0.30 max |1.85-2.20 |5.00-5.75 |6.00-7.00 |11.00-12.00
M46 T11346  |1.22-1.30 |0.20-0.40 0.40-0.65 |[3.70-4.20  |0.30 max [3.00-3.30 [1.90-2.20 |8.00-8.50 |7.80-8.80
M47 T11347  |1.05-1.15 |0.15-0.40 0.20-0.45 |(3.50-4.00 |0.30 max [1.15-1.35 [1.30-1.80 |9.25-10.00|4.75-5.25
Mold (f8Ls')
P2 T51602  |0.10 max |0.10-0.40 0.10-0.40 |0.75-1.25  |0.10.0.50 _ _ 0.15-0.40 _
P3 T51603  |0.10max. |0.20-0.60 0.40max. |0.40-0.75  |1.00-1.50 _ _ 0.40-1.00 _
P4 T51604  |0.12 max |0.20-0.60 0.10-0.40 |4.00-5.25 _ _ _ 0.40-1.00 _
P5 T51605 0.10 max |0.20-0.60 0.40 max [2.00-2.50 0.35 max _ _ _ _
P6 T51606  |0.05-0.15 |0.35-0.70 0.10-0.40 |[1.25-1.75  |3.25-3.75 _ _ _ _
P20 T51620  |0.28-0.40 |0.20-0.60 0.20-0.80 |1.40-2.00 _ _ _ 0.30-0.55 _
p21° T51621  |0.18-0.22 |0.20-0.60 0.20-0.40 [0.20-0.30  |3.90-4.25 _ _ _(Note d) _
Special-Purpose (fl—\*j’ﬂzE'Ja‘@>
L2 T61202 |0.45-1.00 |0.10-0.90 0.50 max  |0.70-1.20 _ 0.10-0.30 _ 0.25 max _
L6 T61206 |0.65-0.75 |0.25-0.80 0.50max.  |0.60 1.25-2.00 [0.20-0.30° 0.50max.
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SHOCK-RESISTING TOOL STEELS ( HiufEFe— 2841 )
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WELDING PROCEDURE SPECIFICATION (WPS)

Identification D2 Edge Repairs

Date _Sept 29, 1998 Revision 10-96
Company name 100l and Die Welding, Inc. :
Supporting PQR no.(s) A and 3B Type- Manual () Semi-Automatic { )
Welding process(es) Machine ( ) * Automatic { )
Backing: Yes{ ) No (s/i ) .

Backing material (type) ———= ' i b 5'(
MateriST number—z-_- Gro _ﬁéL To material number DZ‘— Grou teel

u
Material spec. type and grade AlS] FsAE D2 To material spec. type and grade AlSI /.‘%AE D2
Base metal thickness range: Greo7e lﬂ_gZM)F)H&
Deposited weld metal thickness range 1/8 in. (32 nim)

Filler metal F no. e A no. N. A.

Spec. no. YS) AlSl D2 Flux tradename _N.A.__

Electrode-flux {Class) e — Type

Consumable insert: Yes( ) No {J] : " Classifications _M..A..__
514 7 Shape

Position(s) of joint Flat : ¥ Size N. A-

Ferrite number (when reqd.) M

Welding progression: Up () Down { e
A GAS:

PREHEAT:

o Wi F s ; o o
Preheat temp., min 950 Fo i “ -  Shielding gasles) AMQG._'___
Interpass temp., max 950 °F — 1050 F - Percent composition _IQQ/E_._
(continuous or special heating, where ealr. . - Flow rate . 20 CFH
applicable, should be recorded) rccfmufatf T N A
) yP\, W@,? Root shielding gas
POSTWELD HEAT TREATMENT: - . ‘=~ Trailing gas composition N. A.
Temperature rangeD uble T 1 ’ 0° Fraiting gas flow rate

Time range oak at 1 hr perlnch’ L ickness.. Hardness after tempening 56 55 HRC.
Tungsten electrode, type and size W&(ML%
Mode of metal transfer for GMAW Shoq.fcjt:guiting () Globular () Spray ( )
Electrode wire feed speed ran 0} ey
Stringer bead () \Q{é’aye‘ﬁéd > ) Peening: Yes(J) No( )
Oscillation TRy

Standoff distance *‘ 2 9 "‘_ 4 Material rﬁparat."on remove fé‘t:‘gucd
Multiple ( ) or single électrode ( ) metal, gn”d chamfer or"J groove.
Other : TR Avoid sharp corners.
P arily, )
:é,;vj‘ I.‘ : o 8 “I.-‘ ’."-.. rl Curfent
Travel
Weid GiE T i Type & Amp Volt speed
layer(s) Process Class Dia. polarity range range range
1 GTAW AJ’S.' D2 116 in. DCEN  60-90 NOTE: Allow approxi-
2 " i " mately 2 mm excess
weld metal buildup for
5 n n " " " ‘ f '
finish grinding.
To be si fd b
Approved for production by rgsponﬁg mgnager

Figure 4.5—Sample of Repair Weld Procedure Specification (WPS)
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Filler Metal Categories. (5 [x V)
H RS T SRS O W5 K S (W R
(1) AlISI standard tool steels (AISI AE¥E " 2 &ifo)
(2) Low-alloy steels ([ 7 & &417)
(3) Special purpose joining and underlay materials (£ 7K 3 . g bf@ﬁ‘ﬁﬂ)

AISI RS 2SS Gl Fire F poZiiAh Sl SCERER o & 7 OIRYE VLR T SIS o e
PR BN P s o 4.4 pEIEHT LY AISES Eféﬁﬁﬁ&ﬂfﬁbﬂ%ﬂ%ﬁiﬁ VT o G
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Fﬁz”z;lt“qfﬁy AEVE AW BEUS IR O PR A T RTINS P S SR S T 5
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Filler Metal Forms. (/& {%#=%)

trrlﬁﬁﬂ&mu PSRRI AR T AR S SR R | s ;'M%Euj [F' [ NEIEY
45) o Tl TR AVE) © SMAW ML BURPR 5 S
o BRI SRR Fdl— RS ER = ﬁl[ﬂ ﬂJ &Ry ) Eif g‘l“ﬁﬁ?ﬂﬁlﬁﬁ_ﬁﬁlﬁﬂg_ﬁ]&?” ) [P
FY P BRI s A ] o B S R i AT I

e A5 EF RIS T SRS RPN L PR
Filler Welding Process
Metal (M)
TypelAIS F"#"‘E i coX izl
) *
W1,W2
S7

01,06
A2

D2
H12
H13
H19
M1
M2

T1
P20

(AWS o SRR AP 4 1)

X X X X X X X X X X X
XX X X X X X X X X XX
XX X X X X X X X X XX

X X
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Preparation For Welding (‘53 =)
=i A It AN e I L= | RV 2] R Lol S VA S R VG T = = 8 Sy
bpuj-@{ﬁﬂ: I/fE'I%f’EH%‘r ° —Jﬁ"ﬂ-l A F, JEL;%'J;@E-J}

Undercutting and Surface Preparation. (TP T )

e dnikic o w%WﬁW?ﬁ”@ﬂb%@Wﬂﬂ%ﬁﬁéﬁw o%m¢
BV 2 SEHE ] 14 e (6 mm) w45 b FEf o SHESPOTEPI o ISR
LA jf;jgfﬁ%@ (BRI 4.6 [ 4.7)

Ng

(AR 75 By I

[ 4.6—FRISEI L 2 PR
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TS (S o Q8  MERURIIT R R EARIAOATR] > O A2 5 M-2 -

T SR > HAT TS 2R o TR A o S O (S
T & oo™ SIAVE I o B pUAYRE S ’E{ fkﬁ[[ﬁ“fﬁﬁ %EH\ ﬂlF’*—”EEHﬁ*E'
BB = FERRAPTE OGP SRR g
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Designation ( ¥/ ) SAE Designation ( SAE FAH 7
Unalloyed Grey Iron <E’EF¢[§, [ 1) J431/G2500
Alloyed Grey Iron ( £ & [*7j[ 155) J431/G3500
Unalloyed Ferritic ( Nodular ) Iron <:J|E A ENIE N Vﬂj\gl“%> J434/D4512
Alloyed Pearlitic ( Nodular) Iron <F'“ S =N j*«gl SR ) J434/D5506

‘*ﬁi
i

~ T

S SHFERL e 53 MR I (SR 0 T S SR < SRy
?ﬁﬁﬁﬁwvfﬁ@ﬁﬁw'ﬂ%kﬁ*mwwaﬁﬁﬁ04ﬁwJ I R S S
PIIF{;[E ﬁg;:‘niﬂ@jrtﬁ[ SRl AT J;QLEFU

AT ST S SRR A - S T R [ B R 1
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IR S S B T TR TG R < RS DI
© SR < E AR ELR A © R RS R
O[S S R B (B 5 5 & RS I L e
S S T AR I O e et U 4 R
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SRRk (kL P FERES L SN B D LS R IR R I RRCE R R
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Welding Techniques (%53 5)
e ey e L TP e P C S e b A AR S LG L R ] T
IR (D R T -

Filler Material Selection. (3EEEE)

AV o H R R« T A A (MR SRR IR RS A o
Workpiece Positioning. ( = [k )

T (ETRTIEI SRR > 7N I Sl G DR S RS Sl RS D ) B RG ©  AREAET
15 _FRIPFC T R TR -
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Bead Formation. (F3E55E])
R S TSR A SR Sy LR U & B S [ o B ORI ~ S
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TR~ SR S R b ) SR INR 48 (B) [l » S )
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Interpass Temperature. {( '@HEREVR )
oA A VR e PSR AN IS S TS 2 T S PR - F ﬁ’?ﬁ%&"@ﬁwﬁ
@TE%QLWﬁ@@vWW2®BW$%t**T ,wﬂw%ﬂgrﬁﬁingwwﬂ

—&

%ﬁl[ﬁj/ 'grgg °
Ho47 R SN EOTER U RS R
w3V SR V5
1E] TRE TR AR B @ﬁiﬁ? FEWE EPE VIR *E#%Eiffﬁlc@
°F (°C) ® HRC °F (°C) ? °F (°C) HRC
W1,W2 ’J‘FEI = 250-450 (121-232) 50-64 250-450 (121-232) 350-650 (177-343) 56-62
S1 PEER 300-500 (149-260) 40-58 300-500 (149-260) 400-1200 52-56
(204-649)

S5 PREER 300-500 (149-260) 50-60 300-500 (149-260) 350-800 (177-426) 52-56

S7 PR 300-500 (149-260) 47-58 300-500 (149-260) 400-1100° (204-621) 52-56

01 ?El-’]iEI = 300-400 (149-204) 57-62 300-400 (149-204) 350-500 (177-260) 56-61

06 ?El—’ﬁ{l ™ 300-400 (149-204) 58-63 300-400 (149-204) 350-600 (177-316) 56-61

A2 FRAF( 3004400 (149-204) 57-62 300-400 (149-204) 350-1000 (177-538) 56-61

A4 ZI?”;?&—’FEII'“‘ 300-400 (149-204) 54-62 300-400 (149-204)350-800d (177-426) 60-62

D2 3&'?&-@ [~ 700-900 (371-482) 54-61 700-900 (371-482) 400-1000" (204-538 ) 58-60

H12,H13, &i(= 700-1000 (371-538) 38-56 700-1000 1000-1200° 46-54

H19 (371-538) (538-649)

M1 ﬁfjﬁ 950-1050 (510-566) 60-65 950-1050 1000-1100° 60-63
(510-566 ) (538-593)

M2 fé,’ﬁﬂi 950-1050 (510-566) 60-65 950-1050 1000-1100" 60-63
(510-566 ) (538-593)

M10 FJ,'JS,E 950-1050 (510-566) 60-65 950-1050 1000-1100° 60-63
(510-566 ) (538-593)

T1,T2,T4 ﬁfjﬁ 950-1050 (510-566) 60-66 950-1050 1000-1100° 61-64
(510-566 ) (538-593)

P20 MuESMTT  800-1000 (426-538) 28-42 800-1000  900-1100 (480-595) 28-37
(426-538)

a. HEE D Filler Metal (ZBf5%) W& i psvEly
b. R A 2 A

C. BRI VY L R R I Al sk
d. %E[[PI‘}'
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Peening (&™)
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|ERIREIE
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Jre b= SR AT ’EA’E;?‘J”T%JFVH kAT AU

Large Build-Ups and Underlayments. (*E'l*ﬁﬁi‘rﬁﬁhwﬁk’?@ﬁw

S PR oD - Efﬁ?frﬁéf%mt‘ﬂ TR ORA o ARRR - RO
t CARRARPIRE CAIERNTEES T E S = MU S E,L ﬂ M~ PRIV RS ’Eﬁ’@['l%hﬁ%ﬁ?

oo B F[J%UEIJﬁ’FT{[Fm&FE'}%éF- o7 HL%J;; ek I }Elﬁmgﬁﬂ%ﬁfﬂ_ﬂpﬁ@#ﬁ PR EIE o YR
B S QR S R AR T

P o

E[”’M”Eﬁﬂ WA > fReRLpor SR58 IR o MR AR N S S SR A 0 F
BRE T R T S YA B e 2 PSRRI

TR AR TR G T 0 LR Y o [0 e g e S TR o YR -
WP Y 0™ LV o AR i e S £ 1RSSR 8 i -
S PR g %ﬂimﬂﬁfigmo

Postweld Heat Treatment (/& & VEGE)

R ['; ﬁ}zirHﬂJ_' E! igé[ﬂ”iﬁ‘ E[LE ffz‘f{t ° I/’L?L“Fu%ﬁ]fﬁ[ﬁl’ﬁﬂ E'Fifji’E rj:-r = I: IH |&.|% F l:
RCE Vi@ = B (X7 o R 4T (RS AN RIRVE ARV - g mE A &'JD
BRI R AL A & T S

PN g A S RO AR ST R < S s e S
Iﬂﬁgglf‘ @ :L}‘ ’ I ;[§ D\[ W J:F}Jjj/\]‘gr,&l&_[‘ﬂl s ﬁ%ﬁ[ﬂj ?ﬁd , Fﬁifi){'lﬁ blﬂl,‘al‘:?‘f—ét{@(ﬂ I”
& PR TRIFE A o

u\\

Slow-Cooling (#2874l

}'EI}%‘L,[’E L-—r r'}:ZEF]I/SLI Jw\[ﬁ?j{ [I/L-,[ FFF J‘—f E_' , i ;f‘):ZEF
Hifl Mfwﬁﬁﬁ%ﬁuw LR
o SR AR R R -

| BRI AlIE[#T 150°F(65°C) -
71 IH?E P&‘IF’*‘* IS AN 3 < el P
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Tempering. ([a"'F )

[pit f i A5 i BN W e ABE S o SRR A A B IR R AR £ e ] o 2T
THBEF™ S TIVERRUEE o W@wc,fﬁéﬁﬂﬁﬂ*'1W$ PR - PR TR (24
SygImm ) ORI B PG [l o Tl o T S bR IR Al A

COMPOSITE FABRICATION (T‘ETF—]Z' =)

SR o B TR (5 £ & S TR R e ST S SR TR U S
T IRERE ARG T S o [ 4.9 [ [af?ﬂ{* STRVELRY] o

Fl— £ %LHL VE|— A SYERYT (RN N PR~ PEERAVS S o bl (R Eﬁi‘ﬁﬂ‘%’ﬁl'“‘ )
m%@@%,ﬁﬁaﬁ F' FIBs A= ﬁ&é’?ﬁ = ’b)fgg E JE"“‘ *l L—.ﬁl“‘ FIJ’EI ﬂ[k’ﬂFL 2% EAB
17 F/\[j STFHE 3%? IJJEr & [ [i=% {S=FE IL @éﬁé‘ El H

AR o O e SRR e SN i e W

RS R FeRvEs o SR SF AR R I T IR %%’E"ﬂ‘@iﬁ@ﬁ@a’fﬂﬁ“’l IRt
W= Ry o

RO JRAE T S R IR T TR B R AR T R S SR - IR
F%?r%ﬁ E ERIHED 'Ffﬂ SR TR A
Base Metal {=/#1)

BT S RS ) b AR S B TR ORSRALE - R - i

Fw— (FEGE R TEARERAS £ o @1 SSHEER AN B AR R« TR FSSPl oy s
O SR S R STl o

éﬁ’]‘b[%ﬁ ,éﬁﬁf[ S jj/\—f\ifk[ 53 H] /H{I—{ +rﬂ e E" fiﬁ ISR IEIF' , R F'lﬁ'pl - I:%/;[iﬁl'@_'\ ;_r-EJ
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F”T k3 FLJFL\ S ST AT - [:;EFL\ > 2 FF T F'[ L’K[Hﬁ i ff zz‘ﬂ.zgfﬂr‘gli@%ﬁqj_%,w .

Filler Metal Selection for Composite Fabrication (Z&H 57 2 VER)
EUPVE S S R AT S T (SRR [ek o lﬁ_ﬁﬂﬁ; Skt N E T o Sl B
PR AR UF&F‘/F'J LRPEI o

FE l[r FU[ TTVY:;\jjAF;/[}E]% Ilﬁflﬁ[b sl ﬁFZ:FIF[J EJT/LLJ ’ﬁjﬁﬁ'lfﬁﬁ%i* R

Groove Design (& fIZF)

W PRI e 0 2 7 SRR IAVE VAR A o [ 4.20 SR O ST TR A
PO ~ 3 BN AR ~ U B BT gl - =07 El«”yﬁﬁuﬁ SR > B R P PR SR
AR [ E ek {2y 517 R P E RTINS B ol VSR o SRR EJIEB“ FIEEL 18 U
(32 mm) o R R IR R EESSREES TR T -
MR IR AU SRS S E kLSRN ROE 18 B (3.2 mm ) AEA o TpRE D T L S
SR R T S TR R J ENgfer o St iRl SRS > Sy
e VARFI S LBV R

D) FHEg

(CUTRES
[ 4.10 — FFIETES = 21 19 SR
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ZE‘% PRI NS L R T SRR Rl o i U YAV ER [ ﬂf[[ghg[
L B:;ﬁ<3zmm>¢ﬂ%fw¢ﬁ*ﬁaﬂt o SR | (L 5 IR £ A )
Y SRR B ISR H RS S R B kRS B & DE ) 18 e (3.2 mm) VR o %lﬁ

ﬁﬁ%ip £ SIS R P D SR S R AR o v i SIS S e

AR« BRI A I PR A 3 FEIT IV T RO

H>_o'“1

[

Preheat for Composite Fabrication (?51 A7 STRUEHEY)

(flr ] (ESBiRSRES l iibestA T (B BLUR S ﬁﬁg pz;:sm[gdt@ 200 % 400 °F (93 % 204 °C) - [l tHepfrfl]
TR ke S S T et S SR (T S S 1T o ety e R e B
S O = TR o BEOPEE] 600 = 700 °F (316 = 371°C) -

Welding Procedures (& *53-)
Jﬂﬁ‘PJ; WG T SRR AR ERER [ (SR A P A TR o IORTEL A T S VR R
R B S IR S AR T 1 S ORI
@4ﬂ¢#¢% W%”ﬁw@wuﬁw SPOFERPRIF > RIS T R 1 A
UEESSELES TR

SRS A TR YA TRE SRR A 5 T e ag B SRS R I R

POSTWELD HEAT TREATMENT (& 2w )

SUE) T SPSARIORE 6 T S R S R I I R A T S ek

o 'F)?P,[j» U%Z*’?E"KI % [mn J o
PRI & P [0 ~ I S TP B P ] -

FLASH AND FRICTION WELDING { ffj3k *5eeBiaisysl )

o SIS S a ] T S Eif B .’éﬁﬁﬁ¢‘%‘%‘,[‘lF‘ﬂ%’ﬁ"‘%’“ﬁ%ﬁl@%%“'% [JE&%F&F[ S

A7) o PR PSS I 7 AP R R g o (PRI A A - BRI e I ST P e AR

m&ufg,&mp[ﬁ{jxuf,y@qgjap[ VAR o R0 [ UE | TR AT ISEPRAL O Y 2 G 57 o ?i*“%?w]?"r[‘?{iﬁﬂﬁﬁ

’*"’El =W AF'%MTE'%%> o TSR TR O 1R (G B it Al o (U S
o [Fl PR A I R A S

BRAZING (#PE )

BASE METALS (=/#1)
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PSR O o ER 0 T I R ST S SR 5 BRI IRREE BRI S G - B 2
ST VIR = RITVHORE it (0.60 = 1.40% ) B o SEESRATHIIASIR T A &R o TS
FRIERE » (U DR PRI  omeff Ry ~ Bl 1 o b e i o (g
(1 SRR 7 fﬂ’ﬁﬂl RO B (E T S G LR SRR S SR o PR R P AR T S
SRR T BV R IR G ) R [ S R R ORI

7 SRRl = E'éﬁ‘fﬁi““w TR EIVROET 25 & 55 ST AVENT 13 o UM ~ S SRR
F i TIUPER ~ & 7 lﬁﬂ_‘téﬁ

I U A & L - o g o
,[\:f R VA 8 T SR A RS IR TR - R SR TR SO R R

FILLER METALS {(*&{%)
éﬁi LFELf F[Jf{ ;’ﬂ‘vi;}{jjf\%[éﬁ}{l'fj_' E“ﬁf'[‘ﬂ:k’/t'}i'*‘ UP/: “ﬁg#ﬁ H:F’?gﬁ VA % g"ﬁlﬁlﬁﬁv[l
~ R SRR STHVSRYS S R ([ ] o SEETE - AR TR TR R PO R

JOINT DESIGN (#] I%’?{‘)

= N E > PISEHE (butt joints) F 4R (lap joints) Tﬁﬁ‘*“ R A PN P B Al g A
i [m (] 45 0.0015 Hefif (0.038mm) o M By R J\EAF’?P.[ E']H% (I < S G
SRR SPEIRE o o B (R E‘fﬁi%”‘?fﬁl“'l'ﬁﬁﬁi ) AR AR (PR
s ; f@[ | EF!‘F[FJ <Eu%l

THICKNESS OF JOINT, mm

f 05 15 25 35 45 55 .65
EQUIPMENT (%‘[ﬁﬁ} B e %0 o
<y e 1J drf AL 5= A7, ct -\i E
ffﬁ }:E&,Eﬁ R B A e i SRS T SIS E 120 800 =
SEHEHCE R [P By om 3 t0of leso 2
FJ{E o = 2
= “ gof- %
o —500 w
‘U£J 60| 7]
-1350
SURFACE PREPARATION (13 P i
0 .003.006.009 .012.015.018.021.024 .027
=J ﬁ%r&[,ujﬁﬁggﬂ;mg-ﬁj iE' [P P THICKNESS OF JOINT, in.
'[fj qﬁ y [~ FaYq [}-El’yﬁ*’ms A *, - 4 7&'/\ ‘m;,\ﬂ__. o Il 1E>

ri@j jﬁ IJ%P[ l— j;tﬂg”jj /?hjbéﬁ}'E'F'J}‘E'["ﬁ"EJ
AL OB 1 A - PP S R R
AT RRLE P SEAUAT R

30



FLUXES AND ATMOSPHERES (?ﬁ@%’]”@ﬁ’ﬁ%)

= I > SRR T SR @ 0 | AWS I SRS S AA K 4B o SIS S g g
}'El:(JEIIHfl FJH"%A{ Fl[glcly‘?@nﬁj /j;ﬁj

TSR SR I S BUL I e = S S R R (T o (0 S S RO
I RIS B BRI T SRR e

BRAZING TECHNIQUES (&5 %)

{3 Ef%ﬁ’ﬂ‘ﬁﬁﬁl"&ﬁI’h‘ﬁél't[/F"Jﬁ%‘?ﬁl’h‘ﬁéftfﬁ [ 5 S Fshts! o SRS IOARI [ SpT G /7 1400
% 1500 °F (760 Z 816°C) VS[RI['| o ¥\ TRl (A VA E B il o [P EAOEERRENE s
TR EVECE ARl VAR o T SRR Hf 'ir“W%\‘?TU“*EJ’E' [“EVECENEVE [ B O BEEEE AT 6
B AR IR o PIPSERYE EREEAT 0N o SIRYN) o SRS SRS IR AT e S SR
e T * (iRl e e P e S R s .i 1700: 1800 °F (927 = 982 °C) [yl
[l SRS

T R RO SR o ™ IR B R (IR T B O 5 - SN mqfﬁ
IS RS | RE AR (F RIFOME 7 > PSR e BRSPS ™ OB £ 9 2 (e e SR
B & U Jmﬁ,fﬁfﬂg[ A g 2 B BR PP -

£ T S BRT  SE T IV HOR S R PURA  AE T L BRTORS ST AT A VT o PSR
f» o AT Tl Tl O R B ISR ‘éﬁﬁm o s AR R v R
SRS o SR RIS SRS (R R

-

SR T RRE R [ RN [ [N SRR SRS B L g -~ B
SCBESRIL @ B g T e ﬂwﬁ B A il PR - S IR - R el s
PHSEH R PR G ﬁ%ﬁ Ll’féjf IS RL IS PIBArIT Al PRI g e esias 2R ijgugﬁi {/pg\l TV
RS i A P (M PEERR R (R R IR iﬂ’**’ PR -

ﬁ'[i&j SR ART ™ SRR i R [P SRR o DI SATHE SRS IR [ ST TR
A #[ﬂ‘ J HAR fl& I i s o > [p! fﬂﬁlui 1000 = 1200 °F (538 = 649 °C> YR ERI S e
TP P pss RRL PR v bt 1150 °F <566 °C) VIR N ™ BAg-1 HY BAg-la EERSEE 5% -
ul’fﬁ SN Vﬁ[ﬁﬂ éﬁfjﬁ I’ [“#ﬁij:hﬂmﬂ 7 ,;A ;5';:5& U[H[ Joo
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REPAIR OF DIE-CASTING DIES (=g VX&)

P OGEL T [TRSE F P IR s IR DI BT 2 S B B S
Tl MR (SRS A AR E e [ T -

Background (F[§!)

== “ﬁ&’ﬁ{}ﬁébﬂﬁ EESEESE T PSP R AL SR R R TR S i T

7—1‘“ franls] o GREpIEET ] HL‘EE [RE 58 b A o [RIRABLS. 5 8 | BRI ERRS e I Bl iR
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l;sifgﬁ I i S -

| TR SET i WL A OB 557 O BRI & Y (e |1 S R [ S SR A s ot s
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Restoration Procedure ( (S5 )
PP gt B0 REMELE I AR pUISTRAE T o BLEURUA 1 AISIH-13 7 SUSRATERY » ¥ of
mvrﬂum48HRc BETRSLE St (RO 4.12 777 FOPREL A (9 + T 413 I Rt iR

5'5—1 S

[ 412 — S F R R
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(AISI P20 & D2 ~ £'Vixig)

= BT 7] P ST AISI P20 B9 AISI D2 7 SUEMFED T S!S LS g b o [ 410 BAF 15
SRR -

uﬁ@ﬁﬁ gy 7—{; VSR Tﬁqt-w?[ﬁ/ uf’??‘i’?'**p *E'}%m ’ 'ﬁﬁ‘éﬁ?ﬁﬁ%ﬂfﬂﬁﬂ b IR - T
TR S R ﬁ"ﬁ?ﬁél fjLr P 158 TR 5 R BRI 0k o b AL 2 PR SR R LIl W e 0 T P (]
'TEIU%T?% 0 TFE[@ ﬁjﬁﬂﬂﬁm‘ J‘J"EJ?W%‘%ET% "EJﬁLﬂ 'TFIUSFEB@ °

Preparation e

SRR Z [p) N PRI A P S L e = L%IP[@@W [ 3/16 i <5mm>
AT AT TR S+ SR [ S (R F RS R R oy s e
Preheat (&)

38



TR S P S T SO SEEE AR AOIE A, - S 4.12 BT AISI-P20 B AISI-D2 T S ERTRY
_F—[;:‘nijg_l[%'r K Yy lJiEl}%“lf[lSaegm;gj o TEH ﬂ“"[?ﬂ}d_k ) UFI”\\PI[E’H\%J i :FEZIW_—E Ji}‘lfﬁ ’]j{]q 7 _rmﬂ]'ﬁg.
SPRI TR RLE [ E R R P [ o ST 5 PR (RN A

Welding Processes (‘8§58
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Postheat (“E4FEvEEE)
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AISI-D2 900 482 M2/H19 900-950 482-510
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