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2.1 CMT MIG/MAG welding+techniques

2.1 RERTEMIGHE
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The wire buffer decouples the front and
rear wire-drives from one another and
ensures smooth wire travel.

The new tension-lever system in the
welding torch ensures constant and
reproducible contact pressure.




® By altering the duration of the CMT short circuit p ﬁtion can be
controlled.

welding cycle but also changes the frequency arcing phase which

® Adjustment to this parameter not only alters tr:g /cold phase of the
further influences the amount of thermal in nsferred to the

workpiece.

® Anincrease in this parameter from ~Q}IO ms results in a reduction in
penetration of ~40%. 6Q/
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welding allows for greater material deposition and
increased penetration with the result thatthicker
material sections can be welded th t is possible
with CMT welding alone. S

® Combining CMT welding with conventionalpﬁd

® |f greater current were to be cﬂed during the arcing
phase of the welding cycle er peak current and/or
applied current duration ontrolled droplet
detachment could resu@

® Introduce curren pé’lpgés into the CMT arcing phase
during which d

t detachment occurs in a controlled
manner.

©Dr. Lin Sanbao, http:/iweld hit.edu.cni~arc , /15

a 20 pulses/6 CMT short circuits; b 20 pulses/4 CMT short circuits; ¢ 20 pulses/2 CMT
short circuits. In increasing the short circuits, thermal input is reduced resulting in
shallower penetration.
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Butt-weld, without weld-
pool backing support, on 0.8
mm AlMg3 sheet.
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® CMT Advanced stands for deposition rates that ¢an be
exactly adjusted by way of positive and negative process
cycles.

® Polarity reversal takes place in the short-circuiting phase,
which is what ensures the accustomed process stability of
CMT.

® What is more, CMT Advance@ stands out for its carefully
targeted thermal input, higher deposition rate with no
increase in heat inputyand minimal distortion.

® Used for CMT pinMall,printing, cladding, etc.

To join this tubesséctioh, a component in a vehicle air-conditioning system, Bernd
Russ uses the infovative, automatable CMT Pulse-Mix process rather than
labourintensive TIG welding.
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2.2 Variable Polarity AC MIG welding techniques

2.2 IR ERRMIGHE
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® In AC pulsed MIG/MAG welding, the process is operated on

electrode negative polarity for a proportion of the pulse cycle.

® \When operated on negative polarity, solidiwires melt at a faster
rate than on electrode positive polafity, but the process is

unstable in DC operation.

® Stable operation has been mage possible employing inverter
power sources with veryirapid response times. This gives a
rapid transition intd,negative polarity operation, and so the arc

does not extinguish‘as the current approaches zero.
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® The key characteristics of this process variant are:

m» Independent control of wire feed speed ahd heat input

=i
x

= Lower heat input

&

= Higher deposition rate at same mean'welding current

tn
B

m Gap bridging, Control of dilution

m Distortion is reduced and afso*fume levels are claimed to be
lower.

= T/EE0.8MMER, BEEMEE. & DC pulsed MIG

= Typical applications include automotive door panels, O AC Pulsed MIG, 10% EN
motorcycle chassis and aluminium window frames in thin AAC Pulsed MIG, 20% EN

sheet aluminitm.
HAC Pulsed MIG, 30% EN

Wire Feed Spaed, mimin
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® The effect is to increase the burn-off rate for a given'mean o BN, AFERER.

welding current, This makes it possible to tolerate large o EENIRE SIS, EAEE T T A R B
R, B TEEIINIR.

o JEMAMINE, BEBE/ATERERE, ANEERET
SRERARTET, Wb T RO

variations in fit-up.

® Alternatively, the welding current can be reduced for the same

deposition rate, so lowering the/fieat input.

® Itis possible to control the dilution with the base material by
adjusting the proportion,of‘electronegative current and hence o RIMANFE, JEE IR

burn-off rate, and £he process shows some potential for o K E AN B AT . SR R L IR
» IR R T SR, B T AR

surfacing applications.
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2.3 MIG Brazing

2.3 MIGERER
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® Pure argon is the shielding gas most often usediin MIG

brazing. IS

® Mixed gases with an active component(of up to 1 % CO2 o JRit “HTHE” (RTELTr M SIMAARR) AT ERERR, B R F IR
or oxygen, for example, are advantageous for a large LAERTTT RS TR R
number of applications. o BETHARNAREREEER, BANORRILD, FRETE

I kEEHEN, Hi, RETRESARD, BREREART.
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2.4 Surface tension transfer technique

2.4 REFITEREAR
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From : Lincoln Electronic
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I%Qn 8in. x .375 in. wall APl 5L-X52 pipe, welded in 5G position.
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® This process requires the following technique: Thegﬁ'clock

position may require a drag angle of 45 degrees al eave side to

side. Between 2 and 6 o’clock, reposition the I%rode on the puddle
with a drag angle of 10 to 20 degrees in th&ection of travel. Stay on

top of the puddle while making the w@

® Between 4 and 6 o’clock, it ma): b@Qessary to weave side to side.

After a few practice joints, thé rator will find STT easy to use.

® In the 5G position, the o ’S(or must stay in the puddle. Experienced
pipe welders almos@a\ys find the process a welcome improvement,
both in ease of V\@g and comfort. They particularly appreciate the

reduction in

&
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er when welding in the 6 o’clock position.
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Cleveland, OH — Construction crews in China recently/eompleted that
country’s longest pipeline, the West-East Pipeline Project (WEPP). This
4,000-kilometer gas pipeline will link China’s eéénomic hub of
Shanghai to the Changqging gas field in northwest China. The project,
completed with Lincoln Electric’ STT®)y(SUrface Tension Transfer®)
welding equipment, will play a key.fele in supplying energy to east and

central China, as well as aidinggin,the development of west China.

©Dr. Lin Sanbao, http:/iweld.hit.edu.cni-arc , /29

2.5 Tandem MIG/MAG welding techniques

2.5 W4 GNAWEEH AR

©Dr. Lin Sanbao, http:/iweld hit.edu.cni~arc , /1
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Twin welding (one feeding unit):

m Two wires are fed by the same feeding unit.Both wires have
the same potential and are connected testh& same power

source.
Twin welding (two feeding units):
= Two wires are fed by each one, feeding unit. Both wires have
the same potential and arexconnected to the same power
source.
Tandem welding (fwo.feeding units and two power
sources):
m Two wires dre fed by each one feeding unit. The wires are
connected.to each one power source, and the wires are
electrically insulated from one another in the welding gun.

©Dr. Lin Sanbao, http:/iweld hit.edu.cni-arc , /3
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BEARR PRI L% —E N A EBE— M BT E, B
WIRL R % B IR, FraKNSET s, X
FERT DA A e i v

T Tandem S22, WERVIBLERERTEN, RIEFHHE
WZAEATIR, PIRIRL T AR Rk SRR 44 (0 ko e
IREHATIRE, b - R AL TS M4k PSR B PR R B ik s
RRE.

TANDEM T Z7E R EBR EH & B K& SR RNEM B
REBREIVENRETZ.,
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BB LPPESHTREMRE, MR, B2 RN
THWE", TR, [KAEM. RN, S5 5HER
pz

BIRIR L NINITE HFFH BRI BB A SEBRARIBER, X
KR E BTN

EE2-3mmEIRE, BEEETA6m/min, HE8mmU EE
WS, EBORRT L 24kg/hi IR L R% 2238 B T35 30m
/min ;

Farit B 75 R R B BRI B T e R R AR 5
TEIBR N, AR RE RGN, BB (BRABRR
XL IR BRI NG NBKI/cmA12KI/cm)

BT E, JARTERE, R

Comparison ef the travel speeds for the single/double-wire
applications
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—HI— BRI AR TR, R K,
AHIEREANR, Mt e R SR TR AR R A, S AL AR A
R T 58 koA G 22 3 B4 1R il B AL B B e
fi&s

WeL: 1B, BUSRTERIEN, 5L RERTY, HH
WL /E LT Bk,
B Ja 2277 AR R B
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The total cost per metre of a butt weld in 10mm plate was found to be 45% lower for a 2-pass
tandem weld compared with a 5-pass single wire weld. For a fillet weld in 10mm thick plate, the
total cost per metre of weld is reduced by26% compared with single wire MIG/MAG welding,
because of the increase in welding speed.

©Dr. Lin Sanbao, http:/iweld hit.edu.cni~arc , /17 ©Dr. Lin Sanbao, http:/iweld. hit.edu.cni-arc , /20

o HTEAREREEEE, FENBTEWRRA, ArelixihEg R ® Kveeerner Shipyard in Rostock, Germany
REAEDLES AT 38 LT LLSEB; = Butt weld will ESAB’s tandem welding system with/-LAF635. Filler

o NP EN AR L IRIELR, BAEHARENE A, BRFM material first wire PZR6105R/1.6 and PZR6405R/1.4 second wire.
B B TA 40 AR 3L SR AR S e 3 N, 4S8 iR EE A SE M Weld speed 2.5 m/min, weld parameters\650A/128V and 350A/23V.
&, HESERTZHET, BEHEREELERINER. Sheet thickness 5 mm.

o EMyuxX/MARE, TR . EshEEs . = The wire diameter is 1.4 mm\Tie weld travel is 120 cm/min.

©Dr. Lin Sanbao, http:/iweld hit.edu.cn/~arc , /18 ©Dr. Lin Sanbao, http:/iweld. hit.edu.cni-arc , /21

® Butt weld with 80% penetration (12mm plate,thickness
with no joint preparation). Travel speed 80,cm/min.
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&
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AlMg 3
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1,2mm
60 cm/min
360 A
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"
2.6 ColdArc and ForceAr¢
2.6 ColdArc and ForceArc
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® The modified short arc is regulated in the energy&qﬁe only
= New type of highly dynamic inverter switching 0
m Very fast digital process regulation e
= With standard torch 0‘9
® Drastic reduction of the power peal&ﬁ?re—ignition of the arc
® Significant reduction of the ha@ ut during the melting phase

&
<<°&

©Dr. Lin Sanbao, http:/iweld hit.edu.cni-arc , /3

® The following results from the nearly \A
powerless material transfer and the OQ
reduced heat feeding:

= Significant reduction in the panel (9@
thickness possible 0

m Extremely low spatter ’é’
= Excellent fissure bridgin Q/Q

= Seam geometry individ
influenceable \'

= Minimal materi iscartion

® Material is tra ed with the EWM-
coldArc® without mechanical support
of the wirerive unit, i.e. v, = const.

©Dr. Lin Sanbao, http:/iweld hit.edu.cni-arc , /4
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&ﬁ

® Aluminium/silicon alloys: AISi5  AISi 12
® Zinc/aluminium alloys: ZnAl 2 ZnAl 25

Q/

® Brazing of galvanised steel

® Mixed connections of galvani teel with aluminium,
welding on aluminium snd8 brazing on steel side

C,
&

)

©Dr. Lin Sanbao, http:/iweld hit.edu.cni~arc , /11

® For the first time, MIG brazing with a \*
new type of filler material based on OQ
zinc (Ty.-® 400° C, T,;® 900° C) is
possible: (7
= No damage to the zinc layer 0

e

= Excellent corrosion resistanceQ

= Minimum distortion
m Comparable strength t@i solder,

0.75 mm galvanised %
* Fillet weld omt 340 Mpa
¢ Butt wel

coIdArc brazing of galvanised
steel with zinc-based wire

©Dr. Lin Sanbao, http:/iweld hit.edu.cn/-arc , /12
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® The laser or plasma support of the relatively ,,col@‘dAm leads
to:

= Excellent wetting of the solder on thlckaqalvanlsed steel

panel surfaces
= Increase in load-bearing cross-s tgof the brazing

= Significantly higher joining s;(g

\‘rbe
&
ser-supported
\%McoldpAprc

oining of 1.5 mm
DCO04ZE75/75, edge-

o formed
Q seam, 1 mm gap,
PLaser=500W

©Dr. Lin Sanbao, http:/iweld hit.edu.cn/-arc , /14



® Ever increasing pressure from competitors in‘the metalwork
industry

® The demands for different arc types:
m Directionally stable arcs

m The removal of undercut and perosity

©Dr. Lin Sanbao, http:/iweld.hit.edu.cn-arc , /15 ©Dr. Lin Sanbao, http:/iweld.hit.edu.cni-arc , /18

Steel panel, 1.0 mm
Butt joint, 1 mm gap, 1.0 mm G4Sil wire

CrNi panel, 0.5 mm
Fillet weld on lap joint with 1.0 mm CrNi wire

©Dr. Lin Sanbao, http:/iweld.hit.edu.cn~arc , /16 ©Dr. Lin Sanbao, http:/iweld.hit.edu.cni-arc , /19
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® A higher plasma pressure i

in Sanbao, hitp:/iweld.hit edu.cni-arc , /22

® Regulation, i.e. the removal of the short circuit pr@ &
Optimal re-ignition of the welding arc Q) Q)

® A ultra fast reaction time to any alteration&he welding arc (9
length 0 0
® Fine to mid-size droplet transfer ,é, ,é,

® A concentrated welding arc i @Q 6@

welding arc

\§‘9

) )






2.7 Double Pulsed M1 ,sding
2.7 XURk1 %

)

o —BAKHMIGHEH, ﬂﬂaf#ﬁ$ﬁ%1£50~3oom@§ PA—Afik i
WE—ANEREN, SRR Q
o MITHEEME, —Mkh— MARIK LR, XM
FRfE0.5~30Hz3E [ (KA | 2 Ak e AR,
o MEBIARI K & 2 — IR E 2 o SRIGRKI R A R
ik b B TOHER B SE T — A Bk i puy -
A\

low frequency
eeeee | signal




JREERTRM .
ARSI -
WO SILRER,
LR S0

Lin Sanbao, hitp:/iweld.hit.edu.cni-arc , /3

® ZFXKemppiAE KA TR,

o Aikes SILHUKH RSN . Kikee g B SRk i F 5
s TI/NR L2 S 58 Rk R R 2

AAN

| R RSB B AR
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2.8 T.1.M.E. welding techinique

2.8 T.I.ME BERFA

©Dr. Lin Sanbao, http:/iweld hit.edu.cni~arc , /5

FRUKHMIGIERS, AREFECERTM R, 15 H BT
=W PR B UL 2 SE TN R S i 21| DN =R MR bu; 2 ik
[PUR 5 )i 3 R R R

WER ST B — AR AR 2 BB IR, FEMR 223 S KA 4T B
IR BIVBAR R A 2 AV IR L P e, R e AACECS S B v DU
PR RN SR IR, IR R ES

THI6 R AR Je S U P N ) PR R SRS Y N LR . ERIE,
ALK R R R AR, BB XA R, M
TR A — PR A B

BIIFEE R KIMAGEE R, FEHRLEAEANL.6mm, HIFAN300A
BRT, Be®mE#hd156m/min, BLmFamit, BIlRRAR
ENEE BRIl BARENRERENLEE, FRNEEERINIR
#, HEIEaiET.
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Canada Weld Process 2 #]J.Church7E 1980454 i —Frr i) K H
R ERBAERIMAGHE 5 :—Transferred lonhized Molten
Energy Process (T.I.M.E.) J&.

T.L.M.E.ERFEEZEMAGHE T E HEM_ T R —fE i msik
B MAGIEE: k.

transferred, ionized, Molten, energy f&i3 i, B4k ik Be &
KB F RS .

201 8OMHARH M AN B A 5 ARIN A, Q0ERAHENEX
WHRE ,E—F LB RBURET .

in Sanbao, hitp:/iweld.hit.edu.cni-arc , /7

KRR SE—TIMESRE (65% Ar+26 5% He+8%
C0,+0.5%0,)

FHAE. BHEE X)) - BRLEENEREE. XL2EFTE
50m/min, BEMMIGIERE3MZLLES

o FHKK, WIA35MmM,
] gﬁ%?ﬁiﬂjﬁﬁiﬁ, BIFERRN S R TR R

Lin Sanbao, hitp:/iweld.hit.edu.cni-arc , /8



o TIMEREMEFRAZAR MM B ALR LML E—E R
AR IR S SRS, B 24P, Rk,

o ETIMERBMAT, KHL2mmiEL, HFEAN300ATRE AR ®R
e

o MHENMAKDI480A, BLEEI0mM/mIn, FEATEKIFEEHIK,
TEHERZRLNAMM, FEEREBI20r/s.

o AWML, mIlR—YeRsRERERERE .

o MEFHRBEERTRRAIEN AT L RRE, FRLHFRE
BRI REMEE D

o M —BIERBI650A, HLHEFIABIS0M/minkt, IR
Wi NRRE, .

Lin Sanbao, hitp:/iweld.hit.edu.cni-arc , /9

® Ar:
n R0, B, RNBRE%E
® He:
w HMIBAER, W EIEE, AT EIHEE (%)
n XE—EEE LR TSR, RERE R
® CO,:
u SRR, E4EHEIT
= RERENEF A BIMRE T
® O,
w RERINEEESE, MEERRY, HEEHRE D 2RISR
n FCEHRETK T, BEEEE:
w RS HIROL . SR E R
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o KIEBRE TIRBORE, MRT A,

® TIMEJRFE K FIL IX 6] RE 5 IRAG A 58 IR 1A, R T MMAG
SREA I .

® JEBUMAIEH IR L A BRI BARIE .

RETE | BLER | BAHNR A | BRERLHE | RAERE

mm Em/min g/min

MAG 12 400 16 145

T.I.M.E. 1.2 700 50 450-500

©Dr. Lin Sanbao, http:/iweld hit.edu.cn/~arc , /11

o KHTMKBIRERE EHA, RAFA BERHAEL, R
ggﬁﬁ;%ﬁﬁm%%%ﬁyKW%%W%%%K%&E&%%

o EFGHIILIE, W LAE S/ EARSBTRN, BTN TR A
HABSRE, EMHFARRLEET, OATIMER, FRKGELATH
BEE R, &BF T EREMSH .

o REAHE, MERERMETIARA, MET BT HeHRK
AT«

o —IESRUELE R EE R T 24NN B AT PLRR TIMESR,
HuUHEELHE SN A RENER: F—REEEMRAE T EE
, FAESGMAGHREL7Y WHT.I.M.E. BERE11H.
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2. RIFRRLESRARERELRE.

ETIMES SR RIFE X, MERXMHYSOMBATRE, L&RE
BB ER TP S EANEIIMAGERE60<70%, SKISERLAN
HHMMAGIE65~80%, HIERBLBEREMK, KABETELHN
RBEMHI, HAZFPREREEE - CRE.

3. RiEHEKR.

JETWRE BRI . IR S A, ETAMRE. 7
SREERE, RIGEEE, W TAMERE. 355 TIMER
BRI ARG TIMEE, BRANE.
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o ANERMVIE, WIUAAML, RIEMENE S, R T RERE
ER—BREE, AR, BEELRR: BREESEREE, Bl
&R, FRRSERTAGSCT RGNS, KRN, FEXRR, T
SRk RIS . X R T AR F BB IR AR A

o 5 ki, BEERND, 7E0.0520.4mmZ A, SHEHLEIME,
CIRE PR R0.39/min AR IR B 1AW, RIRH SRR A
H, ASMEEMRT, BFER.
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KAHeS, BAH, EREETHR .

= 20004FiRE, RFEBEATIHNA X, |IEM5070, &S
110070, RESHIEIKI226;

» BRBESAEFM240~3205E, T.1.MESAFK15007T, —FE
TREGENERRSEER, RALER.

HTT.IME SRR HERR, ERFLRAEABFCEEIHE
§, EFRNERBME, DEmASE, HRLRk.

T.LM.EASEX B AT R B ZZRINR, HILH R RV R
ER4%, SHF H0.5%HIERM, BARFMEN0.02%,
B R ARVFE0.4840.52% 2 MIEa), HFERELZRHRAKES
WA, EPEEER, SERARHE, —EBE LEB T HMA.
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®  HIPRRFIRAE L PRIk .

o EFEAFELAAIIERRAE, ERAMBRRZRIREC2VUT, X
BHERE . AETEH, NIRABPERIRER IR, WiELEE
SRBTIRERT) R RIEIL LML

s TIMEBETENELEERERAMAGCE TS 2-37%, BLEF R
S [ B B S A R MAGE L S I 5 5L, TT K (R shois B 82
R R RN E AT R & .

n UWHGERERL TR rRIlEE

A2 EREL:

n BRLRGLIFELHEEFRNAE . LR LEERERN, RAFHE
B EPEIRE RS .

» EEBFENRERETERETE: SRR T RER SRS
o RAEERE T ROREKREER ). EREELNFERT R
R ERREN 2 R KRR E TERKER. JHl
RL PN BORIFR BTN L R RPOERN, DERRF I E
AET BRI RKRE
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FIBLHERRT, REKRIERL BN, RLFFFHEHEEK,
MR &AL R MERFRIEDRE (RUSHERKR) .

o TTBHBL, HEEHRMERESR.
o TIMERHINKENR, FHENRFRARBMEEARS, BREHE

AN e

HMTERGSHEREN ERERE, FHETIMERREHTE3IERE
HERE, FRAREEZISRE RS,

o HIWFEAFKEEMFIFRONIUS, HTIMERHIEHL R TR

AIRTAT BT BB BOCHR B AR B B AR i, A
W EEEREN/NE L. RESRE SRTHBESRET
ML, EEBFTET LA S E .

TIREFIR

LR 77ia: LB 7 N

= KINFEREHEHEFE

u TG T IR MR, N2 I B L R

w FE ) IR o A R e

n FEABFNRAENIE: BN EERELREE. B EE
n 2/4—SHEHRA, TIMESANESHES BT R
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2.9 Flux cored arc welding (FCAW)

o AMERURY, AEFERNSHE, BT INA
2.9 B
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HEHALNEEEEPRETA NS SN ARPEARRARPE LN 150
ERANEX.

170}

Q) BERESERP LN
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20l g 9Smm 2
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AR BEFHREE, SRGRAPENE. MARFURAEY, ELEH 5 0 300 350 F00 450
HEERFECHEHNER, FERPECHENEAAREERNYT KA. FETEA
Bil-4 RERERNELER
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o WHMALNAFHER. BERRF. SHRMESETLS o HE AAUFA
B ARFIZ Y, 25)E N IMEERIORAE. H80 FREK  TEERIT, WRAD, R
R LA EEMKMAR TR KR, THAHAN » ETEEE, RS RI
80 FARBEEF LTI, difekt B RII%6ZA, WEL995 Fif " Epe R RNRTREMT MR RSB
P8 27T, RN R ERI24% L, 15 4T 20 24, B
CHEMFLRENTR, HFAEEERLLE. o R LE T F R L A
o BELENRE, DA EMAERN. HHLT. MERR.
PURHIG. M. AT &S5, D, e A= 7/3A,0,+Ti
o Hil, EHAFCAWEZ SEFELMHIN3S% L L, RER TiO,+Si=SiO,+Ti

45%, ViRk25%. “FEH4&MEE, FCAWLABIEIMAW,

{EAKBIZ R 2 £ R 4O BT, HRRE S, BaR
LT @ HC. NERAEPIHITE & EUE.

©Dr. Lin Sanbao, http:/iweld hit.edu.cni~arc , /4 ©Dr. Lin Sanbao, http:/iweld.hit.edu.cni-arc , /7



PR

o HeE.
) , s o LEN MOBCEEER, BRIZIIRL sl I s
MR, AR 1% SEREBHNT L ORLARE N MR B
= WEME, RATREHIIEG, FERT . FEANBR IR B A 2 IR I B LS R L AT TR R
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n JREARE, HAMRWEARE o 2 AHSM. KE, BiERY, BERE
» ERRHERERRGSIL. AREAmEA R o 3 HRBAMTCONE, ARAHNA TIEE:.
» EERBKERCRIT I, SR E . o AMRRA: R ATRLIEEA Y 2000 MK ER;
= FECOfRF T ISR TZIER 2, MAS o b4 BRI AL T BRI S TR T R
» —RHERSBRE, ZHTEESH. A FEERBRPFREER.
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n —REFREERM BRMERRR, HERE
= FRREHBIEA.
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®  [{RIPZEIR LM R 1959 4F i E E S iR 1 .

® R Ry 2GR 22 [ LR 0N T IR BT I S0 R AR 1 R E ) 1SR BRA
R R BT LA R 38 SRS R 1, b e S5 4 ) 2 PR O BE R LR AEG o LEINBESEIRG, —RRkBIEL & 15-25%, 5
® JEoR T VR AR ERE Y RN B R BT — S I Ak PRSP AR . WERINA 4 K S,

TR A THAHEALR 4RI PIENICOD (LR HE) Rk, o 2T L Ik A RS e A PER I, Sk e F A

W=t “Hipg” IR, EERBREERSFSEM, 3 HE kR
ISR LN TE EEB A E, AR S AR, B
HIN. OF RN, PhAEF

o 3 RAEBK, FHEZAMH;
® ATZBHUENEI. B T EEME SRR EL %,

o HRPELHFEEANRL, FEMBMHIEEADSRT S
SR, R ERFRK— M.
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o ERGANRLT SN AE, TR BT AR L i RAMNE AT A 2k a8

, , R 15RO - o HEFHERLMBEFMAT BERTEAKROBEBETE i
BUNBEER, R ERGRREN. & GLURA. REH. SRR
o BTRASMMUAMRYE, FERBLR P ASH 0RO VRS St * EARNBEEIMAL SERARINTELIRE,
N, BT L, o IEHHL. fGASIURLM PRI TRAA DX EH BONARNZA |
o FUARPEERLOTH LSRG BOMLTHER, REG LR, TR HRRIRA . SAN I RIWIAS TR
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® CaF fIBaF #MRMRLFHES. EE. EEME,

o EHAR AN EL B EEMA CaF BT MG, 5in:CaF -
Al. CaF - TiO . CaF - CaO -TiO & & Xk R WA FIRER
BEENSEFREEFSKES T HRPASELRTRIRESTE
URBRIFHIRERENTE. Rk EERERT RN .

o fHECaFE RN BRI HNELK S BREMR B E. ABarf{
E CaFt AT SAE AR BRI E R AR LN AL B IR KRS,
R B B KRR S RBN A S TR E &,
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o MZSARARE T 2P T IXT H Y258 18 200 I i R kA7
BESL KR AR AT T A B AL SR

w LIRS TR HC. OF BB IR EE M TR R
B SR B HB .

w H¥ R EEM R R R, F i KA B SRR P
B AR o B MR U 1 EL MR

w BT BRI RO STROS IR A M. RREER
ERchIpuE; L) RS- 2N

T (RIS AR DR KRN BN .
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® End of chapter
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