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Ir: W/477T2

17 ZOROEEDEMEL P, (= [ Plt)dt ) (Pa) k¥ 22

.................................................................

I.=Fg /pc (2. 2)

THED5H

Pe= (l/r)l,ocw/(47r) ...................................................... (2. 3)

(m/s) T 5,

Ehb, ZZT,pIHEENEE (kg/md), c3FHE
(=0.0002 ubar) &3 %Kk

FEPe 3. — &I %—%%ﬁ]i‘}_‘%Peo 2X10°° (Pa)
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........................ (2. 5)

=10 log ,(W/107*)— 20 logjr —11 dB
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(72720, E#0°C, 1RE (1atm=101325 N/m2) DZER & L. EASTEEIZ=0c

=415 N/m*& L 72354)
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2. WO R - T
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F%&ﬂﬁwﬂé%ﬂmiwﬁ%ﬁ\@%?~7%ﬂ%%ﬁﬁ?%0\@ﬁt%@%ﬁ
HEEBRE R LEBL LR T b,

SPL (dB)

Fig.2— 1 Directional response of welding arc sound.

(dB)

SPL




2. 3. 2 BET—I/BOFHDISMHE

FEWDEET L L TGO EIIIRERE L 2 b, ZORBIIBNICE>TRELD
T, BOREICE L TREROFETI2HN, TobbEHOMELH L2 LHILEL T
BLZEDPRLEEL B,

SN A ZADHNDOKEE A L )L AE—7FICL > TARILL 72 % Fig.2-3 12,
S L R A REDBE B~ LR 2R B CHRIE L 710 % Fig.2-4 127
RizWwTNns sy —nNFAr2: LTCOHTAZTRANCRHENDLNTH) , HHL A/ A
BRe=2200 (Re=(d—do)u;/v, dix/ XNVERE, dlFT> 27t - Fv 7EE uj 37
Z W HSESEEE . v 13 AR OBREMEEE) . H/d=1.25(Hi3 / X)L & B0 ) o &4
Th b,

15 mm

Re =2200, H=

15
I
(0]
L 1 1 1 1 1 1 |
0 | 2 3 4 5 6 7
X/d
Fig. 2—3 Shielding gas flow pattern.
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1 Lgs 80726 ©0013 50y 0032 — o, e0l160__  eol67 e 0.159
- - 7 AW o
i o ) oo.séto 0.135 00199 — 0235 ®0.220 ® 0.180
L | 90% — N e 0310 T,
L. 00958 @ 0618/e 0450 ©0.392 ©0348 ©0.302 0270 ©0.259 0225 e 0.98
L e 0731 © 0.483 ® 0.350
ok L 60999 e 095I=¢0820 =-0.624=—= 0.457 —& 0.401 —8-0.300 —8-0.280 —-0.263 —-0.212 —
(0] 0.5 | 1.5 2 25 3 35 4 45 5
X/d

Fig. 2—4 CO, gas concentration in the shielding gas at various

positions.
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R(ER) ERETZENTES,

FW I REE T D &
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ZDMAETRHL . B % l - TL: Trasmission Loss
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LiotaTIvHweE

B3ETL (=101log,1/7. 73 \Boundary Layer

EBE) 13Fig2-512RT L9
I, EOBRAEEEIENZ(=
pc) 12L& > TkZF b,
Table2-1|z |, AL THK
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Fig.2—5 Transmission loss .

(0°C, P=1.013 x 10° N/m2 )

7 AT AT A ZHE DM PKg/m3)| ¢ (m/s) Z=pC
FELVWERI L, BT Air 129 | 3315 428
2R LCOTALDEFET coz | 198 | 258 (LR | 511
H¥ 5 EHIB% % Table2— 1 268.6 (HF) 532
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— Q 4
SPL—PWL+1OI°€10<—4;T';T+§ ................................. (2. 9)
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@) TERINS.
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. Fig. 2—6 Relation between SPL and r.

(dB)

SPL

-20 1 1 [ I | 1 1 1 1 1 1 1 1L
5 6 7 8 910 15 20 30 40 50 60 70 8090100

Distance from the Sound Source r (cm)

Fig. 2—7 Relation between SPL and r on the laboratory.
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Fig. 2—9 Back ground noise from carriage of welding torch.

Or 0.A (81dB), CO2 Arc Welding Torch Nozzle

_Io -

(dB)

S.P. Power

(Gas Flow Rate : 20 |/min)

_ 0.A (54dB), TIG Arc Welding Torch Nozzle

(Gas Flow Rate: 15 |/min)

CO2 Torch Nozzle

e
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-

-
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-50 1 .
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Frequency (Hz)
Fig. 2 —10 Back ground noise from shield gas flow.
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ThHbd, ZFIBEFEFEICD

WTHDERELBEEEN% Table 3—1 Working-conditions at covered
Table3-1. Table3-2 X arc welding,
UTable3-3 12777, Covered Electrode JIS D4303
BB M 12, KIGER Welding Current AC,DC (A) | 100~ 225
Length ,
ST =7 R RAES LT frc Length_{mm) 4,8
Electrode Diam. (mm) 4
IGHRBOZEERE Welding Speed (cm/min) 10~ 15
ZHEBitE 774> 5 Polarity R.P, S.P
CEoTlREL 2R, T Electrode Angle (deg.) 70




> THAEL 72S M—
1B TH D . EI2E
—FeFr - 7Tr—1E
#2IT- 72

CO: T—7HHRV
MIG7 — 7 8 Tl31.6
mm¢ (—ER1.2mme) DIk
AV v P74 X R4
AL7,

CO: 7—7iBnHENY
A BRER LICHT 3
T — 7 BEV O &
2. BROMITE»HE
HHATHEIR (1<250A)CT
I3 V=0.032-1+16+1.5
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FIowBe 52552
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IS R LERICAS
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204 /min (TIGT— 7
#3154 /min) —E T

H5.
WET — 7 EEICH
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Table 3—2 Working conditions at COz arc,
MIG arc and TIG arc welding

Condition—ethod | o2 welding | MIG Welding | TIG Welding
Welding Current (A) 150 ~ 450 150 ~ 450 150 ~ 250
Arc Voitage (V) variable ¢!} | variable 19
Welding Speed (cm/min) | 20,40, 60 20,40,60 |0 20
Gas Flow Rate (I/min) | 20, (0~25) 20, (0~25) 15
Wire Extension (mm) 20, (10~60) 20
Arc Length (mm) 5, (Variabie)
Torch Angle (deg.) 90 90 90

Polarity R.P R.P R.P

(1) V=0032-1+16 £15 (i< 300)

V=0060-1+ 9 +20

(300 =1=450)

(1 : Welding Current, V: Arc Voltage)
(2) Wwater cooled copper plate

Table 3—3 Working condition at pulsive
arc welding.

Rectangular Sawtooth Triangular Sine
A P
by I 1 7 |p |p
Current Waveform 1 -'P N TP - -
lav “lav v lov oty
LT T TR Sl Al
T T T
d = &A/T 05 0] 0.25
lgy=100 (17 V) lgy = igg a7 V)
Current  (A) [IP =150 (20V) lp = Var  (20V)
Ip = 50 (14v) Ip = Var (14 V)
Tp=lp-lp =100 Tp=lp~Ip=40~160
Repetition Frequency
(Hz) 10, 30, 50, t00, 200, 360, 500, 1000, 2000, 3000
Arc Length {mm) 5, (Variable)
Gas Flow Rate (i/min) 15 (Ar gas)
Electrode Diam. (mm) 4, (Variable)
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Fig. 3—5 Relation between welding
current and wire feed speed.
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Fig. 4—7 Frequency spectrum of welding arc sound in AC arc
welding with covered electrode.
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Fig. 4—10 Frequency spectrum of welding arc sound in DC (R.P) arc
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Fig. 4—35 Frequency spectrum of the welding arc sound at
the bandwidth of 1kHz-5kHz with various
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Table 5—1 Working condition for

EIZE->TETHIDNDT, Zodh measuring welding
. . vibration.

—FICh b L HICEREL., BEE

. - - Welding Current (A) 200~ 400
DWBEMOEEIIERIFE>H

B Arc Volt \Y Variab!
ST, $ 7. BIEEEH O ¢ Yoltage (V) aricble
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_’ Gas Flow Rate (1/min) 20

—%ED %) D %'fﬁﬁﬁ L 72 ?Tﬁ%i%ﬁ&: Wire Extension (mm) 20
I, g EEEL 2%AD Wire Diameter (mm) 1.6 (1.2)
—KEFIREES,13253H2 TH Y | Torch Angle (deg.) 90
IRENARE I B BML L D TH - Polarity D.CRP
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Fw

76T2 +
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oAt E__ . (1) Table I Value of A at circular
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b, n=m= 0Nk xNA=3.20% (1I)RicRA

0 1 2

0 3.20 4.6l 5.91

1 6.31 7.80 9.20

2 9.44 111.00 |12.40




THZLICEYVERERHES, h=m=0nrxf =f,) »KFd, B, fFHIB
TIIERRDE ) XA NT W5,
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Fig. 5—4 Variations of vibration acceleration level
with sound pressure level in COz arc welding.
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Fig. 5—5(a) High-speed motion photographs of molten metal.
Welding current : 400A, Arc voltage : 32V, (4000 frames/s)
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Fig. 5—5 (b) High-speed motion photographs of molten metal.
Welding current : 400A, Arc voltage : 38V, (2000 frames/s)
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Fig. 5—6 Examples of output signal from photoelectric
element.
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Fig. 5—7 Photoelectric circuit.
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Fig. 5—8 Power spectrum of acceleration of welding
vibration (a) and welding arc sound (b)
on dip transfer arc at high frequency region.
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Fig. 5—9 Power spectrum of acceleration of welding
vibration (a) and welding arc sound (b) on
globular transfer arc at high frequency region.
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Fig. 5—10 Relation between fy (or fg), fz,

f, components and V.A power rate.
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Fig. 5—12 Power spectrum of acceleration of
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frequency region.
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Welding Current: 200 A
Arc Voltage: 20V
Welding Speed: 20 cm/min

CO2 Arc Welding

Response (10 dB/dijv)

— Time (1 s/div)

Fig.7—1 Example of hole detected by arc sound
in CO> arc welding. (hole diameter : 5mm)
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Response (10 dB/div)

(10 dB/div)

Response

200 A
20V
20 cm/min

Weiding Current :
Arc Voltage :
Welding Speed:

CO2 Arc Welding

1o

j

Hole Shape

——> Time (1 s/div)

Fig.7—2 Example of hole detected by arc sound
in CO2 arc welding. (hole diameter : 11mm)

TIG Arc Welding Current Waveform :

Rectangular

lp =I50A, Ip=50A, fp=50Hz
Welding Speed : 20 cm/min
35¢ 5¢ 99
g N g

Level

(1 s/div)

——= Time

Fig. 7—3 Example of hole detected by arc sound
in TIG arc welding.

= 107—




KIS, BEBEROBEZ2AT 2R ICOVWTZOEROBE 21T - 1261 %2 Fig.7-4(CO. 7
— 7 &), Figl-5 OWVATIGT — 7 H#., BEREER) 17T, KERCOT—7#
BOBEL20mm, »OLRTIGT — 7 BBNEA 8mTH )  EHEAMEZZNFIUCOWT, (a)
By HIEEA (EE B, TH#E &), KR & &~ (kL) D28 &
L7z,

CO: 7— 7 BHENBE . B2 ELEORHROL NNV OLEET T #ik THRK12dB, b
BETHRKIABEETH 5, TR VNNVDOEEDERROHZEBICL LD EHLR2ICARLNS
P2 FEEOBEDTH LV, IOMEAIZE— FEROZICOWTLFRETH S, 1
2, E— FEKICOW TR, ©— FIEAX THEETRERICB W TLIZIEZ—EL TWbai
L., EEETIIRS 20, ZORBIZEEGE®®% D URHKEET 5, 6 DHEIZES
DIERIREL SR TRDEIICEZ LMD, Tabb, THENHEIZIE, BHOEMA
T— 7 OEBHARMME & TRIFRMFLICL > T ENS2HIC, EER 2 ZUKRY
DEAIZ LB LD L ICHEITL, TAXEHLROEIL LH E2ITE#EITT S, ZHiC
L FEEDBAICII R TES RIS WHICEERIZ BRI, R EL
Em%%%%ﬁ?%éoLtﬁof\TL$TM7—7&0@ﬂmﬁ%ﬁi£E®%%t
HEg | CEBREITEE L) . BREBICLVANVOEE & E— FIRRDZEL &1 AR R
MITHRTTAZEICR S,

—%. Fig7 -5IZR T2V ATIG T — 7 EHEDBHE, VILVDER)TT#EE, EEED
BA Y LICHTB TH D . £ OB EILIZ LH. TROBEL Y TH B52TUTEML T
WB o LNAHERT 2 ERBERTT— 7 EA BT 5720 ThH ) (TEETER L
N, F#ETIREL L 3), FOBBIEErEUOBER 2R Old  TH#EER O LEED
T—7DREEREBICHEVEVLNZDHTH D,

Lk, Fig7—4 R UFig7—5Ic/R L 2B TH L2 7% £ 912, VULDEENIRRED 5841
BETABRMORBABERICHETH S, B, INLDFUIRFEMLE L 25 NE
BHRICBEEROBEVERERZEL, T—72HERAD? SRENABE L LHAICENLNT
b, LidoT, 2L uBAEORBICIBERT —7FVBEATESZZLIZVIET

L,

—108—



Response (10 dB/div)

Response (10 dB/div)

: Welding Current: 200 A
COz Arc Welding Arc Vogltage: 20V

Welding Speed : 20 cm/min

T

Welding Direction

%ﬁ/

Work Piece

7 / iy,
(a)

1 | 1 | 1 1 | | | B | | |

20

— [T
Welding Direction ~ 7 Work Piece

7777777707/

AR NN Ny

(b)

S

RS T WA s

] ] ] L1 1 ] 1 1 1 | | | |

— Time (| s/div)

Fig. 7—4 Examples of step detected by arc sound
in CO, arc welding.
(a) step down
(b) step up
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TIG Arc Welding Current Waveform : Rectangular
Ip =I150A, Ip =50A, fp =50Hz

Welding Speed : 20 cm/min
® ' 01_/
% Werk Blece 2221 2, ‘Work Piece
10|10 o (mm) o T1ouo

Response (10 dB/div)
1

— Time (I s/div)

Fig.7—5 Examples of step detected by arc sound
in TIG arc welding.
(a) step down
(b) step up
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TIG Arc Welding

Current Waveform : Rectangular
lp =I50A, lp =50A, fp =50H:z

Response (10 dB/div)

] Arc Length (mm) ) )
- _ _ 5 -
Ottt s sy, 7 // / // > Z Y.

i 7% ‘ /////}A .
i |
1 { 1 i L | i | | { 1 1 | 11 1 | 1 1 1
— Time (I s/div)

Fig. 7—6 Example of change in arc length detected by arc sound
in TIG arc welding.

Current Waveform : Sine
Ip =200A, Ip =150A, fp = 200 Hz

TIG Arc Welding

(10 dB/div)

Response

Welding Speed : 20 cm/min
- Groove Width (mm) 2,/
/9 ., . v A
/Ly
_7,,|é% Gz Lo vttty 77y z
{ H 1 1 | | I | | ] 1 ] | 1 | |
— Time (I s/div)

Fig. 7—7 Example ofbchange in groove width detected by arc sound
in TIG arc welding.
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o F €Oz Arc Welding

h 200A,20V
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- h-HhF“h‘*J"‘~h\f"~N'd~.Nv*"“A--*‘-““\y’f*\uhn"ﬁph\fhﬁhi (a)

]

(2]

g

§ Q=20 l/min_l‘ Q=0 I/min _I‘Q= 20 I/min
L TVolve shut ’I"Valve opened

| 1 1 1 1

% - MIG Arc Welding

N 400A,32V

)

o

(®)

Z “ (b)

o |- &»

(7]

[

[}

2+

e L Q=20 I/min% Q=0 I/min Q = 20 I/min
-~ Valve shut l:Volve opened

] 1 1 1 1

—3» Time (5 s/div)

Fig. 7—8 Examples of interruption of shielding gas flow detected
by arc sound.
(a) COy arc welding

(b) MIG arc welding
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Response (10 dB/div)

Response (10 dB/div)

Current Waveform

TIG Arc Welding
Welding Speed :

Sine

lp = 200A, Ip =150A, fp=200Hz

40 cm/min

B

Time

Fig.7—9 Example of humping bead formation detected by arc sound

in TIG arc welding.

(I s/div)

Welding Current: 400 A
Arc Voltage : 32V
Welding Speed: 20 cm/min

CO2 Arc Welding

| I S N N

i 1) | | ! (1

(1 s/div)

——> Time

Fig. 7—10 Example of burn-through detected by arc sound in CO,

arc welding.
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