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Fig.2— 1 Directional response of welding arc sound.
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Fig. 2—4 CO, gas concentration in the shielding gas at various

positions.
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7 AT AT A ZHE DM PKg/m3)| ¢ (m/s) Z=pC
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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.



BT — 7 BORAESERAE A e
SUTIRBEIZ AT, B P s T L — b i / ,«\\\\
B LS CERTR LT s ekt [ S S N
ARSI ]/ 2 Bk & L TIEIEL. 0k S ‘

Zr REARRQIE2 L B, 270, BAEED N ,/
£V ICEEDFAR & R E DEAIZE - 12 HICH
ETHHAI013Q=4 7% 3 (Fig.2-8&H), e

IEREIE (2. 8) ROERINB L5, & N
Wb r DR BT 5 ENRE 2 [ L HHT A S . .2
NX— % BT 3 SEEO r OB B 22 ’
TE 72D THdh 56, MOBEIZHO>HNTY .,
aﬁ@ﬁﬁ%%ﬁ%iétiﬁﬁtﬁbé:kﬁ
T3,

RIFRICBNTERIZ, ©E—F-F> 7L —}
BBENRLL > Tw20TQR=2E%0, Fig. 2—8 Directivity factor.
Wos M & R EHET 7 b B RIAREE & BT x|
T, FEHHRZEMCEET 2560 2 {24 5.

%5, (2.9) RIZBVTQ=2, Ro>w &§5 . SPLEPWL & 12 &4 b #40cmf
N7l T BRI L < % B,

2. 3. 3 HEIEOMRE

BET—7BDOWBICEL ., MENEADET LIRS L CHEE 202 L0l
BREEICHETILNE L TEBER» LRETIE. 74 vEREE» LRETLE,
FPTBBEELLRBETIERY AND LN — L FAZDELREL ETh D,
AKBTIE, BERERERFT A PEGEB IO TIHTAE LT, BT sEsc
BELT0RNT, BMBRELLTEBLLZTNEL L VLD N —FBREESH & RET
BELLY—IETANEHRETH b, ZOMWMEIZ DOV TERISEVERETEEL ~LOH|
ELRBEBANRT PG 2AT - kR 2Fig2-9 R UFig.2-1012 T3 (ZE L ~LSPL
($4—o3 - F—L{EO-A),

b—FHEERES LRET S ENHRSIISPL=55dBREE ( } —FFEEEE40cn/min O
Be) TH) ., TDORWEEART FLIE3500Hz % TOEBICHFEL T b, 72, o —
WVEAADEHENHBSIE, CO:T— 7 E8HA N —F 0% ASPL=61dB (# 2 & : 20
¢/min), TIGT — 7 %#M b —F DHASPL=54dB (# 2% & : 15 £ /min) BETH D

_9_



‘O 0.A (55dB)

(dB)
|
o

S.P. Power

-30 1

-40f

Carriage Speed: 40 cm/min

{ 1 ] 1 1 1

0] 500 1000

I500 2000 2500 3000 3500 4000 4500 5000

Frequency (Hz)

Fig. 2—9 Back ground noise from carriage of welding torch.

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

_Io -
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(Gas Flow Rate: 15 |/min)
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e
oﬂ—"
-

-
=

-50 1 .
0 2000 4 OOO 6000 8000 10000
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
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LNBHETFIZDONTIL,
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—3 Relation between impinging area of arc
and welding current at the arc length
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Fig. 4—4 Effects of polarity on sound pressure level
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Fig.4—6 Frequency spectrum of welding arc sound in AC arc
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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
welding with covered electrode.
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Fig.4—13 Typical pattern of output signal of welding current,
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Fig. 4—35 Frequency spectrum of the welding arc sound at
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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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0 1 2

0 3.20 4.6l 5.91

1 6.31 7.80 9.20

2 9.44 111.00 |12.40
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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.

5. 6 BERBEVOBARBARS MV (BRKSE)

Fig.5-8(a) RU'Fig.5-9(a) i, BEHOBITHIELDipR K U Globular D BFANDE
BIRBE O BE A7 P VSTRHERERT, 72, BEICHT 5725 Fig5-8(b) R
UFig.5—9(b)ICIZE—FHENL & THORET — 7 FERBOSHFERERL T 5,

BERIREDBRBEBAR7 b vdic | E&EEEK f, (Fig.5—8(a)). OB B E §,
(Fig.5—9(a)), HABKD ) » 7VEABE f L ZTOEMEm f, . KU, BEEZTUK
BEMOBAIREES, L Z0EREnSf, ZLITHETERSH»EDLNLE (m=2, 3,

Fig.5—8(a), Fig.5—9(a) ITRTEHIRBO SRS L . LWL 2L
W Bondf, (DipBRATDHE) 7203 fc (GlobularBIBATOHAE) fi . f, D=
BV EEEBERSDOEIII LD BEES (XTH) 2ROLERLFIgS-10ICTT. &K
DEISIZERFMHICL ) B - T 52°, DipBIBATEMS TR f, 5. Globular BIf4T
FRIETIf, RADEDBEEGHBLKRE V. 2, ZHTLT DB L 250%7 570% %
GHBEZEDPL, INLEBE—FEOERICEL TLZAL»DOBELBLITTEEZ S
Nd (72720, fo RAIIEERARNOBREICERT 2L DTl % W),

Garland 5%, Koteckis™, RUH#RES I3, TIGT — 7o 81T 5 ©— PR
BEIC OV TR 2T, E— FEoHRIcf, RN —KT 2RI EET 52 & 2
LTwd, LeLEds, f, CHETA2E— FEDEEICOWTIEE -7~ ERL TV
W, MEDERICBWTIIMEREM E LTI ER (RE  1.067~3.175mn, ok & X



(dB)

V. A. Power

(dB)

S.P Power

Welding Condition

g:)
-——— 200A,20V
- ——— 300A,27V

(fc = 3000 Hz)
| 1 ! | | |
0 1000 2000 3000

Frequency (Hz)

“ (fp-c = 200- 3000 Hz)
-40 | 1 1 1 | J
0 1000 2000 3000

Frequency (Hz)

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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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.
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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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Fig.7-7 (3. BEHBOEITICE > TREMEA 0mnd 510mmF TR 2125 b & 9 ek

DEFENRELLZBENEREL NVDEFHZRL26TH 2, FEBORMIZIE > TF
FEv L3 EH L, BEJENE Oum & 10mm & DL~V (3K 7dBTH 5,

INDHE, BEV-UYPEATINORT—I7EIFELS XD, £72:7—7 OBO—Ek»*
EDD2DTH D, REHRETIIS BZCRNRI LIS, BEEEIF—FETHNLTL LD
BRI EAEL 2L, BIZIET—7ED 5 IZEERD 1mnZEbict L T 2ok
HIIESHICARETH S, 72721, Fig7-6lcRbNA L)1, T—7ROBINZHE) L~
NDIGTIRT — 7ROFCHE TRE L  ROEA TN L2 02 R TOT R LT 7K
LmmDECTL VLV NIVDEFFIIR L 723 DEL B,

—110—



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

ol

- 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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