commons

O N § D E E D

@creative

ASZAEMN-HS3-MIASA 2.0 Mz
O 2A= OHNHS] =4S M2= ASMH 50 ARSA

o 0 HE=SS SH, HE, 32, 84, &3 5 28T 2 2UsLCH

— f=Rr—T0—

Ch5d 2= 245 Mdor gLk

HEALEA. 7ot EHSME EAIGHAOE 2HLICEH

HZd. #5l= 0l A5== 2dl 5

Jd
0
it
2
o
m
1
£
I3
Iry
[

o Fgts, 0 HEEY WO S0l =2 A2, DAEEN HEE
ZTEH LHEHH MOE 2L

o REARZLE Y2 5Jfe won U227 E2 MSLA Falil

HESAEH OIE 0IEAS Ad= A2 HWEN Sotl IS BA BSLLL

0lZ1Z DIEHE A= Legal CodeyE Ol 2H 2 SIRLIC

Disclairmer B

Collection




At

224 AF ok2 §NM §99

20075 2H

iR

BERFR kA

F K i



TERE A+ B a S

2% AT oba SHAM 9 2

WMEe nEe H4 Y §7 IAPo

RN A R R

o]

#
o

Yo TRt Bfifmo= fEih

=

20074 2H

H

s}

7



FHk PR o] TR+ BMfuam o= FRnESh

=
T

20075 2H

A TEELE 9 W Z1 (|

4 TEEtE K OB OB ()

o TEfE o\ M 8 (F)



Abstract

D

11 AFMA R BRA ——-m e

12 BFEA B AR -

R 2 7 | A W7~

21 254 AF o} §/Y B e
211 GMAWS] 28 (e f N
212 FCAWS] Q8] —=cm————efeo W oo el

2.
2.4

2.5

3

4 282 solE g £EE gojolo T FAo mE sojo] AP uHuw

Z+ A ¥ (Angular distortion)S] B ———————

o
k2

0O
~
3
ol
Pt

aa

(Melting efficiency)®} B =
9}olo} 2ol Aol HY

g eds g9 - EMLESL

«

A 3 F

3.1 A4

32 A3

g
_]VU
[>
KU
2
[
S
iy
)
[
)
©
Lo
olo
o
!:op
o
=)
E
it
o

321 AY AB

322 A W o

o H

N O O o

10
11
13
14

16
16
17
17
18

19
21



A4F DY $RTAA $9% AuF AL 34 A G

22

22
23

B e
42 99 AR R AP WP

421 A AT

422 AR W
43 9 AT R DB

431 B2 TS L £YE folofo] P 4 L WA vpAZ

432 28 H BEF LY Dol WAL CTWD S G
433 2989 B2 EY Dol FIAE EHEES G
434 29 HH AF$Y Dyl WAL FAAN ] G o

44 A
As5A e ER EAES o) 8F AH P2 §4 FY AL
5199 == W S U & MJ
s2dR AR AY Y -
521 AW A B
522 A8 NP e W
5349 A% 2 3@ L on e
531 BA 4 Dot AR Pl MR E 33 A GG e
532 MURS o] §8 AAH FHED P
533 A4 89 §$4 FAZAANAY FFEY Dot AWY
L —,—,—,—,,,,,——,——e e -
A6 B BB
B TEY — oo
I



Development of The Optimum Fillet Welding Process
Considering Distribution of Penetration and Angular Distortion

in Consumable Electrode Arc Welding

Seung-jong, Yun

Major of Materials Processing Engineering, Graduate Sc/ool,
Pukyong National University

Abstract

The several problems from the deformation generated in welding structure,
such as requirements for the supplementary reformation work and the
incidental expenses, occurred in the field. Therefore, many researches have
been doing to solve this deformation.

This research aims at the development of the optimum fillet welding process
in the view of the distribution. of penetration and angular distortion with
regard to fillet that are designed to have constant leg length by using flux
cored wire and solid wire.

For the aims, there’s a test-that'gave varieties to CTWD, the welding speed, and
the arc length, and analyzed current, voltage, and apparent heat input and
section area of weld metal as well.

The optimum process condition using flux cored wire is achieved when

CTWD and Set voltage are 3lmm and 31.7V at advancing angle 10 degree.

Key Words : Distribution of penetration, Average penetration, Angular

distortion, CTWD, Arc length, Welding speed, Progressive angle
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A2 2 H7

awg AT olZ BAE AE obz 88 A oh2 TN £% % &
REE AT AEHd SHHE BUCE JwHOoD s WY ohz
&7 (Gas Metal Arc Welding), 82 I = © &4 (Flux Cored Arc
Welding), & ¢}= &7 (Shielded Matal Arc Welding), A/ EH A= o}

&3 (Submerged Arc Welding) &< 23t}

ojg st AR HF ola &£HS HAEAY AFTS AEste 7t ®H
8l o}= &% (Gas Tungsten Arc Welding)©| o= A o]|7} W3le] ofa A}
o] At HAE &HARIE WHalA ¥ dASHA E2= YJFEREAL F
A& 7= ALY A/ 54 ALES Agst e A diglE ofa A}
o] ZFW Hal®E EHAFI ZA W= dFESAITAHAS 7k &P A
Jd BAY B4 AdLe g
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Fig. 2.2 Schematic of FCAW
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T TEAE. A (21), 22 EHE FolE gfojole] WHAS T3

0.36 1
0.34
022 3 :0.26315
= 0.304
-
ﬁ 0.28+
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Fig. 2.4 Measure of Sheath Fig. 2.5 Average of Sheath thickness
thickness
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Table 212 &E¥ 2= FojE gojojs} &= 9fo]ofo] Tl BAL
iC%E stolol7} &= sfo]o
Hoh g@iFo] o e AL AT F 91, ol 22 AMd S Fig. 26
of Yebd A3 2ol 1%—(d)° e ZH~ Fo]E ooyt &£FE
ol Bthe AL & F 3l

&
A= 9olojrt &Y= 9folojrTt BAjd] F
A}

Table 2.1 Comparison of area with wire type

Solid wire Flux cored wire

A, : 1.1304

Ay, 0.7775

/ Wire melting rate(By eq. of Halmoy)

- A
M(kg/h)=635x107 xL+42.88x107° ><-L£{,—-
C
where NEEL R 1010 A 2 o] olst \J

M : Melting rate.ka/h 2L0| melting oI metting | | L Lot
I Set current,A "‘mI 5
: Wire stickout,mm, L : Arc length(mm) é -JI G
\ere diameter.mm [._Base metal |

Fig. 2.6 Equation for wire melting rate
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2.3 8§ 8 & (Melting efficiency)2] 39
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Fig. 2.8 Schematic of energy distribution in the welding process
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2.4 CTWD S} $}olo] Z¥olx Zolo A9

Fig. 2.9 A ¢} o] CTWD (Contact tip To Workpiece Distance)= 718§
Ao A BA TH7EA Y Ageln, 2Hol2 ey Ao A £fo]ojr}
o=t MAG €% A] CTWDE £Elol-3} of 77 0]

Wire .
Contact tube-

Gas nozzle

Stickout

CTWD

‘ 4 Base metal

Fig. 2.9 Schematic drawing of CTWD and stickout in MAG welding

Fig. 2100 WEtd 212 9folo] &F& =6 3] Halmoy7t F48 202
27 otZ ol o) % shojol &3} oolo] Aw LA 27 Sholo] &g
o) g0 2 Jepith shol o] 8 & &t ola Aol 83 WA HF, slolo] A
o)) o) A A AF o Al B olo]o] AE ol vg sl 9fo]ojo
Z of) whul g g}

/ Wire melting rate(By eq. of Halmoy) )
‘ - & L
M(kg/h)=6.5x107 xI +2.88x107° x ;2

where oragol 25t 2H0lo Mgt gl ot

M : Melting rate kg/h 20101 melting A0l metting | | L.

| : Set current.A J’I S

: Wire stickout,mm, L : Arc length{mm) __II b
\ere diameter, mm | Base metal |

Fig. 2.10 Equation for wire melting rate
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25 BE &Y A
- B = 2L, x Dp 2.7)
-Dp =B/ 2Lt (2.8)

227)e BAd g $9HA BE ALl &) Fale 4o, 2(27)
S ALgsld 2028)E FEatAth 2 (2.8)d1 A VERA nleb o] 3 -£5)
Dr= Bol Wik 2% Lo (Leg length)®] HIZE A o] 3} AT},

o

[e)

{a) Macro section (b) Digitizer

Fig. 2.11 Comparison of penetration by real macro section and digitizer
B Aol A Fig 1201 e A7 Zol F7F4¢ De7h 0.6mmed o

2 J3dvdn FIegda, HF&Y De7b 0.6mmET A4 Hd Zhd
o] T7ts = Aolx, HHEE U Dp7t 0.6mmEE A AL HH & HFo]

K
o
©

H He AeE Adsn

/ FPenetration depth, Dp -
0.6mm : good

Fig. 2.12 Definition of penetration depth for good penetration
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o714, A = Section area of deposited metal
B = Penetration area of base metal
Dp = Penetration depth, Average penetration

L. = Leg length

Fig. 213, 214% 78 D7t 2 Wl 24 we BAEE 247 Yy
9 Aol

0005055550555 00 500

Fig. 2.13 Schematic of deep Dp (increasing in angular distortion)

Fig. 2.14 Schematic of shallow Dp (concerned about lack of penetration)
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A Welding speed (mm/sec)
= Deposition rate (mm3/sec)/Deposition cross section area (mm?2) = ----- (3.1)
A Deposition rate (mm3/ sec)

= Wire section area (mm2) x WFR (mm/sec) x Deposition efficiency - (3.2)
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Fig.. 3.1 Configuration of base metal
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Ade st EHF7AL Table 319 YUElY A o] AF 200A, H
=2 ZdolE, CTWD 30mmeo]H, Hl=9 HITE FLU3A 317 93

EY2 ol spolojo} &Y E dfolojo weAZt HIE 747} 0.01%, 1%
2 g
Z34e 83 A 4 AFHY BAE Fig 324 veEd e AAALR

SH & 29EHE AAstA g AgEe] FAE SAsAT

Table 3.1 Welding condition

Power source Fronius TPS4000
Welding current 200A
Welding position Bead on plate
CTWD 30mm
Shield gas 80% Ar + 20%CO2 (20L/min)
Welding wire Flux cored solid
Shot circuit ratio 0.01% T%

Fig. 3.2 Photo of electronic scale
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3348 23 &

Table 3.2 A3

aF

A, o 99

A

o ®oAlsh AHEE stolole RS

BT, Fig. 337 Fig. 345 T sholo] A& Ao 5&e yrhd Ao

.

Table 3.2 Measured value of experiment before and after

SR AAAFA | FAAFA A3 wire
Flux cored wire 216.46g 225.23¢g 10.40¢g
Solid wire 215.23¢g 223.66g 9.00g

0
3,252;

12577

Fig. 3.4 Waveform by solid wire
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ofefell Al AlxkE A o] F gojolo] gAREE A g
Fol= efoloj7} 84.32%, T E ¢Fo]o]7t 9B.66%°] §HEES VHFITHE
AE & 5 AAgH

Table 3.3 oA = Fa|x &&=
FARAAG F ofolo]] efolo] F

ui
iy
&
[

<EY2x Fo|C golo] §3 T & AN>
1) AF&-7F spolof o] F-A,
X =1000mm / 7.09 g * 1464mm X=1040g
2) &3E TS FA = &4 F A FA -4 A A1E 74
=22523¢-216.46 g=8.77 ¢
3) &&EE =(3HH SIS FA /AR 9kelof o] FA) x 100
= (8.77g / 10.40g).x 100 = 84.32%

<&P = tolo] &2 a8 Al>
1) AH-&- 3k ofolo] o A, X
X =1000mm /8.50 g * 1059mm X=9.00g
2) 8FE BHFEY FA=8F FAAFA - & AAIA FA
=223.66:g - 215.23 g=843 ¢
3) BHAEE =(8FE EHFEY FA /AFE 3 gkolo] o] FA) x100
= (8.43g / 9.00g) x 100 = 93.66%

Table 3.3 WER from melting efficiency in the constant leg length

wire

LARAET AR ET 4744;&2
Wire g_?izﬂl WEFR 7:<_]"_§_ &A= S ™\ = =270 T LL
(mm/sec) (mm3/sec) (mm/sec) (A) mm)
(mm?2)
Fhx 15333 | 084 250
core | 1.1304 ' ' 146.15 8.33 59
Solid 138:04 0:94 260

_20_



FU9 44 A% §R5E 49S Bl neH 2 AR A2
F g

1) DA HE E2 Fol= 9o} 0.01%, S = 9kole] 1%E

S W £Ha 8L 27 84.32%, 93.66% 2 S AL & AUt

o

2) EY2 FolE goloje} &= SpojolE AbEste] Ztztel diE]
e Z26GImm)e 2 L7887 YaAlME £HEE7F 833mm/secd U
Y~ Fo= golof= 9ol FHFEEE 153.33mm/sec, ST = 9}9)

%
ol 138.04mm/secE A Aol FE AS & F AU
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et ete] o %

41 A

10mm ~ 50mm7}A 10mmA Z7}A1 7=

el CTWDE

S

o

o
I} £HEEE 20cm/min ~ 80cm/min7tA] 15cm/min® 5 7}A] 7]

3} opzzol

.

=]
T

A

&

—~
o

g e S Wt w

3L
[}

olE Fal

A4

B

file)
mj
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oo
e

Aol

CTWDZ 10mm, 50mm% 3} A] ¢

©
S

Fig. 4.1

Fig. 4.1 Schematic of variation for CTWD (10mm,~ 50mm)
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42 A¥ A8 2 AF 9

421 23 A=

H Ao AEH AEE F 50mmxZ2°] 100mmx F7 6mme A7
S ARESE AL, Al A4S Fig. 4201 e AT 20 E AHo = A
5 4He S9E AASEA ARES AT

ARG E ¢folojo F

o‘?r% =g A

s}olo] AWS-ER70S-6°]1 ,

=

ZH2x Fo]l= ¢olo] AWS-E71T-1¢ &=
4L 1.2mm<S A&

6

/67/

/00

L/

50

6%
50

>

Fig. 4.2 Configuration of base metal
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Table

418 Aol A3 §H =A< vEd Aoy A4S 59mmE

IAHA AT, CTWD, §8&EE, AFAJES 77 HEA 718X HAFES %
&) st
Table 4.1 Welding condition
Fower source Fronius TP34000
Leg length 2
Flved ( Deposited metal area) 5.9mm( 17.5mm?)
ixe
. Ar 80% +CO, 20%,
Shield gas flow rate B /mif
Material Flux cored wire Solid wire
WER (mm/sec) 153 138
Set current (4] 250 260
Ewp, A
Welding speed (crm/min) 50
CTWD (mm) 10, 20, 30, 40, b0
Flux cored wire 61 107 153 199 245
WFR (mm/sec) e —
Solid wire 55 97 138 179 221
Exp. B Flux cored wire 124 196 250 313 360
Set current [A)
Solid wire 136 217 260 316 362
Welding speed (cmy/min) 20 35 50 65 80
WFR (mm/sec) 153 138
Set current [4) 250 260
Exp. C Welding speed cm/min) B0
24.5, 25.8, 27.2, 26.9, 28.1, 29.4,
Set voltage (V) 28.4, 29.5 30.6, 32.1

_24_




Flg 4301] 1/]']5]'% 7)‘33’4— %O] }\]":-']_T‘Ij_% 450 ﬂ@}‘]ﬁ}‘:’ o]’EHJ}]_7] Eﬂ__,_a
Hoz 438& APy on, Fig. 440 veld R o] olamYH
% Al Z=¥(WAM 3000N) 2.2 A %3ttt

of

Fig. 4.3 Experimental set up

Notebook Ar80%+C0,20%
Arc Monitoring ' Power
_ @ Source @
0o o Gas
® <@ )

Feeder

Hall sensor

Fig. 44 Equipment for experiment

FRONIUS
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Table 42 CTWD W3 43 5, ZH2 Foj= 9loloj9} &= 9o
ol H¥EF} L£HFE GRS Ueld Aol 12 0= PN FARC] P Sa
0.01%, 1%2 Y2 AL A & & giglon, TP 3o golojo H

= [e]

Table 4.2 Waveforms and section areas of WM

Wave form Section area of weld metal

Current : 200 A |

Flux cored
wire

li Voltage : 27.7¥ Short circuit i’aﬁo :0.01% |
H |
Jh J gy T T

Solid wire |=———

| Voltage : 29,6V Short circuit ratio : 1%
iRy

‘i
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432 247 HF LY Dol | X= CTWD S 4

ogt

Fig. 455 CTWD ®34% 2#2H, T slolojo] hj3t 2aa s &4

a8 FAE CTWDe Qo] tatel Ytk T2 o= ol
oo Afde CTWDZF S7hsel wet i dgo] gasta §88 &0l
Z7kse A Fol Ueha, S stolos s EYs ;o= 9
olosl WAAAZ CTWD Z7be] wWeh Zwdo] 74se &§a8l
Zrlehe Aol UEst. o]t CTWDS 7o ujel Qe 7as)
Egage 7= Qs Fol A3 AS Aolgta AddEAY. £ &
g= gojolr} T Tol= gfelolntt £ EEET o] BA e
ot
4.5 | -a- : Solid wire, Angular distortion =
- - | —A - flux cored wire, Angular distortion 5.0 0
D 4.0} | ~®- : Solid wire, Melting efficiency ] =
o) L | —O~ : flux cored wire, Melting efficiency || 453
& S a
3.5 |
§ Tl A—1 =
€ 3.0r \A 1*0a
R N e RV
7] ] =
S 2.5 X 3.5 0
| - i \A O O A :<\
8 20¢ ~FH < {3.0 3
= L O———O A\ | 3
c 1.5F A <
< E 1 R 1 R 1 R 1 R 1 ] 25 &
10 20 30 40 50
CTWD (mm)

Fig. 4.5 The effects of CTWD on angular distortion and melting efficiency
with wire type
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Fig. 462 CTWD Z7Fd @A F ¢folojo tfgh Hi# &S Deell WA
= CTWDS F&FS yed et 7 stolo] BF CTWDZF 571 & o
P& De7t A&t Aol et ol A dFg Rl F4
of Uehd 9folo] Agudee] Frted wE Adetn RoEo

Fig. 472 CTWD Z7to] @& &3y 2755 Jed Aotk CTWD
o] F7te wet JdEFol FAastAh

2.4r

| | Constant leglength @ 5:9mm
20T = =Sohdwire
1 6 —A— Flux cored wire

.\ Increasing in angular distortion

D, (mm)
o
/.
o

st B b
AL w4
0.4 B—Lep
.Concerned about lack of penetration
O'O 1 n 1 " 1 " 1 " 1
10 20 30 40 50
CTWD (mm)

Fig. 4.6 The effects of CTWD on Dp with wire type
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1.4

—e— Solid wire
1.2 | —2— Flux cored wire

1.0_— x\

Apparent heat input (kJ/mm)

o — |
0.6F -
10 20 30 40 50
CTWD (mm)

Fig. 4.7 The effects of CTWD on apparent heat input with wire type
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433 AMIAR FA &Y Dol MR E EHEE

of
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Fig 48¢ SASE Wa4® AnzA, T solojd] U 4N &
gEEe MAE §PSE 9P vstel Vet BYs ;o=
sfoloje] Aol §HEE/ Z/hgel wme AWPol Yy $§E
gol 27 Fhste APl UEREL, S sjolofg BSolE Fx
sol= stololsh vk AFel uehith ot §HEEY Fkel w
% QgFe gash $FEL F/h2 A8 AWl FaHAL Aoln

4.5 ~A- i Solid wire, Angulardistortion (15 &
-~ —A - flux.cored wire, Angular distortion A\ =
o] -@- : Solid wire, Melting efficiency 15.0 %
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Table 512 & FoAe A48 2718 vUed Zold. 543 44S
A9 TAAAD B 75l % =
42cm/min® 2 3le] AP S sl oH, THA FojE 9ol

o $HAME oldn] AME AgAPom, AZe BUHY A2y

Table 5.1 Welding condition

Power source Fronius TPS4000
Leg length 8mm
. Shield gas flow rate CO, 100%, 20L/min
Fixed
Material Flux cored wire
Set current (A) 350
Welding speed (em/min) 42
Progressive angle(?) -10,0, 10
Variable CTWD (mm) 20, 30, 40
Set voltage (V) 28.3, 30.3, 32.3

Table 5.2 Factors and levels for experimental design

Lewel
Factor Factor name
-1 0 1
w1 Progres(sge angle 10 0 10
x2 CTWD (mm) 20 30 40
X3 Set voltage (V) 28.3 30.3 32.3
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Table 5.3& J&# W< 87k, CTWD, ot Zolo] wE ZFHWHS9 3
T4 Dot 2@ Axs dehd ol
Table 5.3 Experimental result
Natural variables Response
No. Progressive angle CTWD Set voltage Penetration depth : Dp | Angular distortion
M (rom) (V) (rnm) (°
1 -10 20 28.3 1.422363 2.89
2 10 20 28.3 0.95785 2.65
3 -10 40 28.3 0.258881 2.31
4 10 40 28.3 0.087383 2.25
5 -10 20 32.3 1.504031 2.96
6 10 20 32.3 1.48125 2.69
7 -10 40 32.3 0.420219 2.33
8 10 40 ) 0.339475 2.27
9 -10 30 30.3 0.802734 2.36
10 10 30 30.3 0.430669 2.34
1 0 20 30.3 1.261075 2.71
12 0 40 30.3 0.2416 2.18
13 0 30 28.3 0.46399 2.33
14 0 30 32.3 0.720925 2.47
15 0 30 30.3 0.609556 2.40

_40_




Y = fotd Bx+) Bixxite 51)
i=1

i<

Y, =2.8052 — 0.1207X, — 0.1155X, — 0.0423X,

+0.0017X,2 + 0.0023X,2 + 0.0033X X, 62)
~ 0.0012X,X,

Y,=15.6162 - 0.0718 X, — 0.7919X,
+0.0010 X,2+ 0.0185 X;2 — 0.0004X,X,

e 9 23 FARSH oI, 4 (525 4
Table 4 sl 4 (61)& FalA et A5 vl Y

ol FS 1% Mtz wA= AS ALdAlA Tt A 3740

A71A, Yi: &
Yo: 7}
Xq: 213y 7}
X2 : CTWD

X3Z}éxoq;ﬁ?:}



ro

Fig. 52 ~ 54% 2] (5.2)& A&3ste] 287, CTWD, otaZold o
Q
¢}

in%s

B# &Y Drs UEW Aotk AAZe] $107 1052 252 AR

D7k AR 3L, CTWD7} 2ol A58 HEES D7t AX W, ofagel7} 7
4525 B4 Dt ARY. £ CTWD7L da7ta ofagolug
F49 Deel 2 AT A

10
o Progressive angle

-10

CTWD 40

Fig. 54 Average penetration to CTWD and progressive angle

_42_



i3

ol A8zt CTWD, of=Z ol tj

(5.3)= A&

©o Al
= -

Fig. 55 ~ 5.7

, kagol 7k Aoh A%

1932, CTWD7F #A

3|

17122 CTWD7} %133

=z
vl

Dpé} Wt

W
i
i

“Angular

distortion

Fig. 55 Angular distortion to progressive angle and arc length

Fig. 5.6 Angular distortion to CITWD and arc length

Progressive angle

10

@
o4

26
24

Angular

distortion

Fig. 5.7 Angular distortion to CTWD and progressive angle

_43_



H

Ztol HZAZt 10%=, CTWD7}
31mm, o] 31.7Veltt. ol ek A#A=Z & Yr = 06098, Z4AHEF Y,
= 2.3413°] Y-ttt

e Progressive angle CTWD Setvolt
D Hi 100 0.0 3220
Zur [100] [21.0] [21.70]
082667 g 100 200 78 30
Dp
Targ: 0.60
Y= 06096 N &w . By, =
d = 0.09930 \ /
Angular
distortion
Targ 00
v= 23418 [ By B
d=085933 [T \'{::'U T

Fig. 5.8 Optimized welding condition by minitab (flux cored wire, 3504,
42cm/min)

_44_



%

533 A

Ho

i

ok
jus A

1
T

Table 5.49} Fig. 5.9

3

ﬁo

K

g

mj

27} 1.770) V&0 2=H, 5410}

ZEA57F 1%7F Vskoh

]
—_

B
\E
o

w
B

K

o

i

Angular distortion
(deg.)
2.35
2.36
2.31
2.34
2.37
2,35
0.03
1%

Dp
()
0.7z
063
0.68
0.66
0.78
0.69
0.06

8%

J

A
~

)

&
N

(€]

=
=

Table 5.4 Experimental result

Mo,
T
<

Lvergge
Standard deviation
Coefficient Of
YWariatian

60

oq71M,Cp -
USL : 0.9mm (2t

US-LS )
g

-Bad8&Y D T3

o
M

LSL: 0.3mm (& 5

_45_



Angular distortion (deg.)

2.8

2.6
2.4
1235 A\ _&:K_;AMA_
2.2
2.0 " 1 " 1 " 1 "
0.60 0.65 0.70 0.75 0.80
D, (mm)
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