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A study on the electron beam weldability of 9%Ni steel (II)
- Effect of a, parameter on bead shape -
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Abstract

Welding defects, such as porosity and spike, have sometimes occurred in deep penetration
electron beam welds. These defects are known to be one of the serious problem in electron
beam welds. So, effects of active parameters (a,) on bead shape and occurrence of defects in
electron beam welds of heavy section 9% Ni steel plates were investigated. Partial penetration
welding in flat position, and deep penetration welding of 10 ~ 28mm depth were investigated in
this study. It is desirable to select low accelerating voltage and above the surface focus position

> 1.2 at which a wine-cup shaped bead is obtained to avoid the welding defects such as
spike and root porosity. When the accelerating voltage of electron beam was low (90kV), active
parameter (a,) did not influence on the bead width, penetration depth and weld defects
significantly, However, in case of high voltage (=120kV), active parameter (a,) was sensitively
associated with penetration depth and weld defects, i.e. when the active parameter (a,) was in
the range of 0.6 to 1.0, the depth of penetration was always over the target (23mm), while the
depth of penetration was dramatically decreased with further increase of active parameter (a.).
The weld defects were decreased with the increase of active parameter (a,), resulting in the
decrease of energy density of the focused beam in the root part of fusion zone
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Table 1. Chemical composition and mechanical property of 9%Ni steel used

Chemical composition (wt. %) Thickness
Remarks

o Si Mn P S Ni Sol-Al (mm)
0.07 0.25 0.68 0. 004 0. 001 9.292 0.033 23 QLT

{a) Chemical composition

Tensile property
VE- 19 (.D
YP (MPa) TS (MPa) ElL (%)
671 729 30 220
(b} Mechanical property
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90

W 7| BEANS HEF AlRe AAE 2AZ o
&3 e $HxASE MR aqtS 0.6 ~
1.69] WA 0.27tH 02 69A WHIAF
2HEEE JZE 1.2X10%orrol A 714 gt
AAQol &Yl FAH3 F7HekE 500mm/
min® 4ASA st FFEHALGE 90 ~ 150kV,
¥ M{E= T 22mmE lpassE £HE F AT
7t&Ag] FAAFY 50 ~ 70mAR AAH IS
o}

Hlo]= Z3} 8¢} o]+ profile projector (V-16E)
£ ALg3te] AES 20u 2 BhAA FAH S
A3gee 83F&9 FHEE JFLE KX
40mm G99 EA3t= 2L 20082 Foisto
Image AnalyzerZ 24389t}

3. agdn ¥ 17
3.1H[o|=gol 0|X|E a2 FY

IR R HE o] &3t A 4L 7
& @A A &HHE Ao] Aot utet
A SHZHA g} EEFE F5EYl g2
7] BEd, $HE2HL volxd FY A 9,
£4 2% S AHHA G wAA ok ¢
A g,z }E Hlojz=e] E g o9 WA E A}
sl Bokth, S£HAY R HAFHFE L HkV-
70mA, 120kV-60mA R 150kV-50mA%] 3Z2Ho2
CR kR =

a9 1 ~ 2% 3& 27}k 90kV-70mA, 120kV-
60mA R 150kV-50mA¢l 2o 2 §3HI A F a,
ol W& vlol= ddel AL Jebd Folth
2o gH2ANIYE agtel wEtA &Yl #
dloj= Zo zlol7t Am, AYe] ¥&FE 1 A
o]7} o}F & ZAgke] Ik W Hlol= L2 £4]
L7 HEFE FL AL B Ut

Z a9 1~ 19 3& 8laste Bd, 90kvel
ME a gl gAglel 2F 99l 3 (wine cup) 2
o] wlol= AL YeEla, 120kV R 150kVl
AeE A U= AU 370A YervE
AP A £E (wel) 2Ee Hlol= 4L Jeh
3 YAG, agke] & 1.49 LedAE 9¢ H
(wine cup) A& Uehz glE RAo] Aol

222

4o 8- 2 A

Ho

BOEN T8 S0t Wl B3 s 2o

d, e R i HEEEE

Epm

Fig. 1 Variations of bead shape with active
parameter
20BN -6 A S0mmmin, Wd A3u0 8 =1 < 2007 oy

D

4, 0 ! AT : A, 1d

Fig. 2 Variations of bead shape with active
parameter

90kVe) ZAe A A oA HE7k 2%
10°W/cm® (119 A3h) 2 wwa vz, Az

Journal of KWS, Vol. 15, No. 3, June, 1997



99%Ni 7ol A S8 B AF (1) - ¥ol =34 v A& a, parametere] B F - 91

9] AAE 1.5mm W2 ZHAXE FAHoR 4
23] Qe wgoiM vl e Yehl 7] g o
23 AzbEck Ed, 120kV 2 150kVEE a,ghol
1. 4ol = 94l 7 (wine cup) E¥o 2 ¥}
B A HEE Ay YAz AlHe Fo
A del "olx Q7] wie] uslder) *g B
gk oluel Mxple] A7)z AX 7] Wil -
Rog Azidrt,

30K V-30mA-S0tnun/min, Wd 439, @y o1 L 2 ey

a, 6 RARIR R

Fig. 3 Variations of bead shape with active
parameter

O 4= Y AREZ R ZH3 o= 9
W3S a3t 9] W Wt Yelbd Aol Hol=
Zo g9 (P/SEAD, HHAA §9019) 1/2 A
APz EA) oM FASAT. 90kve B,
afte Wt ol ¥ wols £ =7 WHals)
A A, oz dEel F¥o] ¥ 120kvel
150kve] Aol §AIgtel YEhtn Aok F
120kVe] 7%, a,gko] 0.8 ~ 1.29] oA BH
Hlo|= %o} ¢ 5smmAEL FAU, olF "Holy
HeolMe F7h3tel. 61 &30} & 150kvY]

KREBEHEGEE F158 FEIW, 1997F 67

500mm/min, bead on plate  <I.2x10™*torr
14 1
B 90kV A [20kV @ 150kV
12 |
- * P/S: Solid mark
0l P/72: Open mark
’é‘ P2 P
E st
§ 6 I
4+
o 1 1 1 L 1 1
0.6 08 1 12 14 1.6
Active parameter (a,=D /D)

Fig. 4 Variations of bead width with active
parameter at various positions

A%, a3k 1094 vloj= Z9o FA o] e}
£ Aol EAoirh

230zl 1/24 4 9 Blo|= Z2 &3 FHd &
Aglol a,gkel 1.0018tell A A sAIR, a3kl L
0o} doll A <kt Ftale AE Jelz, F71
Zo 90kVE T} 120kV R 150kV7F 2th =3 B9
Hloj= %28 1/2x]4 9] vlo|x Zx )} 2-3uf o)A
Eh=

O] AL AH1BAME AF3 ulet go] N&AQt
o] 90kVellA 120kVE Z718hd o= T x 7} 2u)
2 Z7sle 4x10°W/emPell o213 H4 HA)
A% o ImmA =2 Fopxith, upeta] 90kVel A
= U] gstd H4 g9 o= Zo] 239
2 B9l g,k 0.8 ~ 1.2 94 veldm ¢l
o}, 283 £9%019 1/2 YR|oA Hol= EL
agtel 71t wat ¢k 1 Smmel A 3mm7bA] &
wEA F7tehe AEE Bojx 9o agkel 0.
81 1.0 YAldlA 71 FHE 1.6mmE JEM
o}, o3t At A45E AxYo] AR HE (a-
LOoA HoldFE AR FEHE A9
dlux] D& #at ol 27|71 AR wEd b
ol= £ Zrgd. wetd ALE ARYE A
B FAolu} okt ofdllol )&t Aol Ay o

223



92
Uz EFES SN AAAY vloj= £& &
A e EHAHA HHYE & 5 U

EE, 150kVe 2AAAME a,gke] ZF7tel wet
PEe ¥4 dlol= Fol AFES & e FI
o} £4Aole] 172 AN E agtol 1.0013 &
2 Z2ge o 3mm7hA] Fopstn Utk o)
7L 150kve) A VX =t ¥3 JE5E
& Qe AR Y A7) FE Bk ohvg} AR
ol A el ule} o] &g AR Q] FRldA
A Y =Z7)7F A AL O0kV) o vlE| & Zo2
W gksly) o veld Ao dNd. F,
ANHe o] A4E A$-@s1.0 M 2 8
A vlol= EZ e Ao AZtEHY, J&E
Aol FHdA HojAFE AlH FHAAN H
2R 9] H7)e AR Wi AR FEHE A
A 9] oz e ot FEF IIES A
32 &l FH Hlo|= E& FrletA @0k 2
B £43ol9 1/2 HANA Hol= FL a8kl
Z 73t whel 120kve] 399 et 2 Skt
2718 Yehi 3z A% a,70. 89 A 7 22 1.
4mm9} Hlo|= E& JEldS ¢+ U ol 2
o] EH 81309 1/2 A A Hlo|= Fo]
743 2 A A =HE a3t $A7F GE olfrE an
L0 A% BHAA F&dE AxYe =717 74
Z A7 g&o BHAA vloj= Zo] 714 HA
veti= wbd, A9 oix] &4l A U
Bz Aakle] AR 4 & A 59 ¥
x| 2] Fgo] Aolx|7] o] voj= Fo i}
A 74384 gk a8y a=0.8% ASdde A
" AApfo] AW Yo X517 G EH
Hlo|E E& tid FU3IA N AJH g Fol A %
g AxYe 377t An UE AAYY oy
AP F&o| 27| WEQY A2Z AZEH

ojloz RE 7i&Ate] 90kVel A 150kVE
Z71ES5E vjoj= P44 92l Y (wine cup) B
Ao A B (wel) Aoz WEsa, BY H|o)
=9 HAZL 6.5mmolA HA 3. Tmm=E #4E
£ o 4 vk &3, EW o= £ 5.7k o
A Wetn 1282l 150kVAl A E a,=1. 0914
H4 9 g9 vjol= Fg YERYRAT

O 5 2% 1~ I% 394 &4 AW a3t
of W gzoly) WtE Al Holvh WA
9kV 29 A% aFtel WE £YdgolE 10 ~

224

#0582 3 &

500mm/min, Wd 439mm, av=1 <1.2x10~orr

40

35 | I —m— 90kV —@— 120kV —k— ISOkV;l

15

Penetration depth (mm)
8
T

ol v
04 06 08 1 12 14 16 18

Active parameter (a,=D /Dy

Fig. 5 Variations of penetration depth with active
parameter

13mm ¥24 1 ¥drt adx ax g, &
3=1.08] 7IFRY & WA= £ddolst
BmmAEZA AFEAT, 2 oA
10mm A XA A48t Yo}, o] AL gojA] A
Halg AT, 90kvel AN YR dEI}F 2%
10°W/cm®2 wnz 3 AxYe AA4E 2312
22 W& HololA ulsg ghs YER7] wEol
g3 Aztach ey 120kV R 1506V 239 7
S+ agol 718 e 4ol FHEk
Ho) g vehd ¥ oA JAH gaste AYS
Bolnl, olg)d ) A& 71Foz & o a3tol
@$e Zo] & Zof vl3 §°] At #vfEd
Z2FHYX7E AR PR EAEHA =Hw AR
ATt ALY 25 24 duA e FF+ A&
BE&o| F7] ol

whekA] 120kV 2 150kV 220 A 498 s &
7} 13 ~ 23mm 2 12 ~ 27mm A Eoluf, H &
QlZolEx 712} a,=1.0914 23mm 2R a,=0. 8%l
27mmA To)th. E3h, 150kVe] Aol AEA F
A 23mmAEY £l Ay] A% 2AL
a=1. 048 ¥ & U

o9} o] LAY (=120kV) ZA A a,gkoll ut
2 Y454 933 YedE AL A AL (<

Journal of KWS, Vol. 15, No. 3, June, 1997



9%Ni 7+e] AAY SR Aol BF AT (1) - =F

90kV) Zziol wish ouix] AEst ¥, W A
= A7) fEolvh £ agtel mE §dold
Aol AU WE o 2P we P
cavityd] 27, 8§F&5] MEFETAE 7A@
. & al.0 F2AME HaHF ) dapge] A
W ol st A Wxr HUE H
I, &8 A% BRAATRIL Fob EF5el
e 2asA Aok mebA W caviyoll &
FE&ol vFE ARke] T FolA7] W 2
& 898 @A "ok =T acl.og] AsolE 7
o Aol AW YRl AXNFL2M Sl &
BAATHS 2717 St &g F &l AA
WEE B ofue A Rol e A A
7h A7) HEel &% AA g a2y apl
021 Bfols Aage] 23] AlHel AFol 9
A7) B A8 EAAA S §Fol o7 AT
F7F AN, AE WRE Z9E dyA] dert @
of BriHoz &1l HopA Ark

Eg, RAEE WA 2H AR AN G
o A& W@yl AHA FEHE A 2
V% 23 48 W AUE AUt AN BE
AR ddch WA 2HAAL WRA A
B @0 Aoz dApge] A 4 W
gagol A7) W AURNLYEs} 258 o]y
& 4L oS FRIA HEa s & F
Ak,

1

3.2 aygtoll & SHF HE UMEY

autx oz [ §4AY AL Ay g
E RELYY Afdd 24y, 2 FFE 7T,
cavity, spike, 274, L2ddS S thakst
o} ol23 AFEL T2 A 2 Qg EA
of &E3tA dch AE EAAME 0, N, §
b2~ % Mn, Mg, Zn%s LA Y949 g 2
3, /1T e v migsittn gA )
E AR EAAAM F23 AdAle 2HE 29
G4, YA dESH a,gg& v Esle A7 ol
A AR AdgEel FEo] Fasid, w3 0
5Smm AF7} root 71 F o] ZAsE FAGLR H
o] e}, ”

olz1 gt AAE FoAE 53| a g &dol
vk olvzt AHAAE HLdlE FAARA

KEBEHBEE $15% $39%, 19974F 68

o] u] 2] ¥ a, parameter2} g3 - 93

Mg HES &7820 L a gk "ol 2
o) B Ax g HESIYh

19 62 a9 7tEH Y 2 spiket A 5 &
a9 1 ~ 39 272 AYPste] Hadk Aot
%, 90kve] ZAANAME a0l #AIGle] spike?l
root 4ol 4713}l blunt spike’t AT} (2 E7
Zz). ag} 120kV o] el A= a9 A oal
spike root¥-7} ¢} o@] %}t sharp spikes} €9+3
blunt spike?} YebdE & 4 Ao (2Y 894 9 F
x). ol¥F A ol AYFh upelgio]
WPkVEHAME agholl w2 Axp =73 A7)
W37} 25 Bk ol oA Yest | fE
off blunt spike’t FAH = Hog AZd}. 18
v ZHY(2120kV) AAM = a,3kol whE Ay 7
79 A7) W3yl 33 dyx YEE =27 &
o, 53] 3,<1.09] A4 DU oix|7} 7
Z& 539 AHY rootHel] =EE FEo| FI}
stA €vh. matA spEHEge] F4E sharp
spike®] A o] WoiX| a1 a,<1. 09 F7olA
sharp spike7}t 2 & 754 0] FolA| A Hr}. o]
AL §A4FE dowat F4 At s el
W ag 7~ 28 92 H¥ blunt(90kV) 2 sharp
(120kV, 150kV) spike®] A4 o] & el gl
t}, E3k, o]E sharp spike®] FHdlE o 2)glo]

210

Blunt spike

g B

Accelerating voltage (kV)
&
—

60 - No spike

30 1 1 ] 1 L
04 0.6 08 1 1.2 14 L6

Active parameter (a,=D, o/D,)

Fig. 6 Variations of spiking phenomena with active
parameter and accelerating voltage

225



94

90KV - 70mA - 300mm/min, Wd 439mm, ah:l.()

1= 7]%’——% Ef}fh‘s}ﬂ 7] w7 sHEHE gt
ahg):oﬂ w& =

Iy 10 ~ 12: 71ERA B vl e A
<+ (90kV, 120kV, 150kV) % a,gtel BAIE el
Ro|th, 7FEAYe] FESE Ty 71w
A7 gko] Yehta glom, a,<1.09 Z7elA F
2 drgsta gee o & Aok 29 103 2ol
90kVAl M &= 0.8<a,<1.29] B YoM <kzre] A
o] &A3tA T =771 0,001~0. 0lmm’E o} 2
gttt eyt 7St 1206Ve) 19 119) A S 0.
8<a,<1.0 A 7H¢ &€& Aol wA=T
&S BoFa Qlar o] W E Woldo| ute} @
ol £ FA3 7FAdts AT Ui
B, 150kvEAe 7132l E4E JEd 1%1
1291 & agtel 3718l wet 7l Ze &
3] Z4AsA Tt ab<1.09] 2HAA F2 LAs
glth. 53] a,20.69 27HA 7} wWol HAE L
.9_ <o+ :‘I: o]r/]. lIﬁL }56}2. root- 7]5'—0] e

o] F1 3, BEZHOZ cold shut ¥ ZAA
7 wd e AR ¥ BRFo2A,

=

2 ol 32

> m‘o

226

90kV-70mA-500mm/min  <I1.2x10% torr
250
W >0.1mm?
200 R 0.05~0.1
B 0.01~0.05
Z i 0.001~0.01
g 10| H <0.001
5
E
£l
=
4
50
[1] Ln__m_m_m_——_]_

0.6 0.8 1 12 14 1.6
Active parameter (a,=D /D)

Fig. 10 Relationship between active parameter and
porosity

Journal of KWS, Vol. 15, No. 3, June, 1997



9%Ni 28] AR 4 A ) B AF (1) —¥lo] =8 4ol v]X & a, parameters] B - 95

L 120KV - 6timA - 500mm/min, Wd 439mm, abzl.()

< 1.2x 15 torr i

a, 1.2 a, 14

a, 1o

Photo. 8 Longitudinal sections through the roots of partially penetrated welds at various active parameters

G e FFE 1206V A9 Aol v
=3tk gy 7| 3L 120kVe] A$HT vz
A5, 9% 52 FHe 7)|FE0] N2 §34 =2
I AA 507 FuHE Jeliy, dAgE #ge
5 ripple Aol Ao §7HE Q] cold shuto
Z2HE 24E Aoz AU, o|gtgo] 1A
ol 42 root 71Fo) AX L HAEE a,9)
B s AL ndyA "5 Az 9
g B8F4Y 5N 719% Aor Hzty
I FI HE rootfoA dolyr] dFEo) 7Fo
2 ZE37] A2 Az sy

olde] ARES THA A9 AL spike,
53] ofe]dt ¥4& 717 spiked) EA 9 A@A o]
ALE & F Ak Fig. 60l A B ¢ s vie) 2
o], spiket THAYLFE FAH7 du, 1dY
A A E agkol 1.0013le] 94 By oA o §
4E vedth. & d3F spiked FA FAE
120kV o} 4] s el™, 120kVol A+ a,ghol 0.
8 2 1.09 HelolAxt, 150kVlAE 0.69) A
AME FAEEo 2 A9 gz k. E o

KREIEHRBREE F158 HB3%, 19974 67

L4

120kV-60mA-500mm/min  <I.2x10" torr

B >0.1mm?
200 L & 0.05-0.1
8 0.01-0.05
2 0.001~0.01
g 150 Il <0.001
L™
[
e
£ 10
s
z
50
0
0.6 0.8 1 1.2 14 1.6
Active parameter (a,=D /Dy

Fig. 11 Relationship between active parameter and
porosity

227



96

4 &

14 < 1.2x1074 torr

a, 1.4

a, 1.6

Photo. 9 Longitudinal sections through the roots of partially penetrated welds at various active parameters

2 W= o 23mm ol 49 £4delE YE
e 2740 25 23

%98 blunt spike’t YEME 2,3k 992, A
Aol 90kVellA = 0.8 R 1.02] ¥Holn, nlm
A mAY 120kVel e 1.2 B30k o8
agte 14 ~ 20mme] FYF 7 4ol E YElE
z27 FAAT dR3E FozA, &9 4
#AHE HolX| ) AukE o= spiked] AL
942 S8ELH AAY cavity AGFAA &
§249 A e 2 ez A A3

Z, o= A oY oA dEE A A
ZHlo] AlWel ZAIEWH, 2 BELS £
2§93 Zsl7]) wio 2L o] A 7}
A5 A gk Spike ol mdo] BQAS Y
o 93 YA E8F5e du R ZAF A
Eo &4 B M= 4 S wAdt o
A AT G332 ABAY spike BAS F
2 duyA dx9 447 495 £¥9 I1H
& o] Q12 Ao Ao A V0] 231
o AAHAYE AESY] A8 AANG RAE o] &

228

150kV-50mA-500mm/min  <I.2x10" torr

M >0.1mm?
B 0.05-0.1
B2 0.01-0.05
0.001~0.01
I <0.001

Number of porosity

0.6 0.8 1 12 14 1.6
Active parameter (a,=D /D))

Fig. 12 Relationship between active parameter and
porosity

Journal of KWS, Vol. 15, No. 3, June, 1997

~>



9%Ni 7ol A FgAe) B A7 (1) - Hloj =¥ del v]A & a, parameter] FF - 97

8t HEFH

F, 22X AEE R e al.09 =
AeAe AHE™AA A=Y 2 Ho| a7 o
Bl AR cavityZh 2A PAES, = A2
cavity AdFeME oA d=r} g1, R§F
&4 dudle Jealfie 2290] o), =
A §g&F4&0] €A AAY cavity o2 vj@ s
o, cavity A&iolMe a4 8§80 714
g ez AZHEHd a8y oy dAm
120kV oj4te) ndga} el AQdEz #3348
agte] HY Wl dAse, ¥4 duxAx
7} AL ANAE L AT &, 120kVE a,=0.6&
BAZAEL olua, 150kVe a,~0.6& &4 It
de THHAT AP cavity Ao 219 o
Ad= R 8§F459 5 FAHe] Al 7

Eol MR XA & Aoz AZd,

¥, ABEEHA 2ol YA a=1. 004 =
HAY AAY A o] #AAadtd £EFEHY wE
T7F ForA 1L, cavity AR A9] oz Wx
5 9%zt A3lElr] Ao FRHE ofsit), ot
A 88F50] AR cavitylo] tha ZE8HA H
I, 3 RAME g7ty L£gFEo] FIFRY
A7l W) 844 L4 T4 F U
2y o] Fee oA AEr) AoHes wo}
120kV o} d9] mAgtoA BdS L8840 U
Hoz UAY Aol

ol oA AFF F 2ARE dF 2FYA}
AlE Aol E2A3E al. 08 2AANAE, E9
N 8] AP cavityw AT 1 Aol A of
WA A7} ] dEoll, A cavity shiol] &
F3&0] ES) gk wgal ol F 2AA
£ BEdS 8890 A9 #4584 et 2
g 2 Addge e A8 velgAwt o] 24
M x 7t AA AT agtol 1,09
7V RAAME spike’t BAHE + L Aojth
ojZgt A& HA37] A5t o7 7R Ao
ol MLV AT ZEHA HAHL o}
e Aot olg AL EdFHog Az
IAE BAd 7]<1d Rel7) w Bl 29 94X
g 2338 AY 9 oscillationg £t A=
€ AStA7]= Wile] Yutd o2 43 gt

KRG REAEE BI5H H3W, 19974 6A

4. 8 g

7t AT a3k WE 8HREY £ R u)o)
Y43 AL BYE FEW A9 e
& 48§ 4

1) 90kVe] 2% a,gtell BARe] B vo|= &
€ 6.5 ~ 7.5mm, #312°]9] 1/2 $iAAA uje]
= && 2mm H2A Ao YAsILen, H o
= Y4e 2% 99 F (wine cup) ¥AH#E UEhy
o] ¢fzte] blunt spike’} ZEE B 7)F WA o)
107} ol&2 o}F =gkt a8l: agtel ©tE &
dZgolE= 10 ~ 13mm BHEA W3y} Hon 5,
<10 M E 90207t 13mmE YA
aby1.0 ol A& 10mm 7] 484},

2) YR YEr} & 120kV L 150kV ZA A
t 22} 0.8<ab<1.2, a,=1.001A] E9 uje]= =
o} 5Smm¢t 3. Tmm7tA| AU, HRE A
A $-E (wel) 29| vjol= P4E YehyyA vt
2,2 1. 4195 99 7 (wine cup) Aoz W 3}s
k=

3) AL (2120kV) 2219 A4S agto] 0.69)
A 1,622 F7h3te] Wil 913071 o8t §
k& YEbd F ohA] " gadtes A% Ho)
o, oleF HWHL NFeE & uf a3k B2
Zo] 2 ZHo vl £4lo] U}k F 120kV R
150kVell 4 o] &A= 42 13 ~ 23mm ¥ 12
~ 2Tmm HEo|H, Huj &ddole Z7 anl.
0914 23mm 2 a,=0. 89 Al 27mm ol E3F
150kVe] 22 EEAN F72 23mme] £4]
o] 97 A% =1L a1 0¥ o] F1E QYT

4 FEES 2NN HAEE Ao Ry
< root¥ 7] &I, cold shut® GANE #IA 2
= FEAHOZ AAHAUY. ol AY 2L
spike, 53] <213 P& 712 spiked] EA<} B
T 2840l Atk F spkes TAYLFTE §
A7) g1, AL (Z120kVAHE 2,<1.0 o]
sle} A MM d2lg P4 veldo g,
AUz 4= 2 L§5&9 EXo g3e vt}
o Addd,
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