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Report No. 6L2/113 %H%W%’})}%%)ﬁ%’?

Watertown Arsenal

S UNGLASSIEIFT

Test ¢f Five H Pl-te~r ~ 1 Inch Taick Rolled Zonogeneous Armor
Welded with Plain Carbon, Low Alloy, and dedium Allgy
Ferritiz Zlectrodes at Watertown Arsenal

0BJECT

To carry cut ballistic shock test and metallurgical examination of
supject plates in order to compare the shoclz recisteace of Jjolints welded
with the threc electrodes and to determine whet:er a post heat treatment
of the plate results in any improvement of shock resistance of the welded
Jjoints.

SUMMARY CF RESCLTS

1. The low hardacss sad inferior ndv"it 21 prererties of weld depo~’,“
made with plain low carbon electrode resvit in inferinr hallistic perfoor-
ance which is rot materially improved bty rost “eat treatment below the
critical (1000° F. Ffor 3 hours, air cool)

2. The improved veld metal properties of joint made with low allor
(. 1o% Mn, .38% ko) electrode result in sorewhat improved ballistic por-
fornance. Post heat treatment of welded plate (1000° F. for 3 hours, air
cool) which tempers excessively hardened structure of nlate metal adjaccnt
to root and crown Deade and vhich may to some extent relieve residual
stress across welded joint, inproves resistarce of this type Joint to
ballistic shock .

3. It 1s indicated that a joint rwdo with mecdiun alloy (2. 17“ ¥n,
.85% 81, .13% Cr, .30% Yo) and welded with suitable technique to avoid
excessive weld harcening of plate metal may resuli in a satisfactory type
of ferritic joint.
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Covered Medlur — Arcos “-nganend

INTRODUCTION

The tests described "in this report represent an attempt to obtain
data in answer to the following questions:

1. Do joints welded in armor with commercial tyves of covered plain
low carbon ferritic electrodes have satisfactory resistance to ballistic
snock?

2, What benefit may be obtained dy adding small and medium arounts
of alloy to low carbon weld metal?

3. Does a draw treatment after welding have any effect on the bal-
listic shock performence of low alloy ferritic weld metals?

The size of the E plates used for the test was substandard because
of limitations of test range facilities. The results, however, are be-
.leved to be comparable. The number of H plates was limited by the quan-
1.ty of armor plate of the same type compositicn and processing available
“vr these tests. '

TEST M4TERIALS

The armor used in making up the H plates for these tests was 1 inch
tiidck rolled homogeneous, made by -the Great L:l:es Steel Corporation, and
“eat treated by Simonds-Saw-and Steel Compeny. Chemical composition of
the plate was apnroximately:

LY Mn Si Cr Mo § E Zr

.28% .85% «55% . T0% .21% .026% .028%  .06%

Plate was quenched ard drawn to an approximate hardness of 310 Srinell.

The welding electrodes used were: Chemizsl Composition of Weld Deposit™

Type Trade Jame € M 8 O ¥ m [
Covered Plain
C Ferritic Murex Fillex 06 .55 W17 = mem omm -
Covered Low Lincoln Shield  _—_
Alloy Ferritic  Arc. No. 85 .08 40 15 .ob .38 N N

Alloy Ferritic 2 U8 13 2.17 .85 .13 .30 Nil il

* Cherical analyses made on pads of veld metal deposited
on mild steel plate according to Arerican Welding Soclety
A.S5.T.4. Specification A233-U2T, %0 rive a weld deposit
unadulterated by rlate metal.

—




TEST PROCEDURE

Welding and Heat Treatment

H plates were welded as follows:

Plate Zlectrode Post Heat Treatment

HF-1 Plain low carbon  None

HF-2 L ¥ g Crossbar cracked - rejected without
ballistic test

HF-3 L " t 1000° F, for 3 hours, air cool

HEA”-1 Low allioy None

H8H-2 ! 4 1000° F. for % hours, air cool

HM-1 Medium alloy Fone

The parts for the I plates were flame cut with a 30° bevel after pre-
neating to 400° F. by neating torch operated manually (temperature checked
by Tempil pellets), and the cut surfaces were lightly ground to remove any
excess scale and irregalarities due to cutting.

Details of weldinz are given in Appendix A which includes a table of
all welding data and two sketches showing sequence and deposition tech-
nique of welding.

Each plate was assembled by atrapping to a cast iron platen. A root
opening of 1/4 irch with the 60° single V joint backed up by a carbon steel
strip 1/4 x 1-1/Y% inch (see Fig. A, Appendix A was used. All welding was
carried on with the armor preheated to a temperature of 125° to 17%° T.

The two leg welds of each H plate were completed before starting to weld
the crossbar. Tze nlate was allcwed to cool to approximately the 125° to
175° F. range tetween passes on all welds.

Post heat treatnent was carried out or two nlates by furnace heating
for 3 hours at 1000° F. followsd by an air cool.

Radilographic Examination

Following welding, t-e crossbar weld of each X plate, together with
#¢ §-inch nortion of each leg weld adjacent to tne Jurction, was radic-
sraphed to determine whether any cracks and lack of fusion or incomplete
netration were present. The welds examined were fcund to be free frem
these defects.

It should te pointed out here that the seccnd = plate welded with
the low carbon electrode (#F-2), develoved a crack in the crosstar veld
wpon completion. There is no avvarent reasou valch can te suggested for
this occurrence since Ttoth HF-1 and HF-3 were welded sinmilarly end no
cracks developed =rter welding.

2allistic Shock Tests

The plates were tected at the Watertown Arsenal 100-yard range with
plates normal to tie line of fire. T.7. MRl 37 nm. vprojeciiles were used.
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Hits were aimed for the leg welds 3 inches above and below the crossbar
intersection.

Metallurgical Examination

Following ballistic testing, plates were photographed for visual
examination and a section was taken through each crossbar weld by abra-
sive wheel cuts for macro, hardness, and microexamination as detailled
below.

DATA AND DISCUSSION

Ballistic Test Results

The results of bzllistic shock tests are given in Table I. These
tests were made on substandard (18 x 18 x 1 inch) H plates with a 37 mm,
test projectile. Since the velocities and locations of projectile im-
pacts varied somewhat from plate to plate, it is necessary to make al-
lowance for the severity of shock test in drawirg comnarisons among the
five plates tested.

No data are available for comparison of these results with similar
plates welded with austenitic electrodes. However, tiie higher velocity
of testing, 2000 f/s, represents a falr test for virgin armor of this
thickness and would be expected to differentiate betveen satisfactory and
poor welding procedures with austenitic electrodes. The scope of these
tests was limited to a comparison of ferritic electrodes in order to in-
dicate the most promising avenues for future tests and comparison with
austenitic electrodes on standard H plates,

Visual Examination

Figures 1 throug: 10 are photograp:s of front and rear of each plate
after ballistic testiig.

Hacroexamination

Figure 11 is a photosraph of cross section of welded joint from each

of the five H plates as orepared for macroexamination and hardress survey.

These specimens were taken through center of horirontal crossbar of each
5 plate.

Macrophotorrapns illustrate derree of eliminatior of heat-affected
structures in the two smecimens which were sutjected %o the post heat
treatnert of 1000° F. and air cool. Svecimen weided with Arcos Hanganend
electrode is seen to huve a relatively narrow root ovening and rather
sharp definition of neat-affected =zones in rlate et:l Yorderirg the weld

Hardness Surveys

Vickers-Frinell hardress readirgs across tcp, center, and botion of
. ‘
weld cross gections aro plotted in Firc.12 througn 1lo.

L

............
-------------------

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

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

——

[




B ) Y80 )

Figure 12 represents hardness survev of joint welded with plain low
carbon Murex Fillex electrode.¢ Maximum hardness in heat-affected zone
of plate was approximately 355 Vickers~Brinell, as compared with a plate
mital hardness of approximately 310 and weld metal hardness ranging from
145 to 210. .

Figure 13 rcpresents hardness survey of joint similar to the above,
except that it was subjected to a post heat treatment at 10C0° F. for 3
nours with an air cool. The hardness of the heat~affected zone of plate
ias been lowered only slightly by this treatment, and the hardness range
of the weld and plate metals are apparently unafrfected.

Figure 14 represents nardness survey of Joiat welded with low alloy
Lincoln Shield Arc Fo. 85 electrode. Maximun hardness of heat-affected
zone of plate was approxima’ely 470 Vickers-Brinell at wocot, 310 at center,
and 440 near the crown of weld as compared with late metal hardness of
about 310 and weld metal hardness ranging from 190 to 240. The maximum
hardness is considered to be excessive and might be expected to have an
adverse effect on resistance to ballistic shoclk.

Figure 15 represents “ardness survey of joint similer to that of
Fig. 1U4, except that it was subjected to a post heat treatment at 1000° F,
for 3 hours with an air cool. The maximum hardness of the heat-affected
zone of plate metal was reduced, to approximately 350 Vickers-Brinell, by
this treatment. Weld rietal and plate metal hardnoss ranges are apparently
unaffected by this heat treatment.

Figure 16 revwreserts hardiess survey of joint welded with medium al-
loy Arcos Manganend electrode. Maximum hardness in eat-affected plate
is anproximately US0 Vickers-3rinell rear the root, 375 at the center, and
510 near the crown as cozmared with vwlate metal rardness of 340 and weld
netal hardness ranging from 250 - 430. The hi~h weld metal hardness near
the relatively narrow root is exnlained by sreater carbon pick-up from
the plate. There is a verr pronounced hariness cradient in the plate netal
(about 200 Vickers-3rinell) between the weld quenched zone immediately ad-
jacent to the weld deposit and trhe weld annealed zo:e at a slightly ¢reater
distance from the weld. Tre excessive maximum hardrness and the sharp hard-
ness gradient in the rlate nmetal would be expected to result in a bal-
listically inferlor joint under s-hock test. On the othermnd, tre higher
alloy content of t-he weld metal might result in sreater resistance to pene-
tration of the prciectile or tearing due to the s-ock of impact.

Vicroexamination

Figures 18 through 23 shew typleal rmicroetrictures of armor plate and
welded Jcints of each of t-e five X plotes. FProtomicrograris were taken
on the sane specimens tsed for hardness gurvers a.d nacrcexamination,
Locations of the plotomicrograrhs are indicated in Fig. 17.

Fisure 1€ shows structure of Yoth the "ags welded" arcor plate and the
arsor rlate alter a nest “eat ireatwent o 1C00° F. for 3 ncurs with alr

cool, at 100 and 1007 masmificatio ¢ in resions wmaffacted By welding hent.
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Structures are acicular tempered martensite, typical of quenched and drawn
arior plate of the type composition used. There is very slight, if any,
evidence of additional temmering in the post heat treated structures. The
brilliant white rectangular areas visidle in the lower right hand figure
are zirconium nitride, nonmetallic inclusions, occasionally :wvwen in Great
Lakes' armor compositions.

Figures 19 and 20 include views at 100 masznification of weld metel
aear the crowu, near the root of weld and at junction of weld and plate
netal for the joints made with plain carbon Murex Fillex electrode. - In
all weld metal pictures, dark areas are precipitated, generally sphe-
roidized, carbides in a white ferritic background. The emcunt of carbide
in the weld metal depends upon the amount of carbon picked up from the
plate by the weld metal, a function of the volume of weld deposit, and
ths welding technique. The form and distribution of the carbide depends
upoy the alloy content and the cocling rate of the weld deposit, carbides
being finer and more wniformly dispersed with more alloy and/or faster
cooling rates. A comparison of Figs. 19 and 20 indicates that heat treat-
iog at 1000° F. for 3 hours with an air cool did not sienificantly alter
the weld metal structure.

Figure 21, representing microstructures of tie low alloy Lincoln
SrteTdtArc—No. 85 electrode joint, includes an additional view of weld
znetal at center of weld deposit, and a view of the hardened zone of plate
netal immediately adjacent to the crown of tihe weld. Thls latter area is
secvn to be martensitic, a structure of high hardaess and strength, dut
Jow ductility aand high stress, which is often responsible for the initial

_failure under vallistic shock.

Figure 22 represeats a joint, similar to the adove, which has been
subjected to a post heat treatment at 1000° F. for 3 nours with an air
cool. In this weld the martensitic structure adiacent to tiae plate has
“een tempered by the heat treatmont, eliminatii: the objectionable hard
structure. Structure of weld metal itself has not been significantly
altered by the heat treat~ent.

Figure 23 reoreseats nicrostructures of a medium alloy Areos Kangan-
end electrode joint. The weld metal pictures indicate a much higher
carbon pick-up from te »late, There is again ~ hardened, martensitic
area in plate metal adjecent to crown of weld which might have adverse
effect on resistance of joint to balllstic shocw.

GENEPAL CCUSIDIRATICNS

The plates welded with »lain carton, Fillex, electrode are showa by
rallistic tests to be inferior with a teadencr to feil through the rel-
atively soft weld metal denosits. Heat treatins fer 3 hours at 100C° 7.
and air cocling 2ces nr*t changa the structure ucr iorrove the physical
vroverties of tlile weld ~etal and consequently dces net improve to any
aporeciatle extent its resietance to Tellicstic erccx.

e

o
L
)
@
X
.

L e




' The vlates welded with low alloy (.40% Ma, .38% Mo) Swierd—4re—No: 85
electrodelhave a weld metal with slightly improved nardness and strength.
Tre "as wélded" plate has, adjacent to the weld deposit, a brittle heat-
affected zone which was a ceuse of fusion zone crackizg during ballistic _
test. Stress relieviiug tempers the hardened zone aad improves the be- PY °
navior ¢f this joint under ballistic test. )

The plate welded with Areoe ianganend electrode,(2.17% Mn, .85% Si, v
.13% Cr, and .30% ¥o) had a weld metal deposit more nearly approaching
the unvelded plate in hardaess and physical properties. In spite of ex-
cessive hardness of weld-affected rlate adjaceat %o root and crown beads
of weld deposit, the plate stood un very well under tellistic test, which
unfortunately, because of placing aad valocity of shots, was somewhat less
severe than for some of t-e other plates.

It is indicated that a weld deposit of approxinately the same alley )
cerposition as the arnor plate uay result in a satisfactory type cf fer- o o
ritiz weld. Through vse of proper welding technique, with attention to '
suitable preheat for larins of root Seads, maintennnce of reasonatly hich
interpass temperature and suitable vlacing of cnnealing beads, the harden-—
ing of weld-affected nlate metal, with attendant tendency toward formation

N

of hard craclts, may be reduced. 'iere naximum hardness of weld-affected

®° ..
o

. plate is excessive, stress relieving or other post heat treatment for the
. pwoose of tempering this structure must be concidered.
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TABLE I

BALLISTIC SHOCK TEST DATA

(Prcjectile - 37 mm. M51 T.P. - 100 yards - Normal Ilmpact)

L e
Plate Hit Str. Vel. Remarks
HF-1 1 1999 f/s Hit left leg about 3" above crossbar. Knocked -
out triangular piece of weld and plate. ‘eld -
cracked. 'y
2 179¢ f/s Hit left leg about 6" belev crossbar. Entire o ®
left leg weld troke. (See Fizs. 1 and 2.
Plate in two pieces.
-3 i 1801 f/s Hit 1" left of left leg and 2" above crossbar.
Slight bulge on back. )
2 1800 f/s Fit right leg abcut 5" below crossbar. Com- - ® o .

plete renetration with crack in weld. (See
Figs. 3 and 4.)

HE5-1 1 1800 f/s Hit 1-1/2" left of left leg opposite crosui..r.
S1irht bulge. :
2 1795 f/s Hit rignt leg about L' below crossbar. Cox- o o
plete penetration with crack in weld.
3 1995 f/s Eit 2" left of leg weld about 3-1/2" below
crossbar. Slight dulee.
b 1992 f/s Hit right leg about 2" above crossbar. Knocked R
out triangular pilece of weld and plate. Weld .0 L
cracked. (See Firs. 5 and 6.)
185-2 ! 18C5 f/s it 2" left of left leg opmosite crosstar.
Slizht ulge.
2 1801 1/s A3t 2" left of right log about 7" below cress- e
tar. Sliecht dulge. .9 °
3 1798 £]s Hit on crossbar 2" left of right les. Con-
rlate nenetration. Swort cracks in weld and
nlate.
4 2000 ffe Hit edee of left lez adout 1-1/2" from edre of s é
rlate. Cracz i3 fusion zone of weld. (Sce - g
Pigs. 7 and 8.)
R3] 1 174 7/s Zit at Junction of croschar and left les,
S1i~t Tvire. Tew itransverse croacks in weld,
2 1321 7/s it 3" left of rirftt le; and 5% delow cress- ° °
tar. Sli:nt bulge. == .
3 18CC /s it en rickt le; atcut 1" adove crocstar.
Siist Yulce., Cract in weld and plate on tack.
- IS8 s 21t 1" risnt of left les and 5" telow croes- B
tar. Trancverse crac: it weld. {See Ti:s. 9 ° °
and 10.)

___________
........

........




WATERTCWN ARSENAL

FIGURS | — FRONT VIEwW OF 18 x 18 X
ELECTRODE ,AFTER BALLISTIC TESTING,

INCH M PLATE ARC WELDED wWilTw é

DECEMBER 4 1640

WIN,71C-1967
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VATERTOWN  ARSENAL 8

FIGURE 3 — FRONT vIEw OF 18 X 18 X 1 INCH M PLATE ARC WELDED WiTH Sutsteli
ELECTRODE ,STRESS RELIEVED AT 100C®F FOP 3 WOURS (AIR COOL; AFTER BaLLIS-

TiC TESTING, DECEMBIR 4 1040 WIN,710-1969
\
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5 WATERTOWN ARSENAL B

i FIGURE 4 -~ REAR VIEW OF 18 x 1€ X | INC H PLATE ARC wELDED wi e ASUUBw
ELECTHODE ,STRESS AELEIVED AT 10CCSF FOR 3 HOURS (A1R COCL) AFTER BALL -
1STIC TESTING, CECEMBER & 150 wiIN,710-16TD
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WATCRTOWN ARSENAL C

FICLRE S ~ FRONT VIEW OF 1€ X 18 X |
S Qubmatangt (LECTRODC,

INCH W PLATE ARC WELDED wiTH SORWORN
AFTER BALLISTIC TESTING, DCC 4 1642 wIN,TI0 ~4107)
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WATERTCWN ARSENAL

FICURE G — REAR VIEW OF 16 X 1E X | INCH ™ PLATE ARC WELDED wilh
SHMEREERTeDS

ELECTRCOL,AFTER BALLISTIC TESTING, DEC 4 '4a¢

L b
WIN.710-1072




REPRODUCED AT .GOVERNMENT EXPENSE

'
|
i

WATERTOUN ARSENAL c

FIGURE 7 = FRONT VIEW OF 16 X 18 X | INCH H PLATE ARC WELDED wjTH GESWNN
SoPTrouRaomt® ELECTRODE,STAESS RELEIVED AT 1COO®F FOR 3 HOURS (AIR COOL ;
AFTER BALLISTIC TESTINGC, OECEMBER 4 14470 win.710-197
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FIGURE 1C — REAR VIEW OF 1A X 156 X | INCH W PLATE ARC WELDED wiTH L 3 ! ’
MarGieldl) ELECTRODE,AFTER BALLISTIC TESTING, DEC 4 ta. WIN,710-1976
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APPENDIX A

WELDING DATA

Weld Laycer Electrode Dia. Amp. Volts Remarks

;
PLATE HF-1, Zlectrode F#1¥ex (Straight Polarity)

Legs 1st 5/32" 165 27 Single deposit
2nd 5/32 165 27 u i
: 7rd 3/16 230 26 A i
Lth 3/16 230 26 " "
5th 3/16 230 26 " "
Oth 3/16 23 2b " "
¥ 3/16 230 26 Two beads, side by side
Zth 3/16 230 26 1 " f [} 1t
gth 3/16 230 26 i " n " 1t
Crossbar 1st 5/32" 170 26 Single dnp051t
ond 5/32 170 26 "
3rd 216 £30 °7 J U
4th 2/ 06 230 2 " t
5th 3/1h 230 27 b i
bth 3/16 230 Al Two veads, side by s1de
Tth 3/10 230 27 " t ] "
gth 3/16 230 27 " n " non
9th ?/15 230 op I " " toon

Back strip (Figure 3) chivped off and ligh: =it telken out of root to
sound metal. Two teads deposited with 3/16" Fr&tex at 225 Amps. 26 Volts
to form the Seal Eead.

PIATE HF-2, Flectrode Fdddex (Straight Polarity)

Legs 13t 5/32" 165 25 ulnﬁle deposi
2nd 5/32 165 25 t
3rd 3/16 220 28 " "
Gtn 3/16 220 28 " "
5th 3/16 22 28 J P
6th 3/16 220 28  Two teads, side by side
?th 3/16 DG og 1 n ] " n
gth 3/16 229 28 meen neemoon
9tk 3/1€ o200 o f 1 I n f
L
o Coessbar  1st 5/ 32" 160 25 Single deprsit
3 Cnd h{32 147 25 " "
=4 3rd 3/1o RAC 28 " .
Sth /1A e 28 ; "
“th /14 22C 28 u L
":‘th .:,/l:‘ o ‘17 f "
Ttk 10 2e5 i Two teads, side ty side
gth -\ /1 " 23 ;3 27 ft [ 1 1}
9th A1 224 al n l " " n

Back strip (Fisare Z) chipred ¢ff. Weld in crecstar found to te
crocred teo deep to rennir Yy seal Tead. Ylate luil acide.

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




Weld Layer Electrode Dia. Ammp. Volts Remarks

£
SLATE ¥2-1 Flsctrode Biddex (Straight Polarity)

Lexs 1st 1/8" 120 22 Single deposit

2nd 5/32 175 o4 f n

rd 2/16 230 27 g n

th 3/1€ 230 27 " i

5th 2/16 230 27 " v

6th 3/16 230 27 Two beads, side vy side

75h 3/16 230 27 n " non ]

gth 3/16 230 27 " n oon "

9th 3/16 230 27 ft L} non i}

Crossbar 1st 1/8" 130 1¢ Single deposit

2nd 5/32 170 29 " "

rd 3/16 220 29 ] "

tth 7/16 220 29 " "

5th 3/16 220 29 ] ]

bth 3/16 220 29  Twn Yeads, side by side

7th 3/16 220 29 (0] ft non "

gth 3/16 225 2¢ i} fl " ft "
¥ 9th 3/16 225 282 i} ] . n L}
g . .
{ Backing strip (Fizure B) chipped off aid lizat cut taken out of root to
1 sound metal. Two beads deposited with 3/16" Ped¥Yex at 225 Amps. 25 Volts to
. Jorm the Seal Bead.

PLATE #B5-1, Blectrode ShieYd=pwewis (Reversed Polarity)

Lezs 1st 5/32" 1k 26 Single deposit
2nd R/32 1ks 26 " "
2rd 5/32 1L5 26 Two beeds, side Ty side
&th ;/32 th D ] ] i [ 1
Sth 5[32 1h5 26 1 ft ft n ]
oth “/32 145 25  Three " weoono o
Tth r/3: 1L5 2F f" ft f n u
2th ;/3; 140 o7 ] ] ] " "
Crosshar 1st R/ 3oM 140 27 Single denosit
2nd 5/32 140 27 s 4
3rd 5/32 150 <7 " "
Ly 5130 1L5 26 Two teads, side by side
Bth 5/32 1145 Dr’; " n [} i 1
6th 5/32 1Ls 26 LB LR
7th A/32 140 27 Tiree " voroo
ath R/32 140 Fars " " noooa "

Backing strip (Fisvre 3) chipned off and 11t et taken out of root to
sound metal. Cne tend derosited with 7/30" Shield-are-+RS 150 Amms. € 7olts
to form the Seal 3ead.

®




Weld Lgyer Electrode Dia. _Amp. Volts Remarks

f

=
i

. PLATE HE5-2, Electrode Shtelmpwe-i@s (Reversed Polarity)

Legs 1st 5/32" RIS 26 Single deposit Py °
2nd 5/32 145 o6 " n g
rd 5/%2 15 26  Twe beads, side by side T
th 5/32 145 26 f n nooonooon :}Tsff}ﬂg{
5th 5/32 140 27 n f noonoon o e el
6th 5/32 140 27 Taree " L RN
Tth 5/32 140 27 n 1 " ] f ° ®
8th 5/%2 135 og ] ] noonon
Crossbar 1lst 5/321 150 ol Single deposit
2nd 5/32 150 22 " "
rd 5/32 1ks5 o5 ] 0 )
th 5/32 145 25 Two beads, side by side ® ®
Dbk 5/32 145 25 ] " A "
oth /22 145 25 " 0 oo
/th 5{32 135 27 Three " L
8th 5/32 135 27 " " T T
Backing strip (Fi wre I; chipped off and light cut tcken out of root to ; ® ®

sound metal. Cae beed depesited with 5/32" Skyekdmiwe=#65 150 Amps. 26 Volts
to form the Seal Fead. .

+ { =
PLATE Ei-1, Electrods Hanpanemd-PME (Revcrsed Folarity) } A
e °
Lecs Iet Rfzan 150 22 Sirzle deposit
ond 5/32 190 22 " "
3rd 3/16 2ls P2 I i
4th 3/16 2ls 22 Two beads, side by side
Hth 3/10 230 22 Three " b T i e -y B
‘ oth 3/16 230 22 oo B oo ° [ )
Tth 3/16 230 Joe) f " " ] "
f+h E/;Q 190 21 Four " " ] 1
Crosstar 1st R/3" 160 ) Sincle devosit
end K32 152 ) " "
rd s/32 160 22 " i ® °
th 3/1¢€ 240 22 Two tecds, side Y- side
:‘\ gth 3/16 2‘4{: 29 n " ] n "
:. Sth 3/16 214(, 0o ] L} ] [} ]
Yth ;%/-; 1(30 21 ?C‘J.r " " f n
gth 3 323 150 #1 n " " " n
' ° °
Backing strip (Fi;ure 3) chived off and 1imh% cut ‘aken cut of root te
sound metal. Cie Dead deccsited with #/30" Manzanend 185 Amps. 22 Volts to o
Ternm the Seal Zead. K
® ]
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