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:faaminationof Three W.Ilded ArmQur Plate SectinA 
(Sponson 21E],te  to Side )?lete), 

Oriin of Material zuld Oblpot of Investigaion 

On  August 23rd, 294Zi o  three sections 	weldec. 

sporton plate to side plate  ire  submitted to thee Labcza-

tortes for examinatioa„  The  x.:co:many:tug Requinition NO,  4970 . 

 A0E0 D 0 3 0  Lot No, 656 0  Report  No, 13 ;  from Dr °  Cr W, Drury 9 

 Director of Iqe.talli.lrgy ;  Amy Engineering Design Brenct ; 	- 

'Department of Muaitions and Supply ;  Toronte 0  On.Lerio 0  gav• 

following inforratior: 

Three spectmene vere welded and prepted by  a repre-
sertativo of tLe InspzIction  Board of Unitt ,c Yingdon  and 
Canada  and  forvarded to Chief0  Ore Dressin and Wetal-
lurgical Laboratories 4  5L52 Booth Streot ; 	b7  tre 
InspectIon  Board of United Kingdom and Cant.d&  as  pfir 
arrangmrt invd3 wC.tlt Division of Metalli:Psy, ArnL7J 
. 11cineering Dei;p  Branch °  The three welf.cd.  2pacimena 
are descr2.bad as fellows: 

1 ,.  Cut soec.imen from a  damaged part  of  1.11;.:1  No, 62 
eeh  failed in the blistic test °  This- speolmel, 
may b(.5 tr  •143/o pnrts, 

2, Cut 2pec-imen  from a 3ub.assemb1y WhICL 
successfully Ulf banistic attac-k. I 
may  be in t;wo perts, 

the 

wittetocd 
Yis  specimen 

3 0  Portion  (intact)  ‘f  a  sub-assembly  whic 
sucçessfulny  the  ballistic attack, 

b  in-Ulstood 

(Continued  on next page) 
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(Origin  of Material and Object of Investigatien,  coatd) 

In Requieition No. 49e, r!quest was made  .for the 

• 1. Examination  of weld, depth and extent e 
penetration,  hardnees and extent  of hardened  zole,  plate 

adjacent to hardened zone,  and also body of  ple:,e3 

2, Examination of welded portion of plate for 

inclueions and rolling defcts, 

3, Physical teste, 

4 0  Microscopic examination for  constituai, 

expetially ferrite. 

5.  Chemical analysis  of  portion of weld motel 

and  plate. 

The object of the investigation  is to udvience an 

explanation of the cauee  of fed -lure in  weld, FAjaceue  zone 

or plate. 

Maere-Exerdnation: 

Figure  1 is a photograph of  the three spec:tmene as 

reeeived,  The  two first speciments were each  in twe  piecee 

ane  :1Doc1men No. 5 was in one pece.  This :photograph elecwe„ 

aleo, where the oections for ex9minat1on  were cut. 

The Unionmelt weld of Specimen No. I showed 

prenounced  wavint;.  Two  types of fracture were dietingelehed, 

Fieure 2  shows a section where '.;:allure occurred in  the han 

weld.  The  penetraLion of  weld  metel  und extent  ef  the beat-

affeeted zones  are  also represented, by means of  macro-

etohing  in a  solution of :CD per cant ammonium poreu7.p1ate 0 

 (T17, eee conditions arc  shewn  in Pigures  2 to 5 inclusve), 

The  section shown in Figure 2 was taken from loeation D en 

• Yifeare 1. 

Figure 3 shows another type  of fracture (otserved. 

• 

• 

• 

• 



(Mac.rom:^xamirAationg cont,c? )

at C in Figure 1) in Specimen Yo,, 1, This one occurred in

the transition zone from the heat-affected to the normal

plate metal, in tao sponson ple.teo There was no i.rdication

of bullet proofing in this :,pecim:3n, sa that no cor.ci.,,ision

could be drawn as to whsr^:. the fracture oriClinalk;ed,

The Unio-rvr.elt weld of Specimen :3oa 2was much

srnoothe-,, externally than ;3pecimen 2^c, 1, Two types of

fracturo were observed ;.^cre alsot, in the vertical section

2tx°uck by the àuilet,p fracture occurred en;,ireïy in the welid

rr.e tal itself, This position is r=:^.r83eZ2tad a tL, ir.^ ^--Lgure 1,

The other fracture r an pract:lctJ:.l7 through t; e we'Ld xas s.,4 and

the spozison plat3n This section 'kr epresen^c^ad at B in Figure 1).,

and the section contai.ning the fi^_st 1°.1_a cf:,.»es, are shoYrn In

F'i ;urea both be?nf; riacro-e;,cred in. 10 per cant ari:noulum

per sulr.:ha-ce,

In Specimen No 0 3;, theUnïon.,-^el t wei.d also had a

smooth oxter. ior appearazzce, n secti ons taken at A in Figure 1,,

is shown in Figure 5. The s.brzcrmal extent of the waidt:b of the

upper part of the weld rnetai, end its small depth, together

with a stringer cf' unz u.aed parent metal in the sponsor ► plate,,

are the most sirikirL; ',^al.:.zros of this section;

Cneni.cal Lnal.ysi : :

A chemical anal^si.s of each plate, as well as of the

IIn,ior.amelt weld met,-,j_ ar-(I the rianual urFl.d meta?., was made for

each speci.men,,

The results are f:abu7.ated as foX? ows.

(C:)l-itirzued on ne:.rt page)
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4  - 
(Chemical  Analysis 0  conttd. 

The  Two  Plates,  • 
•me.• 	  

. . 	 npons3E-nates  	. . 	elde P-iiiTeî 

	

••••••••■■•■•■••••••■•••.. ..••••■*•• 	 _ 

element 	: No, 1  :  Mo. 2 • Na  3  • No, 1 . No, 2 : No, 3 	« ,,,_.  _____ _ 
. 	

- 	4:1232.-.13:612GMlicifial liERIVZIPIUr" IMAZJIZZWZMIlit 	 . 

Carbon 	:  0,30  :  0,27 :  0,27 	: 0,26 : 0,28  :  0,30 
Man$3anese 	:  9.76  : 0,63 :  3,62 	:  0,43  :  0.65  : 0,60 
Silicon 	:  C.44 : 0,50  :  0 0 52 	0,24 : 0,31 : 0,31 
SLiphur 	:  0,022  :  0 0 016  :  0,014  :  0,022  :  0,012 	0,022 
Phosphorut 	: 0.017  : 0,013 : 0,013 :  0 ) 020  :  0,027  : 0,024 
Ohromlun 	: 1,29  :  OJJO : 0,90 	:  2,02  :  2,04  :  1,93 
Nickel 	:  0,82  : 0.82 :  0,80 	: 0,71 :  0,65  : 0,P7 
Molybdenum 	:  0 0 18  : 0,16 :  0.15 	: 0,23 ;  0,20  :  0,32 

The  Two Weld Metee, 

--- 	 - 
:  Unionmelt  Weld 	: -----girritirWeler  	 

Liement 	•  No- 1 •  No, 2 - No, 3 :  No ,1 •  No7-i-7-- Nd, -S---  
sconsicarearmummzemeesier-asmirsamou+semorox. wese.....i•Mitatali0111111MIZIO Webrag/21~/I+Me 

 : 	

., ife/MIMIRM191'  efilIMOI W,4,4 

 * 	. 
Carbon 	: 0,23  : 0 0 23  : 9„23 	:  0,13  :  0,11  :  0,11 
Silicon 	:  0 ,64 :  C.65  :  0,69 	_ . 	• • - 
Manganese 	:  4,40  :  4,25 :  4,22 	: 3,90  :  1,70  :  1, 71 
Su2phur 	:  0,020  :  0,012  :  0,019  :  - 	: - 	• 	- 
Phesphorus 	: 0,023  :  0,04  :  0,014 :  - 	"•  - 	. 	_ • 
Chromiam 	:  8,25  :  7 0 56  :  7,64 	:15,22 :14,39  : 14,88 
Mickel 	:  9,24  : 6.03 : 7,96 	:  8,07  :  6,43  
Molybdenum 	:  0 0 10  :  0 0 12  :  0,14 	:  . 	 - 

Hardness Measurements: 

On each  sponson plete  and  eide  plate, a hardness 

survsy was run from the fusion line perpendicularlj to the 

tangent of the  heat-affected zone, 

The cUrves  :rowing the variations of  the  Vickers 

haldness number (ordinates) witn  the  distInce from the fu8l.o1 

line iabscsFee)  are given in  iT:harts Nos,  1,  2  und 3 (sec :'Iv

4a, 4b 0  and  40), 

In the weld metal Iteelf 0  hardnesn meueurements 

were made  on  the  Unionmelt bead as. well es on each of the 

different  beade of the•hand weld, These latter beads  are 

referred to al Nos, i s  2 and 3 0  according to the  order  o:1 

deposition, 

In  3pecimen  No, 1 0  the  hardness in the Unionmelt 

(Charts  Nos, 1 0  2  al713-3  follows ) 
( 	on Pagoe 4a s  4b, and 4e,  
(__Text continues . on  Plao_5, 	) 
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(Hardness Measurements, contod) - 

bead near fracture was 301 V,H,N, However,  the  average 

hardness in this bead was 260 V,H.N. The manual weld bcads 

were uniform Ln hardness,ead measurements gave a result  of 

196 V.H,N.  on the average, 

In  Specimen No, 2 D  a  hardness of 358 • as recorded near 

t à a fracture  in the Unionmelt  bead, The  average  hardnass 

of the bead was 260 V,H,N, In this case, the hand beads were 

212 V,H.N, on  the average, 

In  SpeciMen No, 5, the Unionmelt bead WU3 260  V,H,N. 

in hardness, while Nos,  2 and 3 hand beads were 197 V,H,14 

However, in the No. 1 hand bead the hardness was  464  V,H,N, 

Magnetic Measurements: 

Small cylindrical bars (1 inch high  aad  i inch in 

diameter) were 'machined from the  Unionmelt  bead and  the  manual 

bead in each of the speoimens,  Magnetic measurements were 

made on these bars on  a  deflectometer, This apparatus does 

not give measurements in standard  units  and is merely 

comparative. 

The deflections observed were as follows; 

Unionmelt Bead Manual Bead 

	

Specimen No, 1 	= 	0 	 0 

	

No, 2 	= 	0,7 	 1,2 
No, 3 	- 	0,9 	 0,3 

Impact Measurements: 

Since  the chemical  analyses and  hardnassea  of the 

sponson plates  were different, impact  measurements were made 

to check on the relative toughnesses, Since  the  thicknass'cl' 

the plate is only 3/8 inch, the  bar for the Izod  impact 

could not be machinad  according to standard dimensions, 

Right-angle prisms with base dimensions of  3/8 inch and 7/1e 
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(Impact eeasurements, cont°1) 
• 

inch were machined e  the notch being made in the thicker 

section° The values obtained are not the actual impact 

strengths but are very close to the trie  figures. 

The results were as  follows: 

E221:222Ele 

No. 1  - 	11 
No °  2 	. 	45 	 • 

No, 3 	14 

The fractures of Specimens Nos. 1 and 3 ware fibrous, 

•hile the fracture of Spoci -olen. ;:io. 2 was uniformly fLne-cealned. 

Micro-Examination: 

Each section of the different specimens submitted 

was examined microsco,'Dically, 

In each case a photomicrograph was taken9 1.1 the 

sponson plate and in the  side  platepef each of the Illlowing 

zones:  

(1) In the heat-affected zone (close to fusion line), 
See fi c A,Z e  (Column I)0 

(2) In the  transitlon  zone  (from the heat-affected  zone 
to the normal structure) 0  See T e Z e  ('..lolumn II), 

(3) In the  normal  structure of the plate itsalf e  
See N e S e  (Column  III).  

The following table  sows  each figure number as 

referred to: 
R E-------  

Column No e 	 : ff---7771r177 
7Zones  

•—•••• •4"emajn
0
m"•3•2■11---  

Sponson Plate No,  1 	6 	: 	7 	; 	8 
Side 	rn No o  1 :  15 	: 	16 	: 	17 
Sponson 	H 	No e  2  : 	9 	: 	10 	: 	11 
Side 	" 	No e  2 	18 	: 	19 	: 	20 
Sponeon 	" 	No,  3 	12 	13 	1 	14 
Side 	" 	No °  3 e 21 	: 	22 	: 	23 

• • 
MMMeliffl»MalumIMMem=pemommer-7, 

For this  examination, the specimens were hAnd-polished 
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(Micro-Examination, conticq - 

and then etched in 4 per cant pleral. 

In the examination of the different beads of the 

weld metal itself, hand polishing was also adopted. The 

etching was done in a 5 per cant hydrochloric, 1 per cent 

picric alcoholic solution. 

A. Specimen No. 1  - 

Figure 24 shows a precipitation of carbides at the 

srain.boundaries of the austenite in the Unionvelt boa& 

This type of microstructure was observed near the fracture 

in Section No,  1-D (c.f. Figure 1) ,  

Figure 25 shows a precipitation  of  carbides on the 

slip planes of the austenite,  This  condition was present  in 

the  Unionmelt bead near the fusion line connecting with the 

aide  plate. 

Figures 269  27, and 28 all refer to a  Crack which 

was found to run all along the Unionmelt bead.  Figure 26 

Shows the  connection of this crack and  the first deposited 

hand bead. Figure 27 shows a typical Section cf  the crack 

where the shrinkage nature of the defect is evident. Figure 

28  shows how this crack ocnurs only in the Unionmelt bead, 

at  the surface formed by intersection of two sets of cleavage 

planes. 

Figure 29 was taken at the fusion line of the  weld 

metal, It  shows a typical example of martensite in  austenite. 

This condition was found in all the specimens at the  same 

location, in the automatic as well as in the hand welds, 

B. Specimen No,  2 - 

Figure 30 shows the austenite and  martensite  structure 

near fracture. Figure 31 shows a  typical example  of cored. 

austenite in the last deposited hand bead. This structure  was 
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(Micro-Examinatien, cont 9 d) 

obaarved to have very close analogy with Nos. 1, 2 aid 5 

hand  beads in Speclmen No. 3. 

G. Specimen No.  3 - — 

Figure 3j shows a typical example of austenite and 

martensite in the Mo. 1. nand bead. In the automatic bead  few 

pltches of mertensits  in  austenite were  found. This condition 

was shown in FicureeWq. A comment can be made  at  thia point, 

naeely, the quantity •of martenelte was  found to chece  very 

clesely  with the magnetic •easurements. 

DIeCUSSION OF  RESULTS: 

Specimens es Received z  and Macro Sections  - 

Failure in Specimen No. 1, at  first sisht, can be 

attributed to defecte in the weld metal or in  the spenseïe 

plate itself.  • 

Fracture in Specimen No. 2 originated  in ta9 weld  

metal, as shown in 21gure 4 (Specimen No. 2-E). 

The  external appearance of the Unionmeit field, as 

weil as  of  the sectiens shown. in Figures 2 to 5, has led to 

the following conclusions regarding the  welding technique used 

(these observations are not given as definite defects,  but to 

indicate  the trends in procedure): 

4ecimene U'ee. 1 and likely were preduced by (a)  high 

welding speed, arm (b) J.ow• energy  input per linear inch 

(as  shown by eepth of ripples and weld con'cour). 

3pecimon  lie. 3 was welCed with low welding epeed and 

high energy input per linear inch (as  shown by abnormul 

width of weld metal at the top and small  depth  of 

penetration. 

AS  tO  the leand beads, the penetration and  tbe dinp321tf_o-

of thû beads in  Specimen  No.  1  are very satisfactory. In 
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(Discussion of Results, eont , d) 

Specimens NO3. 	and 3 the  ftrst  bead shows excessive 

penetratioa, for  the  size of the bead, into the parent  metal 

(side plate). 2his condition has brought about excessive 

dilution which, in turn, has resulted In a martensitic 

condition  in th a eteel. This is confirmed by the  hardness 

and  magnetic response es well as the microscopic examination. 

Chemical Analysis - 

The chemical analyses of the side plates are normal 

and  no explanation aa to different behaviours can be found there. 

The compesitions of  the sponson plates Nos.  2  and  3 

are almost Identical  and are different from the No. 1  sponson 

plate only in the chromium  and  manganese contents. The higher 

chromium and man3anese  contents naturally increase  the harden-

ability  and lower the weldability, but no  very important differ-

ent behaviour can be expected since the differences  are small, 

The Unionmelt weld metal in.':epecimen No, 1 indicates 

lese dilution than in Specimens Nos. 2 and 3. The  critical 

dilution  value seems to have been exceeded in these two last 

specimens and this would explain the martensite  found  in them. 

The  hand weld metal shows the same characterietic. 

More alloy is present in Nos. 2 and 5. 

Magnetic Measurements - 

The first, comment applies to the method of sampling. 

In the present case, no attempt was  made  to  have a sample which 

would reveal all traces of martensite in the  whole section. 

»rillings taken alD over the section of the weld metal would 

apparently give more general results, but the conversion of 

4feiron  to ee-lron by excessive sold working would make this 

method of samplinè; quite faulty. 

The method used herein provides  a means of determining 
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(Ioeussion of Results, contld) 

only the marteneite which happens to be within the bar taken 

for e :ample.  However, the deflections are quite proportional 

to the amounts of martensite found in each case. 

Hardness  Survsys  - 

No special comments apply to the hardness surveyn 

made  on the plates. It 	quite evident that the hardness 

increase is more proncunced in the side plate than in the 

sponson plate, btt this is normal since the hardenability  of 

the latter is greater and the mass effect greater.  At the same 

time, it will be noticed that Sponson Plate No, 1 has  a greater 

jump in hardnese ttan Plates Nos. 2 and 3, and the same 

explanation covers this phenomenon. 

It will be aleo observed that these hardness curves 

do not indicate any tendency to develop those root or toe 

cracks well known to  th  a welding engineers. In fact,  no 

defects of this type weee found In the specimens submitted. 

Zrlettot Tests - 

The impact reeults 3iven here are quite significant, 

although the values are not real impact strength and represent 

only  about 65 per cent of the true value. 

However, it le remarked that these values are 

definitely too low In the case of Sponson Plates Nos.  1 and 3 . 

Reference to Figures  7,  10 and 13 wil/ bring out the 

correlation between banded  structures and low impact value. 

This argument, moreover, is Well supported by the  three  types 

of fracture. The  fibrous fracturas of Specimens Nos.  1  and  .3 

are well in accordance aith the banding effect observed. 

(Continued on next page) 
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(Discussion of Reeulte„ coeet , d) 

Microecozic Exaee'n:ktion 

The Sronson Plete. 

The Jeicroscopic •xamlnetion of the sponso-a plate /U:13 

shown that the exeeesive boating has produced e lare gealn 

growth in the heat-affectef,. zone. The  etractweee  shown fJ-1 

FiGures 6,  90  and i2 of  tie coweee Widmanstatten type  are 

obtained  by cooling at intermediate  rates froel eih  temperatures, 

Of eeurse,  theee structures are Cefin5_ta1y britt.le. The width 

of '-bc hent-afecGed  zone coneairing thisstructara can be  reduced 

by proper control of the treertey  input  per  11nea  tnch of  weld. 

The transition  zene  shows a  maeked  peecipitat5on  of 

ferrite, In Speemens  No 	1 and 3 (Fisures  7  Aled 13 

banding effect  due to lack of  h.omezeneity Is  well  brought aut. 

The detrimental effects on  the  toug1roes5  of the plate tease 

already  been noted. Thia 5.every  precipitation te  this  zone ie 

one  of the mout important 2actore of the present  problem. 

While it is accepted that ferrite  must precipitete between tae 

two  criticals, the problen arises of  whether  it is possible to 

minimize the ferrite  growt'a by shortening the time during wleich 

the steel  is oet -eeen the  two oriticels. Tais p .coblem haa not 

Jet  been  eolved  end a study-  will be undertaken fun  theaa Labc -ea-

tories  of the  influence, upon ferrite growth, of the  tieee 

interval  beeween  the  two eiticals. As a matter:.  of fact,  highe- . 

alloy  would appear te be less  eubject  to  the  effect  of  ferrite 

growth  but,  on tho  other  hand, one  must alNaye  ',seep  in edied  the  

fact that ielcreasing  the eeloy content would maen  a hier'  

harc:enability  and  lower Pieldability. 

The normal str'ec:ures of  tbs sponson  elates are 

sorbitic and  they do not show arly  mared  differences, 

Sice Plates. 

With reard to  the  side  platee,  the eructure2  ie :ho 

heat-affected  zones  ire  quite similar,  30  far  e.e  the  areae -ee- 



- Page 12  - 

(Discussion of Resulta„ contid) 

Microsp.lpic Examination_conted  - 

the fusion lines arc concerned, to those of the sponton plate . 

 However, they differ from the reion of the transition zone. 

Higher hardness levels in heat-affected zones outside of the 

fusion zones correspond to etructures ranging from martensite 

to bainite, No attempt was mede to definitely identify 

different structures present. (An easier-  means of determining 

the  danzer  of brittlenese develeped in welding is the hardness 

survey in  the heat-affected sone 0 ) 

In the transition zone  the  ferrite precipitation is 

still characteristic; however, It is less dangerous than in 

the sponsen plate, the zone beii-Jg thinner and the sectfor_ 

stressed during the ballistic test being of larger area, 

The normal structures of the  plates Which show tempered 

martensito are satisfactory and are similar, 

Unionnelt Weld 

The Unionmelt  bead in Specimen No.  1  was fcund to 

have two major defects, First, a  crack was  tourd  to  rua all 

along the weld as  received, This  crack (Figure 28) existed 

prior to the laying down  of the first hand bead (see Figure 26), 

The crack is of the common shrinkngs  type,.ea le well shown in 

Figure 27, 

The other defect is the  existence of carbides  ai;  the 

grain boundaries of the austenite (see  Figure 24), This  

condition is known to  have a  detrimental effect on th  a streng'Sh 

and toughness of the material, The occurrence of careidee at 

the  grain boundaries is due  either to slow cooling or  to the 

annealing effect given during the subsequent hand.  welding, 

In any case,  it is proportional to the dilution resulting in 

increased precipitation of  carbides. 

No martensite was found in  the weld except at the 

fusion line,  Hers,  from  a  geometrical standpoint, the advantage 

of  a  V-sheped  ending of section  (as  in  Figure 5)  over a straight 
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(Discussion of  Results ;  conta) 

k1crosco2ic Examinatj.one.=Itd  - 

ending (as in Fleure 4) should be nctud, Where  a hard zone 

runs perpendicular to  the sponson surface any impact will 

readily  cause a failure through this zone, In the case of t 

hard zone folloeing a V shapee  failure on !,:mpact is much less 

probable, The carbide precipitation in the slip planes (see 

Figure 2b)  may be duo tc  a  drastic cooling caueod by the 

chilling effect of t;le zide plate, 

In Specimen No, 2, martensite was fowld  in the 

•  Unicnnelt  bead and near tho fracture (see ..Plgure 30% it is 

well known that ttin condition 'nas un eMbrittling  effect on 

the steel,  and fracture might very well be attributed to this 

defeo, 

Martensfte found in i;his type of welding is caused 

 by dilution, which decreases tim alloy content, Only a proper 

control of this dilution can make the steel  retain its  austen-

itic condition, 

In Specimen No, 3 e  icclated patcàes of  martensite 

were found in this bead (soc Figure 32), 

Manual Beaà„ 

In Specimen Nc, I no defects were found in the  manual 

beads, 

In Specimen No, 2, patches of martensf2t°  due  to 

excessive dilution were found to ta zaused by excessive pene-

tration,  In such cases, when the  bead is very small,  penstrA-

tion  should be kept to  a  rninimum„  7owever, good penetration 

Into the Unionmeit bead Is not objoctionble, 

In )peciren No, 3 0  only one bead was found which was 

marten:31U°.  This bead was the firEt hand  had  deposited  and 

had eonetrated too much into  the  31de  plate meta7,  1n relati.cn 

to its size, 

The last hand bead  depositsd showed core austenite 

(sec Fi.u.re 31), 
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CONGLU3IvI1S;

1o No tendency t,o' develop root cracks or to®

cracks was found in the specimens submitted,

2, Sponson Plates 1Voso 1 and 3 definitely were

low in impact stren;th. There are indications that this is

due to tha lack of homogeneity,

3. Ferrite precipitation in the transition zone

of the spanson plate was excessive in width and appreciably

less in the side plateo

4,, The Unionmelt bead of Specimen No,, 1(.from

Hull 62) contained a serious shrinkage crack,

5, The Unionmelt bead of Specimen No, 1(f^om

Hull 62) shows a carbide precipitation at the grain boundaries

This may be a contr:ibU tins; cauze of failure, In this weld,

martensite was found only at the fusion lineo

6, In Sp3cimen No,, 29 martensite was found in the

Unionmelt and manual beadso The cracks found apparen-;ly

orioinateâ at these brittle mar-tans :tic areas,

7o In Speciman No. 3, isolated patches of martensite

were found in the Unionmelt bead„ ^n one particular :nand bead,

the structure was m.c3rtensitic,, This bead had penetra',ed too

deeply into the aide plate nietal.,
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FeilnIrc 1 

SMOWING THE iiEJLL rE1. -:.)ED SPECIMENS "AS RECEIVED" 
AND THE LOCATIO OF SEIVTIONS TAFEN FOR EXIWIN4TION, 

ri =u re 
- 

Etched in 10 per  eont  ammonium 
porulphate solution. 

PHOTOGRAPH OF STEinMEY WO, 1 9  SHOWING A 
FRACTURE IN THE WELL METAL. THE DEPTH 

PENETRATION 9  Al4D  EXMN-T  OF H'EAT—AFFECTED ZONE, 

1:his is stion .01nrkf)d "D" .on  Fieure  1Q 

(Notez  7.il.gurell  2  to  5  incluEive  are 
approxin, atel7 4/5 actual size), 



o  

Etched. in 10 par cent ammonium 
persalphate solution. 

;..FECIMEN NO,, 1. 

Showing a fracture in the  transition zone  in 
spcneon plate the depth  of penetration, 
and e ..xtent cf heat-affected zope (Thie  iø 

 section marked h e" In  Figure 1) 0  

OM. 

Ff,,e.re 

Etched in 10 per cent ammonium 
. ersulijilate  solution, 

SPECIMEN NO. 2, 

ShowInG  two fratures (1 ) !,.11  the weld metal 
(Section 2-3) (2) partly In the weld and 
in the sponson plate (Section 

Shown also are depth -  of penetration  and 
extent of heat-affac;:ed  2ione0 



F;mre 
.gentIVC 

(P_17) 
W Ie lira fi ° 

Etched in 10 per cant ammonium 
persulphate solution. 

SPECIMEN No, 3. 

Showing depth of penetration and extent of' 
heat-affected zone, 

X500 e  plcrel etch, 
HEAT-AFFECTED ZONE  IN 
SPONSON  .PLATE n o  1„ 

X500 0  picral etch, 
TRANSITION ZONE 7,1■1 
SPONSON PLAT NO, 1, 

eMià.  

X500, picral  etch. 
NORMAL STRUCTURE  IN  SPONSON PLATE NO, o  



(.PaEe 18) 

X500 e  picral etch„ 

REAT-AFPECTED ZONE IN 
SPONSON PLATE NO, 2, 

«BO  

EI.S1122_11 

X50O t  picral et6h,. 

TRANSITION ZONE  IN 
SPONSON PLATE NO 0  2, 

eMal,  

F 1L2re 11, 

X500 9  picra1 etch, 

NORMAL STRUCTURE IN 
SPONSON PLATE NO 2, 

weC, 



Flelre 

X500, picral  etch. 

îleaF7.?  13, 

X500,  picral etch, 

rAice 
4% 

'reulkJ011... 
eee. 

. 	 • 

• 	 , 	 , 

UPa7-3 

HEAT-AFFECTED  ZONE IN 
SPONSON PLATE NO, 3, 

MIMS.  

TRANSITION  ZONE  IN 
SPONSON  PLATE NO,  ;5, 

Elem 14,› 

X500 picral etch. 

NORMAL STRUCTURE  IN 
SPONSON  PLATE NO, 3. 



15 - 

X500, picral 

HEAT-AFFECTED ZONE IN 
SIDE PLATE NO. 1. 

V/11/1  

', Etc 22) 

'11,13.:q1.9  16 0 

X500 9  pical tch. 

TRANSITION ZONE IN 
SIDE  PLATE NO. 1 0  

IOW Alb 

17 0 

X500 9  plcral  etch, 

NORMAL STRUCTURE IN 
'SIDE !?LiATE  NO. 1. 



Elzuut_L.. 

(eUe  21';  

Figur  19, 

X500, picra1 tch, 

HEAT-AFFECTED ZONE IN 
SIDE PLATE NO 2 0  

TRANSITION ZONE lb 
SID2, P.L2E  NO  2, 

«IMO 111•01, 

X500, picral etch, 

X500„ plcral etch, 

NORMAL STRUCTURE IN 
SIDE PLATE NO °  2 0  
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0

Ej.MLr ^^22 ,,

X5Q08 picral etch,

HEATmAFFECTrD ZONE IN
SIDE PLATE NO,, 3,

Pip-ure23 ^

mpf-^fs

X50,0g picral etch,

NORMAL STRUCTURE IN
SIDE PI,LTE NO. 3,

X5009 picn;.l etch,

TRANSITION ZONE IN
SIDE PLAT^"- NO,, 3 ,



Fllure Figura  25. 

Figure  26.  
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X500 e  etch  in 5%  HCI, 
I%  picral solution, 

SHOWING CARBIDES  AT THU 
GRAIN BOUNDARIES  OF 

GRAIN  BOUNDARIES OF  THE 
AUSTENITE IN SPECIMEN 

NO,  1  (UNIONMELT). 
die 

X500,  etch 	5% 1101 0  
I% picral solution. 

SHOWING CARBIDE PRECIPITATION 
AT THE SLIP PUNES OF THE 

AUSTENITE  IN SPECIMEN 
NO. 1 ("W):ONUELT)" 

Min 

X250, etch in  5%  HCI, 
1%  picral solution, 

SHOWING THE  CONNECTION B2TWEEN 
THE CRACK  IN  UNIONMELT AND 

THE FIRST DEPOSITED  HAND  BEAD 
IN SPECIMEN NO. 1, 

X100,  unetched. 

SHOWING  TRE  SHRINKAGE 
NATURE OF THE CRACK 
IN SPECIMEN NO,  1 

(UNIONMELT). 



Pleura 28, FIEunte-22. 

r 
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X75,  etch  in  a saturated 
solution of forrichloriCe in 

hydrochloric acid, 

SHOWING THE GENERAL APPEARANCE 
OF THE CRACK  IN  
SPECIMEN NO. 1. 

•0011.  

X500, etch in  5% H01, 
1% picral solution. 

SHOWING THE  MARTENSITE 
IN THE AUSTENITIC MATRIX 
AT THE FUSION LINE IN 

SPECIMEN NO. 1. 

X250, etch in 5% HC1, 
1% plcral solution,' 

SHOWING THE MARTENSITIC 
AND AUSTeTITIC STRUCTURE AT 
FRACTURE IN SPECIMEN NC), 2 

(UNIONMELT). 
amege  

X500, etch  in 5% HC1 9  
1% picral  solution. 

SHOWING  THE  CORED 
AUSTENITE  IN  THE  LAST-

DEPOSITED  HAND  BEAD IN 
SPECIMEN NO, 20 

.1•111D 
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X1000, etch in 5% HCI, 
1% picral solution, 

SHOWING THE.MARTENSITE 
IN AUSTENITE IN THE FIRST 

HAND BEAD OF 
SPECIMEN NO, 3,  

X500„ etch in 5% Hel, 
1% picrul solution, 

SHOWING AV EXAMPLE OF 
A PATCH OF MARTENSITE 
IN AUSTEN:TE IN  SPECIMEN 
NO, 3 (UNIONMELT), 

AD:Glib °  


