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Allen of Material and Object  91._Inulluell2n: 

On July 5th, 1944 e .  a section of a stainless steel 

exhaust stub was submitted by A/C A. L. Johnson, for ahlef 

of Air Staff, Department of National Defence for Air,  Ottawa, 

Ontario. 

The covering letter, dated July 4th, 1944, File 

No. 93613Y-2-5(AMAE DAI), stated that this exhaust atub had 

been taken from a Canadian-built Mosquito aircraft after 

arrival in England, The material was said to be stamped 

"DTD  171", which identified it as 12% crA% 	stainless 

steel not stabilized  with  columbium or other addition 0  

This  letter also pointed out that these parte 

were originally made of Inconel. In11c 1  was complotely 

eatisfactory. 

It was requebted thr4t a metallurgical examination 

be  made  to determine the nature of the failure of the stain- 

less steel exhaust stub and that, if possible, a more suitable 

metal be recommended for this application. 
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Chemical 119ÉLLBAL: 

Tho results of the chemical analysis  are as 

follows: 
Per Cent 

Carbon 	 0 008 
Silicon 	 0.67 
Sulphur 	 0.003 
Phosphorus  - 	0.017 
Manganese - 	0.68 
Nickel 	 9.49 
Chromium 	- 	16.57 
Molybdenum - 	0,08 
Titanium 	- 	Trace. 
Aluminium - 
Columbium  - None detected. 

.11MON.M1011.1.10•••••■••,r11111•■ 

Hardness Test: 

The  hardness readings obtained on  the Vickers 

hardness  tester,  using the 20-kg. load, varied from 143  to 

166. 

M1.9£212.9.2212-MllenUl2n: 

Microscopic examinations were made on sections  cut 

from unwelded (see Figures 1,  2 and 3) and welded portions 

(see Figure 4) of the exhaust stub. All sections were etched 

in a solution of  hydrochlorie acid, nitric acid, and glycerine. 

Figure  1 shows typical  transcrystalline cracks 

running parallel to the failure. 

Figure  2  shows the microstructure at the failure. 

Note complete lack of evidence of "burning"  or corrosion. 

Figure 3 is  a photomicrograph, taken at a magni-

fication of 50  diameters, 'showing the structure of  the  cross 

section of the  stainless steel sheet used to make the  manifold. 

Note the coarse  grains at either  surface. These  large grains 

may be due to either of twc causes:  (1) decarburization 

incurred during the rolling operation, or  (2)  lower-temperature 

recrrstallization of the outer skin  because  of greater work-

hardening in  this  area durirg the  rolling  operation9 

Figure 4 shows  the  junction  of the weld and parent 
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' (Microscopic Examination s  .cont 9 d) - 

metal. Nnte the precipitation of carbides s  marked by dark 

etching areas. 
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SHOWING TRANSCRYSTALLINE 
CRACKS PARALLEL TO FAILURE. 
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Figure  3. 

CF. OSTRUCTURI::  AT  • 
FAILURE (AUSTEN11111` ) 
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CROSS-SECTION SHOWING 
LARGE GRAINS AT SURFACE. 
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e ts_h_142EFUajeM  Nitric acid s  10  (3C0 
Hydrochloric acid s  25 cc. 
Glycerine s  25 CC. 
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Discussion  of  ;tesults;  Conclusions:  

Tne chemical  a.nalysis indicates that the  Liteel. 

a  standard  18-6 variety, and not the 12 Gr ./6  Ni  1nd1cated  in 

the  coverinp, letter,. 

The hardness tests and the micro...examination  3.110", 

that the steel  is austenitic  throwhout and is typical of 

hot-rolled 18-8, stainless, 

Visual and microscopic examias.tions of the  exhau,.;t 

stub at the point of failure: (lid not reveal cny  , .vidence 

u hurninun , Microscopic examination also failed to show  91.7., 

 .1. .ter.ç:renular corrosion:, 

r 	a tI Mi .:pf the 	shows  the  pre 

procipitlited  carbides;  1.;i:i -ch ria7 ,  :)a considered normal  for  

s  teol 	has tu..4 been stF.1.1.1.1zi ed with columbium, 

ti tanium, or other stabi1lzin3 ie crLt  .-.  3ince  the failuce 

occurred at ri•t  iin1es to thi, welds ., it 1.s  reasonable to 

as.-lurric that the  ;ielclln; wa s  t.  Ot rzjoziL 	for the failure,. 

transcr:stalline 	 dettnitei;  Indicates 

th  t  the failure was due tu either  of t  wo cause 3  (  1  )  S ■:; • 

ccrrosion cracking, or (2) simple fatl, The fact  thit  he 

steel  failecl L. very short time after beinE .  I netalleê wou:L!.1 

lend sup port to the claim that failure ;lac' (..currer.? 

due  to ftiuo  or tress-corrosion, rathe - ' tlan 

-Às tbe failure can occur 1.n faticue or str ,, c; 	rc..sion afte:: 

oniy n ver7 few cycles, provided the stres 	 er,(P47,1. 1.. 

(1)  Stress-CoProsion  Crackimp;  - 

This type. or failure is commil cicountere ,-. 

the  austenitic nickel-chrome steels, and is -  caused by the 

action of  u cormosIvo 7-.cdiurn on Fi 	i`-r:::s3ed 

This stressed condition i.s ;:roeuec..1 by  rapid guenchinc, and 

also by  weldln i:. „ 	corrosive  meaium in ttis case wou.;.d  ho  
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(Discussion of Results; Conclusions, cont 9 d) 

provided by the tetraethyl-lead fumes. However, for this 

type of corrosion, highly corrosive atmospheres are not 

necessary to produce cracking, 

The tendency for . -stress-corrosion cracking in thie 

part may be overcome by the following stress-relieving anneal 

after welding: Heat for 1 hour at 1350 °  Fo and furnace cool. 

In order to prevent the precipitation of carbides, which might 

result in intergranular corrosion, the steel should contain 

stabalizing elements, suoh as columbium or titanium. 

(a) D.112.11 12111£M2 - 

This implies failure due to the inferior mechanical 

properties of 16-8 stainless at elevated temperatures° Since 

failure was not encountered when Inconel  was  used, it is 

possible that the absence of failure in that material can be 

attributed to its better mechanical properties at elevated 

temperatures. 

Table I,  taken from the A.S.. Handbook (1939 ), 

shows the mechanical properties of 16-8 stainless at e1evate(7. 

temperatures, These may be compared with the mechanical 

properties of Inconel at similar temperatures, as shown in  . 

Table II,  Which was derived from "Nickel and Nickel Allma n , 

published by the International Nickel Company. 

TABLE  I. - Short-Time Tensile  Tests on Wrolle 
L1.22102e 	eFi7i7-375-477--  

Temperature, 	Ultimate 	Elongation 	Reduction 
degrees 	strength, 	in 2 inches e 	of areu e  

Fahrenheit 	si_ _per cent 	_22r _lent 

	

Roi 	91,500 	68.0 	 75.5 

	

200 	 78,600 	59,0 	 79.5 

	

400 	 70,250 	 47.0 	 73.1 

	

600 	 71,430 	 46,5 	 70,6 

	

800 	 67,025 	 45.2 	 68,8 

	

1000 	 61,625 	 44.5 	 69,0 

	

1200 	 44,375 	 46.7 	 64.1 

	

1400 	 23,650 	 53.2 	 51.0 

	

1600 	 14 9 500 	 50.0 	 45 0 0 
......101■••■•■■••• 

From A0S.10 Handbook, 1939. 

(Continued on next page) 



(Discussion of Results; Conclusions, eont , d) 

TABLE II.. - Short-Ti-le High-Temperature Tensile  
Properties of Hot-9olled  Inconel,  

	

Temperature, 	Ultimate 	Yield 	21ongation 
degrees 	strength, 	strength, 	in 2  inches, 

Fahrenheit 	p.s.i. 	_p.91-. 	or cent 

	

:U)om 	 05,000 	 36,000  

	

200 	 81,000 	 32,000 	 Y18 0 5 

	

400 	 78,000 	 28,000 	 47,5 

	

600 	 79,000 	 27,000 	 51,0 

	

COO 	 83,000 	 28,000 	 50.0 

	

1000 	 79,000 	 22,000 	 21,0 

	

1200 	. 	71,000 	 22,000 	 5.5 

	

1400 	 47,000 	 19,000 	 12,0 

	

1600 	 23,000 	 - 	 32,0 

• 
From "Nickel and Nickel Alloys" International  Nickel 0o,) 

A  study of the  tables clearly shows the greater 

strength of the Inconel  cver . the  188 stainless, at elevated 

temperatures. As an estimate,  the fatigue  strength  cari  be 

taken as  approximately  hall of the ultimate ..  

A  variety of stainless steel Which is commony 

used in place of the standard  18-8,  because  of its increased 

resistance to corrosion  and euperior  strength at elevated 

temperatures, is given Ln Table III. This is the 25-20  (Type 

310). 

TABLE 	 Shcrt-Time Tensile Tests an  71rought 
ammamiramiums 25-20 (Type  310Y, 

(C,  0.07%;  Cr,  25%;  NI, 20%), 

Temperature, 	Ultimate 	Elongation, 	ileduction 
decrees 	strength, 	in 2 inches s 	of area, 

Fahrenheit 	Pos,i0 	per cent 	per cent  

	

;ioom 	 82 9 380 	 55.0 	 79,0 

	

300 	 73,350 	 • 	51,5 	 78,0 

	

500 	 CG,870 	 45,0 	 75,0 

	

700 	 70,620 	 48.0 	 73,0 

	

900 	 69,120 	 50,5 	 71,0 

	

1000 	 66,760 	 50,0 	 67.0 

	

1200 	 47,500 	 24,0 	 29.0 

	

1400 	 31,950 	 26.5 	 27,0 

	

1600 	 _  17 J 900 	 33.0    46.5 

etb From A.S.g. flandbook, 1939. 

f 

A comparison of Tables I, 11 and 111 indicates that 
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(Discussion of Results; Conclusions, conttd) - 

the 25-20 variety of stainlees  steel  has superior mechanical 

properties at elevated temperatures to  the 18-8, but  inferior 

to Inconel, 

Recommendations; 

1. It Is suggested that 18-8 stainless steel, 

preferably stabilized with columbium or titanium, be tried. 

After welding,  the manifold should be given  a  stress-relieving 

anneal of 1350° F. for 1 hour e  followed by a furnace cool. 

2. If the above be unsatisfactory, the  stainless 

18-8 should be replaced by Inca/101 0  

3. ether stainless steels, such  as  the 25 Cr120 Ni 

(Type  310), which has superior mechanical properties at 

elevated temperatures to the 18-8 but is inferior to Inconel, 

might be  tried where the latter is not available. 
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