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Examination of - Palled Mil; X4130 Aircraft Tubing„ 

Souroo of Materlia. and Oblect of Examiation 

On April 18t e  1945, Sqdr. Ldro Ao  J,.  Smithe 

behalf of Air, Commodore A o  L o  Johnson, for Cblof Of,A5,r 

Staff ?  Department of National Defence for Afir p  Ottawa e  

Ontarlà e  submitted for examination two samplam of  $eamlef. 

steel tubee o  It was stated that such tubes D  made from 

chromium-molybdenum steel of X4150 composition 9  bad bcen 

failing in f*ervice. 

Air Commodore Johnaonus regeob letter for thl3 

work (?,dated March Mat, Pile No e, 902 ,,36-1(AMAE DAI) maked 

for  t@tas noverIng pb.s .,51ical and chemd.cal propertieiL, 
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Chemical Analysis 

Sample drillings taken from the tiqû tubes  werg 

analysed, The folloeln results were obtatnedg 
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Carbon 
Manganese 
Silicon 
Phosphorus 
Sulphur 
Chroml:um 
Molybdenum 
Nickel 
Vanadium 
Copper 

0,25 
040 

0,04 
0,05 
0,80 
0,16 

- 0,35 
- 0,60 
- 
max„ 
eux, 

Cr  0,25 

el 
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0,28 
0„53 
0,24 
0„010 
0,053 
0,62 
0,20 
0,49 

Nonii* detected °  
0„07  

0,28 
0,59 
0,23 
0,009 
0,029 
0,82 
0,20 
0,27 
0,025 
0,08 
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Fhy9 ical Preportieot 

Ultimate straae e  p,s 0 1, 
Yield strass e  pl, 
Elongation g  per cent in 2 inches 
Size of tuboa g  in inches 

Heavy -Walled 
12msbinv-., 

A 

1150 50 
100,9 500 
24,0 

1,505'x 0,092 

Thin.Walled 
'')!ubinc 

97 0 Ç500 . 
90e 800 
20,0 

1„503 x 0,060 

Microscopic Examination 

Sections of the tubes were  mounted in bakelita g  gi'ven 

a motallographic polish e  and Ulm examined under the microscope 

In the unetched condition, Both s teels were found to be fairly 

clean, The steels were then etched in a solution of 2 per  cent 

nitric - acid in alcohol end re-axamlned, Vigures 1 and 2 axe  

photomicrographs g  at X100 magnification e  showing respectively 

the structure of the heavy,wall and tâln-wall tubing, Next to 

the bakelite (the dark•area at the top, of the picture i"zi Figure 

1) is a broad white  band of ferrite the iron constituent, It 

will be noted :, in Figure 2 0  that this band is lacking in the 

thin-walled tube, 

Figures 3 ardt ,  4 are Photomicrographs of the otexed 
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adjacont to the weld by approIdmately 10 per cent„ This e  
t • 

1 

(Microscopic Examination e  contid) 

stools at X1000 magnification, Figure 3 shows that the 

structure or tbo heavy-walled tubing consists of flne 

pearllte (the Iron-Iron car bide; de.rk etchine; ara) and 

forr1te (the whits etching iron conefltuent)„ Figure d 

shows 

 

th  o structure or t1I8 stool in the thIn.walled tua;Ing 

to consist of spheroidized carbides (the round globular 

constituent) and ferrite (the white material), 

Discussion of Results 

The eteel  In the two iXbes had the composïton of 

X4130 steel exoept for  th  a n1cke1 content, The hi,g112.1,al 

nickal most probably originated from the steel scrap  In  

making the eteal e  as none of the nickel 1$ lost In the melting 

operation, The presence of nickel la not considered 

injurious but It does confer greater hardonability und its 

presence might lead to cracing in welding. 

SAE X4130 steel tubes 5.n,  the  norriAlled condition 

should have the following minimum physical propertiesu 

Ultimate stress e  p„s„J., 
Yield stress e  poso. 
Elonution, pdr cont 

2 Inches  

95,000 
759«  000 

t 15 

When tbls steel is welded»  the haat of the welding 

operation will  rade the tensile properties in the zone 

howavor e  can often be corrected by normelizing wIth. a torch, 

The above ghysicals_however o  can ba greatly . 

 Improved by a quench.and-draw heat froatnent »  but the advan-

tages of this operation would »  of Course »  be  destroyed  In 

those areas which  are  subsequently welded,  The  physical 

properties  of the tubes ox9.mined appear to be satisfactory 
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. (Discussion of Results »  contd) 

for nonmalized SAE X4130 steel tubes. 

The ferrite at the outer surface of the heavy-

walled tubing indicates a bad state of decarburization 

The ratio of ferrite to pearlite and the finely lamellar 

nature of the pearlita show that this tube had bean given 

a normalizing heat treatment »  i,a 0 , it was heated above the 

upper critical range  ad  cooled in at 	ao decarburtion 

was observed in the thin-walled tubing, The sphareldizd 

strueture .ihown In Figure q: Indicates that it was hold for 

a considerable timo at a tilipQrature slightly under the 

lower critical ranges. Steel la this condition  ha  s lower 

tensile properties than In the norLized condltion c, Thiu » 

 then»  explains the lower ultimate etreneth of this tee °  

The sicuface ocarburization 9bserved in Ule heavy-

walled tubing would not afect materially the static pro-

perties of the steel. "However»  it does affect the fatigue . 

strength »  which»  under conditions of alternating bending 

stress »  Is vory largoly dependent  on the strength oP the 

extreme Outer fibres In a decarburik;ed member this outer 

material ia weak  and  consequently ftigue-cracks at low 

loads, This crack acts as a stress concentrator which loads 

to  the  subsequent fallure.of the remainder of the «ross-nection 
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Figure 1. Figure  2. 
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X100 0  etched in 
2 per cent nitea„ 

X1009  etched in 
2 per cent nital. 

MAVY-WALLED THIN-WALLEn MUM 

Eigurei . 
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X1000, etched in 
2 per cent nital. 

HEAVY-WALLED TUBING. 

X1000, etched in 
2 per cent nital. 

THIN-WALLED TUBING. 
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