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OTTAWA 	March 50  1945 , 

R E  P 0 R T 

of the 

ORE DRESSING  AND METALLURGICAL LABORATORIES. 

Investigation No, 1805. 

Examination of Welded Tubing from 
Fuselage of Marvard Aircraft. 

On i in of i'4ateria1 and  Object of Investigation:  

On December 8, 1944, samples of tubing (see 

Figure 1) taken from the fuselaL;e of a Harvard aircraft 

which had broken up In the air were submitted, for metal-

lurgical examinations  by the Chief of  the Air Staff, 

Department of National  Defence  for Air,  Ottawa»  Ontario, 

The locations of the  samples (arbitrarily called A, B, 

C and D) on the fuselage frame structure are shown in 

Figure 2, 

The covering letter (File No, 93880-1-5(ANS0 

S O 4-0-1), dated December  7, 1944, stated that  an  opinion 

had been expresaed that  the initial  failure occurred at 

section A due to the existence of a  previous crack 

followed by secondary failure  ut  the other aections,. 

It was requested that a metallurgical examination be 

made of the failure in tubtlg A, as  well as the other 

materials, ln order to determine  the cause of failure, 



.63 

, 

;Cr;.q..in 	 ur 
inve3tiaLl.Dn e  

F l iTure I 

FRACTURES IN liâRVARD AIRCRAFT FUSELAGE TUBING. 

.  (Approximately 1/3 Norma' tize). 
••••• 

Fir.vre 2 

FUSELAGE  FORWARD  FRAME STRUCTURE 

POSITION OF F.iACTURE IN ThT_:: FUSUAGE, 
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Lacro-Examination: 

Visual examination revealed the following: 

Failure  at section A occurred in the tubing proper, 

a short distance away from  a weld (see Figure 1). The nature 

of the fracture is shown in Figure 3. 

Failures at eections B, C und D were located in 

weld. areas, the fractures in  B  and 0 occurring at the toe of 

the weld (see Figures 4 and 5) whereas the fracture at D 	 . 

occurred through the weld metal (see Figure 6). 

Chemical Analysis: 

Samples of tubing, taken from sections A, C and 0 9  

were submitted to chemical analysis. In Table I below, the 

results are compared with the chomical requirements of 

SAE X4130 steel. 

TABLE I, 

Sample Sample Sample Specification 
A 	C 	D 	SAE X4130  

Carbon 	- 0.35 	0.31 	00 34 	0,25..0.35 
Manganese 	- 0 0 54 	0049 	0,44 	0,40-0,60 
Silicon 	- 0.26 	0,25 	0,28 	- 
Sulphur 	.  0.016  0.028  0,022 	0.05 max, 
Phosphorus - 0.014 	0,011 0,011 	0.04 n 

Nickel 	- Nil, 	Nil, 	Nil- 	 . 

Chromium 	.  00 9b 	0,77 	0.90 	0080-1.10 
Molybdenum  .0  14 	0.19 	0,17 

. 	1 	 00 15-0,25 
.M.1•■•■■•••■•■■•••■ 

aid-e;hn Test: 

A sample of  the tubing from  section A was  heated 

in a carburizing atmosphere  for.8  hours at  17000  P, and 

cooled in 12-apfurnace,  the object being to  determine  the 

grain size ..  

The grain  size was found to  be mixed (see Figure 17). 



A . 20-23 
B 
C 	21-22 
ID 	- 	24.25 

36-52 
33-40 
39-48 
31-50 

23. 	21-52 
23-25 33-40 
.23 	39-46 
29 	31-50 

Hardness, 
Rockwell "C" 

36-37 
36-38 

17-20 
46-54 
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Normalizing Experiment: 

Samples of tubing from sections A and C were heated 

at 16500  10 0  and allowed to cool in  air, Hardness readings 

were taken, using the Vickers hardness tester. 

The  specimens were then drawn at 1250° P,  for  2i 

hours, in a lead bath, and hardness readings again taken. 

Hardness  Testins: 
A  hardness survey was made on all of the  sections 

submitted, using the Vickers hardness tester with  a  20-kilo-

gram load. These readings were then converted to Rockwell  "C" 

values. 

Hardness readings were made in  duplicate at  the 

fractured surface  of  the tubing of section A. These were 

found to  range  from 21to 52'Rockwell "C". 

A  break-down of the hardness readinga of the 

different  sections at the welds is given in Table  II. 

TABLE  II.  - Rockwell "C" Hardness. 
Normal Heat.Affected 	 At 

Section 	Lone 	Zone 	 'Field  Fracture 

Hardness readings obtained on samples of tubing 

subjected to various heat treatments  am  o  given  in  Table III. 

TABLE  IuI  

Section Heat Treatment 	 

A -  Normalized, 1650° F. 
C 
A - Normalized and drawn 

at  1250° F, 
C 	-  dater-quenched, 1550° F e  
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Microscoec Ixataination; 

sFigurea  9 and  10$  both at X1000  ma ■ -pification,  are 

photomicrographs of  tubing . tal:en from section A at  the  fracture, 

away from  the  heat effect. of e we3.d, The microstructure con-

slats of ferrite, pearlitgo and undissolved carbides,  The 

structure  shown in Figure 10 appears to be  more  greatly 

spheroidized than that of Pigure 9. 

Figures 11 and 12,  both.at  X1500 magnification, ere 

photomicrographs  of tubing taken from  section C o  at areas 

away  frora the weld.  The microstructure of Figure 11  consists 

of lamellar pearlite,  spheroldized carbides, and  ferrite, 

whereas the microstructure of F4;ure 12 consists of spheroidized 

carbides and ferrite,  This letter  structure may be  considered 

typical of thistubing as'delivered to the welder, It ehould 

be noted  that  the  tubing of section  4 containing the fracture, 

had the same structure  away from  the weld as that of C, 

Figure  13  shows the  microstructure, at X1000 magni-

fication,  obtained  by  normalizing  a piece of tubing A from 

16500  ?, The  structure consists of a  low-temperature trans-

formation product,  prooutectoid  ferrite, and cArbides, This 

photomicrograph  ehould be compared with  Figure  14 $  which  shows 

the structure obtained  by gas-quenching  (rapid normalizing) 

&A: X4130  tubing of 0,35 per cent carbon  content. (Trana-

actions A.S.M, Vol, 33, 1944, p. 312).  . 

Figure 15 is  a photomicrograph, at X1500 magnifica-

tion, of the structuro  obtained by.  normalizing  a  sample cf 

tubing from  161)00  P e , followed 1-.)y drawing at 1250° F. in a 

lead  bath for 2-7:hours 0  This structure, which consists of 

spheroidized carbides  in a ground mass of ferrite, should  be 

compared with the photonierographs in Figures 11 and 12. 

Figure 16, taken at X1000 magnification,  shows  the 

microstructure in the  tubing of section A at an  area  which  was 

affected by the  heat  of  welding.  The structure  is martensitice 



Carbon 
Vanganese 
PhosPhorus 
Sulphur 
Chromium 
Molybdenum 

Per  Cent 

0,25-0,35 
0,40-0,60 
0,04 (maxo) 
0,05 (max0) 
0,81-1,10 
0,15-0.25 

...1.1111.•■•••■■•••••■•■••■••■•■•••■••■ 
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(Microscopic Examination, contld) 

whiCh accounts for the unusually high hardnees readings obtainerl 

In  the heat-affected zones (up to 52 Rockwell "C"). 

DISCUSSION:  

feleigiçation lieouirements.  - 

The Army-Navy speoifications (1). for aeronautical 

chrome-molybdenun (X4130) welded steel tubing are covered in 

detail by the AN-T-3 specification.  It lists  the following 

requirements: 

TABLE  IV. 

"Atter the  last  forming operation s  the tubing 
shall  be  normalized,  stress-relieved„ 
or  otherwiee  heat-treated to develop 
the physical  properties specified in 
Table  V." 

TABLE  V. -  phlecal  Properties.  
(eUirTUrmalUderM0  Tubing) 

Minimum  yield strength 	. 75,000 p,s,i, 
tensile 	 - 959 000 " 

kinîmum elongation  in  2 inches - 10 to 12 per cent 
on full tube. 

Minimum  elongation in 2 inches - 5 to 7 per cent 
on strip, 

Normalizing is  generally defined as a  "heat  treatment 

ocmrelei4;keatIngiron-baae  alloys to  approximately 100 degreen 

Fahrenheit above the critical  terperuture  range, followed  by 

cooling to below  the range  in etill air at  ordinary tempera-

ture," 

According  to a paper by W o  Pestrak and W. W,  Ackerman, 

"if there is to be no  further heat  treatment  after welding,  the 

steel must be in the normalized state before  welding" 

(Continued  on  next  page) 

.(2 ) 
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(Discussion,  conttd) 

Ellan11.9.1L.DALIALP. - 

On  the basis  of the results of the  chemical  analyses 

made an tubing taken from eections  A, C and D, the cheltical 

content of the tubing satisfactorily complies with the speci-

fication requirements, It should be noted, however, that  the 

carbon content of the tubing meets the upper limits  of  the 

specification. 

Mechanicalfropertiee  - 

The spheroidlzed structure of the tubing (see 

Figures 10, 11 and 12) as  delivered to the welder, indicates 

that the  steel in this condition has a minimum of tensile 

strength  and maximum ductility,  If sufficient tubing had 

been  provided to perform teneile tests, it would have  been 

possible to determine the strength of the tubing as supplied 

to  the welder, In the absence of the required length  of 

tubing, it is not possible to state any accurate figure for 

the tubing in this condition, Rough approximations can be 

made, however, on the bai s of hardness tests, 

According to  a dhart in the book, "Molybdenum in 

Steel" (section 5 9  page 15), issued by the Climax Molybdenum Co., 

the hardness corresponding to a tensile strength of 95,000 

p o s,i, would be in the neighbourhood of 17 Rockwell "C", 

Since the minimum hardness encountered in the tubing examined 

was 20 itockwell "C" , it is obvicras that on this  basic  failure 

through low tensile strength cannot be attributed to the 

spheroidized condition of the steel, 

Microscopic tnumination,  as  well as hardness  tests 

taken along the fracture in section A,  shows that the  micro-

structure varies from that ofe‘ :-.eroidized carbides "tsee 

Figure 10) to martensie, and the  hardness from  21  Rockwell  "C" 

to 52 Rockwell "C" (see Table 1I), This unusually great  range 
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(Discussion, cont'd, 

in hardness 13 due to the haat effect of the welding, which 

was closer to  the  fracture at one portion of the periphery 

than at the remaining portion. It also indicates that the 

steel is capable of an unusually great magnitude of hardness. 

To confirm this latter statement, twe pieces of 

tubing, taken from sections A and C respectively, were nor-

malized by heating at 1650° F o  and cooled in still air, Th5 

resultant hardness was found to  range  from 36 to 38 Rockwell 

ne (see Tel° III). The mechanical equivalent would be as 

follows: 
ToS o 	 Y o P o 	Eloniz o  (2 in o ) 

100,1:100 p,s 0 1 0  l5O,000 p e s o i o 	6 per cent 

The physical properties obtained by normalizing 

SAE X4130 tubing, of dimensions similar to the tubing in 

this investigation, as reported in the paper (2)  are as 

follows: 

T o S o 	YoPo 1-1/8" (U. x 18 gauge 121 0 800 94,800  , psr  cent 

The hardness corresponding to these properties 

would be in the neighbourhood of 23 Rockwell n O", 

An explanation to account for the high hardness 

encountered in the tubing under examination could be found 

in either of two conditions: 

(a) High carbon content. 
(b) Large grain size o  

(a) Highnon  qontento  

It was stated in Paper (2) that normalizing by 

cooling in inert air was not drastic enough to meet the tensile 

strength required, especially with steels of lower carbon range, 

and it was necessary to resort to the use of  moving gases, 

From this observation it may be implied that the hardness of 

SAE X4130 steels is sensitive to the carbon content, and 



(Diecuesion, contld) 

therefore nteeis In tee letter cereJon ranee miryt have a 

very ii'q;11 hardnesa. 

(h) Larde  :,:rain  Size, 

Phe ecL4uald-e;hn test (repeated it duplicate) 

ehowed % mixed drain size. (Seè Figure, 17), 

illatever the reesene may be for the hieh hardnes 

attained by the steel, even on normalizing, it is very likely 

that becaese  of this  Inherent characteristic it was necessary 

to draw  the  steel  et a. ih temperature, in crder  to obtain 

thc  ductility requirei  ';Ir the spocification,  since  it is 

obvious that  ordinary  norxecliging would result  in c  steel 

much to  brittle  to muet these requireeents. 

The  microstructure  of  a  sample which had been quenched 

and  drawn, shown  in  Fifeure 15 9  consiets of spheroidized  carbides 

in a  background  of  ferrite  and is, to some extent, similar to 

the  structure of tene tubing "as  received". The hardness was 

found to rance from 17 to 2e) eockwell "C" s  Meich Is slightly 

belew that recorded for the "as receivadfi tubing, It is likely, 

thereforo„ that the  tubing may  have been drawn at 1250° F o  for 

a shorter period  of time, or for the saIca length of time  eet 

1200° F. 

Regarding the failure in the tubing of section A, 

which occurred a small dIstance wy from the weld, two explan-

ations eey- ho effeeed  to :1,-,, unt for tho faUure: 

() ,:lhuroidizeU conaition ef the steel, 
Bieittleness due to extremely 

hie,h lutrdness. 

(a) epheroidized Condition of the Steel. 

Becauee of the inherently eelf:lh hardness properties 

of this steel, it ens evidently necessary to produce a  spheroid-

ized structura to comply with the  specification 0  elthough  the 
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(Discusaion, cont'e) 

hardness of this  steel Yeay be approximately that of the hardneee 

of a  normal steel in the normalized condition, the fatigue 

strength of the former  nay he  considerably loss than that  of 

the latter because of the large ferrite matrix of the spheroid. 

ized steel. Mimeo, failure may  have resulted because cf low 

fatigue strength. If additional samples of this  "abnormal" 

steel were available  in  order that a comparison could be made 

with tàat of "normal" SAE X4130 steel, the results might prove 

of general as well aa specific importance. 

(h) 3rittleness Duo  to Extrnmela  
hih-nW7iness. 

Hardness readinGs obtained at the fracture  of 

the.tubing in section A, along the periphery, Showed a range 

from 21 to 52 flockwell "C", because of the heat effect from 

the welding. It is quite possible that a crack may have been 

initiated at a location of high hardness and failure have 

resulted by the tearing of the softer portion of the tubing, 

resulting in the jawed, ductile fracture apparent in Figure 3, 

*:eelding - 

Fireures 4 to 8 dhow typical welding defects found 

in all sections. The nest common defect  is  that of  unfused 

roots, whieh, in  soMe cases, have  resulted  in  cracks (see 

Figures 5 and 6)  and, in others,  voids  (see  Figures  7 and 8 )0 

It  is alao noted that in sono cases the  welds  are 

improperly  placed, that ie„ althoue sufficient weld metal 

has  been applied this metal has not been placed in areas  of 

maximum  efficiency  (soc  Figures  4  and 5). 

Other  failures  have  been noted  in  the toes of  the 

weld  (Figures 4 and 5) und are presumably due to high hardness 

in  the heat.affected zone, already discussed. 

Cracks  and voids at roots of welds, as well  as high 
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(Discussion, contid) 

hardnesses in the boat-affected zones, all act as high  stress 

raisers and as such can result in  failure by  eracking,  within 

short  pericds of service, These stress raisers are  particularly 

dangeroUs  when welded members are subjected to vibration  under 

stress, 

In the  failure of these parts, it would appear  pro m  

bable that the primary failure has resulted in overstressing 

of adjacent Wales, These welds subsequently failed through 

areas containing welding défeCts or high hardness of the 

heat-affected zone. 

The deleterious effect occasioned by the high hard-

ness resultinc from welding heat could be eliminated by sub-

jecting the welded structure to  a drawing operation after 

welding °  However, this heat treatMent subsequent to welding 

is most likely  unfeasible because  of the large frame dimensions, 

••■•••••■■••■••••••■•• 

CONCLUSIONS: 

1, The tubing employed in this Harvard aircraft 

fuselage was  made  from SiVt1 X4130  steel, 

2, The chemical content of the  tubing complied 

satisfactorily with the  requirements of  Army-Navy Specifi- 

cation AN-T-3, for 3AE  X4130 steel. 

3 The carbon content wae found to meet the upper 

limit of the required apecification, 

4, Failure at section A occurred in the tubing 

proper, a short distance away from  a weld, 

5, Failures at sections B 0  C and D occurred in 

weld ares as follows: 

Fracture in B and O p  at  the  toe  of the weld. 
Fracture in D o  throe:el the weld, 

6, The microstructure of the tubing as received 
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(Conclusions, cont'd) 

for welding aonsisted of spheroidized carbides and partially 

spheroidized pearlite in a background of ferrite, indicating 

a high drawint.); tempecature. Tàe usual heat treatment for  SAE 

X4130 tubina is normalizing. 

7o In the absence  of a  sufficient length of tubing 

upon which tensile tests  may be  performed, it is not possible  . 

to determine definitely whether the tubing in the spheroidized 

condition could qleet the requirements of the specification 

Hardness readings »  which may not be completely reliable, 

indicate that the steel should satisfy the requirements, since 

the minimum recorded hardness of 21 qockwell "C" corresponds 

to a tensile strength of 110 9 000 p o s.i, and a yield strength 

of 90,000 p.s.i, 

a. The steel employed, possibly because of high 

carbon content, has the inherent property of achieving unusually 

high hardnoss for an 'JAE X4130 steel. 

9. Because the usual normalizing treatment, if 

applied to this.steel, would result in prohibitive hardness 

ana  tensile strength, It was most likely necessary for the 

manufacturer to spheroidize  the steel in order to comply with 

the specifications. 

10. Because  of  the  inherently  high hardness charac. 

teristics of the steel, those,bortions of the tubing affected 

by the welding heat result in  a  hainess which may be quite 

dangerous ns resards brttleness o  

11 hardne3s readings at the fracture of the tubing 

at section A ranged from 21 to 52 Rockwell "C". Failure could 

have resulted from either the low fatigue property of the 

spheroidized portion, or the brittleness of the hardened zone, 

caused by the welding  heat. 

12. Jelding defects found consisted of unfused  roots9 
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(Conclusions, cont , d)  - 

resulting in cracks  end  voide, and improperly placed welds. 

Failures also occurred at toes of welds due to hle hardness 

in the heat-affected zones, However, these failures may  have 

resulted aubsequent to  the'failure in  the tubing of section A. 

13. No  heat treatment after welding was evident 

because of its impracticability. 

14. One cannot state definitely that failure had 

initiated at section  A  and then apread to other areas, although 

it is quite possible  that  such  may  have been the case, 

RECOEMENDATIONS: 

1. It is advisable to procure more of the tubing 

involved, so that a more complete investigation can be 

possible. A comparizon of this  Steel  with that of normal 

SA} X4130  tubing might result  in  information Which  could  be 

of  considerable practical value, 

2. The tubing should  have  been supplied to the 

welder  in a condition s114' ).tly harder than that  called  for  in 

the  specification, in  order  that the spheroidized  condition 

might  be avoided, 

Acknowledrment: 

1?cferences in  this report were made  from the follow- 

ing papere: 

(1) "Bright Gas (,;uenching of SAE X4130 and NE 8630 Welded 
Aircraft Tubes." - Wm. Lehrer, Trans A.S9M, 
Vol.  53, 1944, p, 290 5  

(2) "Plash Olelding SAE 4130 Steel Tubing." -  W,  Pestrack 
and  W. à.  Aekerman, The Iron Asa, Jan,  25,  1945 2  
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Firm no  3, 

X32, 	S3etion  ''4“„ 

SHOWING DUCTILE  NATURE ŒF 
FRACTURE IN TUBIN.3.. 

Fiqure  

FRACTUE.C. AT TOE OP 

Nato also unfused root 
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5, 

:;ection 

FrAcTuu AT 'COE OF J2LD, 

rçJte crack originatlng at toe of weld. 

I'ru.ro 

X11;i, ction  T),  

?UACTURE  THOUGH  TUROAT OP WELD. 

frobably started at unfused root. 



:3 cc tic^n "A
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f?azr,e and suâgectucantly roi/Sr@Ci with
w6iCi l,et41o

i'iLrtxre U.

X3C^ ^ection "Dn

CÀVlri'Y IN TCE l.TCiEA OF WKJ?o

Due to improper flame manipc;lationr,
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• 

X1000, nital etch. 

SECTION "A"  AT FACTURE, 

Ferrite, nearlitc„and  carbides.. 

folcruire 10. 

X1000, nital catch., 

S2CTION  "A"  AT BREAK. 

Perrite,  pearlite,  and  carbides, 
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X1500, nital atdh, 

Section "C", 

STRUCTURE OF TUBING "AS . .ECEIV'UD", 

Spheroidized carbides, lamellar partially 
spheroidized pearlite, and ferrite, 

IIMP'6 12 . 

X1500, nital tch, 

Sectiou  "C". 

TUI3ING "AS RECIVED", 

Spheroldized carbides in a 
groundmaas of forrite. 
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X100'i e  nital etch. 

'SSCTION "A" „ NORMAL 17,a'D FROM 1650° F. 

Low-tempe rature tran.s formation product e  proeutec to • d 
ferrite „ and  .  un.diss olved c arbides. 
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x500.  

GAS -WI:NC; 	31k.b.-: . X4130 3"1112.1,  TU 	OF 
0.35 1... - 11 	 CONTZN'T 
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X1500, uital etch, 

NOHMALTZED FROM 1650Q F4  AND Drum  AT 
12 1,0P P. FOli 21  HOURS, 

Ferrite  Rnd apheroidized  cerbides. 
+alb 

Fi7mre 16 

X1000, nital etch. 

Section "A". 

HEAT-AFFECTED ZONE, •SHOWING blARTENSITEc 



(Ltie 21,) 

Elemn2_17. 

X200, nital etch. 
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