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rvm May  29,  194b. 

• 

cf the 

L4vest1,atin :1c. 1.884. 

Yetall:cal :;xaminatIen. of Fulled 
LOsitr AVe. TUbini; rrON 

; -sistem of a *.ane ;iircrt 

(Yriin of Laterlal and Obj_ect of Investi.:Ltloni  

On AprIl 	1.43, a failed levcr arm t'JbinG (see 

Fl e;ure 1) takce frou Lao control sfstem  of a  Crane aircre,ft 

was submitted, for :dctallurlcal  examination,  b;" the Director 

of heronuutical II.s,Alction  for Chief  of t. -.2  Air  Staff, Dep*rtment 

of National Defence  fee Air,  Ottawa, OnuiYiu, 

covorint;  .,etter (File  No.  9 ..:8(7A---S  (AMO DAL)), 

auted April 	l'Ab, stated tnat tàe  aircraft  had crashed ,.Lnd 

was subsequently consumed by fire. A motallurt,ical examinatioa 

was requested  in  tre  aope tnat inforeation  m4;ht be secure -.1 which 

would indlcate 	caiaie  uf 	fa:lbre c. :  

ntinul on  next  pa...(;; 
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(Origin of Material and  abject of lxteestigio,  zontld) 

FiGure  1, 

FAILED LiMR AF TUHING. 

(Approximately 	actual size). 

Visual  Examination: 

Visual examination indicated that the fracture  had 

occurred at the toe of several welds (see Figures 1 and 2). The 

brittle nature of the fracture is shown in Figure â. 

?Icure 2. 

311041G PWIT1ON  OF FUTWL:. 

(Approximately 	 cidize) 
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Visuu 1 E:tamination, c3ilL 4 d) 

Piguie  

Note fracture  suL bestinc brittle failure. 

(Approximately 4/5 arcual aize). 

Chemical =tnal:sis: 

The  results obtained from u chemical analysis  made 

un the,tubinc,  is compared with  the chemical limits for ME  

X4130 steel  in the followin table: 

àpecification, 
Found 	SAE  X4130  

-Per cnt- 

Carbon 	 • 	- 	0.3b 	0.25-0.35 
Y,ananese 	 0.47  • 	0,40-0.60 
Silicon 	 0.30 

0.L;09 
Phosphorus - 	0.024 
Nickel 	 0.07 
Chromium 	 1.13 	0.80-1.10 
molybdenum - 	0.27 	0.15-0.25 
Vanadium 	 Nil. 

■•••••■••••■■■••••••■■■1111.11■•••••••••■•••■■••••••■••■•■■•••■•1•110, 	 •••■•■•■■■•■••••••••••••••• 

Tensile Test: 

The tensile properties of the tubing as received by 

the welder were deterwined by pullinc, on a Hounsfield tenscmeter, 

a micro-tensile test piece cut from the tubing. In the  table 

below, tàe results obtained are compared with  the U.S. Armà- 

Navy Specification AN-T-3 (1)  for X4130 aircraft tubinG: 

(Continued on neda page) 
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(liensile Test, cont,d) 

	

An  Pol:11à, 	U.S,  Aru•-Naliv. 

	

. 	.....,p.sol. • 	Soecification, 
.s .i.   

	

neld  strength 	- 8.7;,300 75,00G min, 

	

Tenzile strength - 104,2J0 	9b,00(2. n 

ILUMLI1iMEE-Die£1122aI: 
It piece of the tubilàg was normalized by heating at 

1650°  P.  followed by cooling in air. 

Herdlifel1.21_11111.1E: 
Uardness readings o using the  Vickers machine  (20-kg 

loud), were taken on the tubing as follows: 

(a) Portion  of tubing remote from heat, of  weiding, 

(b) Portion of tubing  adjacent to fraoLure. 

(c) Normalized tubing. 

The results are as follows: 

KARMESS  READING(' 

	

Vickers 	Roci;="57--  
(a) Tubing remote 	(20 -1 	....121.11jeeL-- 

' 	from heat of welds -  254-264 	 -' 

(b) At fracture 	 - 248-310 	 22-31 
e)  Normalized 	 - 329-347 	 33-36 

■■■••■•••••••••■••••*■•••■•■•••■■■■■••••■•••■•••■••■■ 

Microscopie  Examination: 

Figure  4,  taken at  X1000  magnification, shows  the 

microstructure of  the tubin,3 as  supplied tc  the welder.  The 

structure  consists of  2artially spheroidized carbides  in a 

ferrite groundmass. 	 • 

Figures  5  and G,  at magnifications of  X1000 and 7,b00 

respectively,  are  photomicrographs  of sections immediately 

adjacent 	the  fracture.  The  structure  shown in  Figure 5 

is spheroLlized  and has not been affected by the  welding heat, 

while tha in Figure  6 is martensitic in  appearance and is caused 

by a  high  .e:elding  heat followed by fairly rapid cooling. 

Figure  7, taken at X200 magnification, indicates the 

structure  ci  the weld metal. 

.(Continued on next page) 
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(Microsccpic Lxamination, uontfd) 

Figure  3  3hOW3 the  deep ‘lotch effect ,2,1,o(Iuced at the 

toe of the  weld bj improper fusion. This would lead to high 

stress concentration. 

Figure 	taken at X500 magnification, shows the  degree 

of decarburization evident in the tubingunder xaminatlon. 

Fiure 1j,  taken at X1000 magnification, indicates 

the microstructure obtained by normalizing o  tir.t  is,  heating at 

16500  F. and coolbm in air. The  structure la :r_artensitic. 

Discussion: =mmeam==mmm 

The resUlts of the chemical analjsis ohow that the 

tubing was manufactured from  Sek;::  X4130 steel  and  Is aatiafactory 

from the point of view  of  chemical content. Tilc tensile properties 

satisfactorily meet the requirements of U.S. Ar;-v..Navy Specificatioa 

AN-T-3. 

Tho brittle nature of the fracture sugests that 

failure could have resulted from either  of two causes! 

(1) Sudden impact, as  n a crash. 

(2) FatiFrue  while in service. 

.;..215.2E1.2212121 - 

Failure by sudden impact, such as in a crash,  would 

most likely occur at  a section which is quite brittle  or which 

is defective. Hardness readings taken on  a croes-section of the 

tubing cut immedi&tely adjacent to  the fracture  shore variation 

in hardness from 22 to 31 Rockwell "C", caused by the welding heat. 

It is thoughtthat tubing having  a maximum  hardness of 31 Rockwell  , 

"0"  would not be conaidernd unduly brittle. 

Fatikal - 

Several factors which may  have eontributed to failure 

ef  the  tubing by  fatigue were noticed. These are  as followsz 
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(Discussion,  cent') 

(1) Spheroidized  condition of  the  tubing, 

(2) Decarburization. 

(3) Notch effect at the  toe of  welds,caused 
by improper welding. 

The spheroidized or partly spheroidized•condition'of 

the tubing as supplied to the welder is evident from the  photo

microrahs (Figure 4 and 5), and also  by the hardness (24 to 25 

Rockwell "C"). It ie thought that tubing in this condition would 

be considerably weaker  In fatigue  strength (becauae of the  ferrite 

matrix) than tubing that had been normalized,  or normalized and 

then drawn to a  temperature below that resulting in spheroidization 

SAE X4130 tubing employed in aircraft Is most commonly 

supplied to the  welder in the normalized condition. However, it 

is thought that because of the high hardness (33 to 38 Rockwell  "C") 

attained on normalizing the tubing under examination, the 

manufactueers found it neceasary to resort to a high draw in order 

to restore the required ductility.  The  drawing temperature eMployed 

was evidently high enough to cause spheroidization, which, it is 

felt, wouid result in a steel of lower fatigue strength. Assuming 

that this contention is true, tnen the  obvious procedure in preven-

ting a  similar occurrence is to draw the  tubing at a temperature 

below that reaulting in spheroidization. 

It should be noted that failures encountered in an  air-

craft previously examined (see Report  cf Investigation No, 1805, 

March  5,  1A45) occurred in tubing Which was very similar in 

microstructure, that  le, partly  or whofly spheroidized.  This fact 

may lend additional  support to the opin.Lon that tubing in  the 

•pheroidized condition has lower fatigue strength. 

The decarburization  observed (see Figure  '.;) occurring 

both on t.y inaide and  outside surfaces of the tubing,  and whiCh 

twat have resulted during the heat treatreat the presence of  the 

spheroidized structure proves this), contributes  very consideraoly 

to  a  decreese in the fatigue atrength  cf the  metal. 
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(Discussion, cort , d)  - 

The deep notch effect noted in FiL:ure  c,  resultinG 

from Improper weldinE technilue, acts as an area of 114;h  stress 

concentration, thus seriously decreasinc the tensile stren t_;th  of 

the tubinc. This  typo of  defect must.be  avoided in aircraft 

corot -,nants. 

Conclusions: 

The followin é; Is a summary  oi  te C3nClUSIL)nS: 

1 0  The  failed tubine  %Wad  uanufaztured from  ai  X.4130 

stoel and  satisfactorily complies .1.th the  U..  Army-Nuvy 

specifications  El3 resarda  both chemical  content  and  mechanical 

properties, 

2. Hardness  tests  made on the tubing  adjacent  to the 

failure  failed to disclose  undue brittleness  which wiJuld 

result in  failure  by impact. 

3. It is  thought that failure resulted  because  of low 

fatigue strenth.  The facto.-s noted which mr..lt haft contributed 

to  t:lin  condition are as  follows: 

(a) i'artlaily a;,herolUized conaitlan cf the tubin t;, 
(b) Decarburization. 
(c) Notch  effeat dt  the toe  of welds, 

resultin ' rom imdroper 

Recommendations;  

The following recawieudations  aise  suzi;ested: 

1,  The  tubing should be supplied to  the heat  treater 

in a  condition sc  heat-treated  as  to avoid spheroidization. 

2. Special care during heat treatEent should be taken 

to avoid decarburization, 

3. The weldinG technique  must be of  the hiL;hest  quality 

in order to prevent the  occurrence of  deep notch effects end the 

resultant  hIchly stressed area, 
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Fiure  4. 

X1000,  nit.  etch. 

MICROSTRUCTURE • OF  TUBING AS 
SUP2LIEL TO WELDER. 

Note partially apheroidized condition. 

•■•••••■• 

,Fiere  b. 

X1000, nital etch. 

MICROSTRUCTURE OF TUBING IeiEDIATELY 
ADJACENT TO FRACTURE. 

Note spheroidized condition similar  to  Figure 4. 



X500, nital etch. 

MICROz.iTRUi;TURE Cii° TUBING Ii;:MEDIATELY 
ADJAC:ENT TO'TIŒ  FRACTURE.  

Note martensitic appearance  of structure. 
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X200, nital etch. 

MICROSTRUCTUE OF  VELD  METAL. 
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:X50, nital et^-Ii.

?vOTCFt 'I^'h'E^T AT TU.^ OF '^`^EL :^,
PRODIJCED BY IMPROPER FUSION.

F L ,ure 9.

X500, nital etaho

SHOWING llECARBURILATI.üN a

: I'8E;ta



X1000, nital etch, 

UARTELSITIC STRUCTURE 
OBTAIUED BY NORMALIZINO. 

•••••■• 

AFC4C. 


