
--cfr • 
• • 

OTTAWA 	May 13th, 1944. 

REPORT 

of the 

ORE  DRESSING AND METALLURGICAL LABORATORIES. 

Investigation No, 1644. 

Examination of T.45 Steel Tlibing for 
Fuselage of Abson V Aircraft. 

===eatieefe== 

- 



• 

OTTAWA 	May 13th, 1944. 

REPOnT 

of the 

ORE DRESSING AND IISTALLURGICAL LABORATORIES. 

Investigation 'not 1644. 

1*.amination of T.45 steel Tubing for 
Fuselage of Anson V Aircraft. 

Source of Material  and  2bIect  of Investîeation;  

On May 4th, U44, Air Commodore J1,e, L. Johnson, 

for Chief of the Air Staff, Department of National Defence 

for Air, Ottawa, Ontario, sent in four samples (referred to 

herein as Ap Bp 0, and D) of T.45 steel tubing used ln 

fabricating the Ing section ef Anson V aircraft fuselages. 

In a letter (File Ne. 938DD-5-5(AMAE DAI))accompanying the 

material, the following information and requeets were sub-

mitted; 

(1) Difficulties wore reported in the welding of 
these tubes. 

(2) The naterill is oetensibly T.45 or T.35 tubing; 
but it is permitted to supply SAE X4150 steel 
tubes or tubing manufactured to U.S. Specifi-
cations AN-T•3 or AN-T-33 (NE 8630). 

(3) Chemical analysis and mechanicaletests were 
requested in order to establish whether the 
tubes conforned to the specification. 

(4) Sample Tube A represents the trouble encountered 
in welding, A full metallurgical examination 
of this epecimen was requested. 

(5) Tubes A, B and C failed the flattening test but 
D met it, 

(6) Some eight to ten thousand feet of tubing are at 
present in quarantine and a further quantity has 
been incorporated in complete fuselages, 
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Chemical Ana,lyels: 

Samples  eut  from  the  four  tubes were chemically 

analysed. The results  obtained, along  with specification 

requirements  for the approved ateels,  are listed  1n -the 

following table: 
TABLE . . 

C 	Si 	? 
. 	Uerit 

- 0.45 0.85  0.2 3  0.000 0.022 1.07  0.22 N.d. 
- 0.26 1.21  0.24  0.023 0.030 	- 
- 0,31 1.22 0.25 0.019 0.052 - 	- 
- 0.31 1.22 0.24 0.021 0.032  - 

T.36, T.45 Spec5fied ee  - 0,30 1.75 - 	0.05 0.05 

X4130 steel 	 (0.25 0.40 - 	 0.80 0.15 - 
specified for AN-T-3 -( to to 	0.04 0.05 to  to  

max. max. 

	

(0.35 0,60  - 	 1.10 0.25 » 

A 

D 

NE 8630  steel 	 (0.27 0.70  - 
specified  for  AN-T-33 -( to to 

(0.03 0.90  - 

0.40 0.15  0.40 
0.040 0.040  to to  to max. max.  0.60  0.25 0.60 

Percentages In  T-35 are maximum allowable. 

Mechanical Properties: .  . 

Full-sized  tubes were tested ln tension and  the 

results obtained, along with specified mechanicals e  are listed 

In the  following table: 

Sample 
marked 
No, 

A 

D 
BSI ;  T.35 

BSI e  T.45 

US AN-T-3 
US AN-T-33 
M0MIMIMIRIMIMMVI 

Size 
of tubf_ng e  
inches 

1.00 CD x  0.039 
1 000 OD  x 0.039 
00750 CD  x  0.038 
0.751 0Dx  0.038 

TABL.0 II 
Ultimate 
stre•s, 

VT  120 0 500 
WT 111,900 
WT 119,100 
WT  120e 200 

78,400 

N95,000 
N95000 

0,2 r,2 	Elonga- 
proor 	ton, % stress, u.s.i. in 2 

106 e 000 	4,0* 
102,000  15.0 
109 i 400  15,0 
109,000 	15 0 5 
67,200 	-- 

0:e 

75,000  10/15 
75,000 10/15 

.1100 

Imewo 89, 000  

The  low elongation is due te the presence of a weld in  the 
sauge  length. 

(Continued  on  next page) 
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(Mechanical Properties, conttd) - 

Bend Tests - 

Specimens  out  from the four tubes ail  passed the 

bend test. 

Hardness  Test - 

Vickers hardness tests on the tubes gave the follow-. 

ins results: 

TABLE III. 

Tube 	Vickers Hardness Number 

A 	- 	289 
B - 	247 
G _ 	254 
D . 	254 

A  survey of the hardness of the  welded section of the 

tubing was aleo  carried out, and  the following results were 

obtained: 

TABLE, IV. 

Location of  Readings, 	Vickers Hardness Number 

0.50" from weld 

	

0.40" 	" 

	

0.30" 	" 	H 

	

0.20" 	" 

	

0.10" 	9 	0 

Weld metal 

0.15" from weld 

	

0.30" 	" 	" 

	

0.40" 	" 	" 

	

0 • 75" 	" 	" 

	

0.90" 	" 	" 

	

1.00" 	" 	" 
1.15"  

	

1.30" 	" 	" 

	

1.60" 	" 

	

2.00" 	n 	n  

	

2,30" 	n  

	

2.60" 	• It  

	

3.00" 	" 	" 

4•11.1.. 

Sections of the welded  Tube A were taken in the weld 

zone. Theze and cross-sections of Tubes A, 1 ,0 und D were mounted 

in bakelite, polished, and then examined under the microscope  in 

the unetched  condition. The weld metal  and the parent metal 
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(Microscopic Lxamination, oonttd) 

of all tubes were all found to be fairly clean. 

The steel speciment wore then etched in a solution 

of 2 per cent nitric acid In alcohol and re-exumined. Figure 1 

le a photomicrograph, at X100 magnification, showing the micro-

structure of the weld and parent metal at  the  transition zone 

of the weld. 

Figure 1: 

X100,  etched in 
2 par  cent nital. 

MICROSTRUCTUR::: OP We:LD AND PARENT 
METAL AT TRANSiTION 'LONE. 

Figure 2 is  a photomicrograph, at X1000  magnifi-

cation,  showing the coarse marteneitic structure of parent 

metal in the heat-affected  zone  adjacent to the weld  metalâ 

Figures 3,  4, and 6 uhow respectively, at  X1000  magnifica-

tion, the nital-etched  structures of Tubes A, 	C and D. 

Tube Ate microstructure  is finely  enheroidized rearlite with 

little  "free" ferrite. The other tube  structures  show  co der

able "free" ferrite, The pearlite in  these tubes is also 

spheroidized, with  the spheroidization  probably being less 
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(Microscopic Sxamination s  contl 

pronounced ln Tube D. 

Z000 0  etched in 
2 per cent nital. 

MICROSTRUCTURE OF PARENT 
METAL IN HEAT-AFFECTED 

ZONE OF TUBE  A. 

Mgr  

X1000 9  etched  in 
2  per cent  nitalo 

MICROSTRUCTURE OF PARENT 
METAL IN ZONE WHICH 
HAD NOT BEdll HEIILTIM »  

TUBE  A. 

••••• 

Figure  4. 

X1000 e  etched in 
2 per cent nital. 

MICROSTRUCTURE OF  TUBE B. 
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(Microscopic Examination, oonttd) - 

• ere 5, 

X1000 9  etched In 
2 per cent nital. 

MICROSTRUCTURE OF TUBE  Co 
.11.0 

PlzUra-6. , 

X1000 0  etchod In 
2  per cent  nitale 

MICROSTRUCTUR . CF  TUBE D. 
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Discussion  of  Results: 

Th compoeitione of the Tubes Bp Op and D are within 

the limits specified for T.4b steel tubing s  except  for the 

carbon contents of Tubes 0 and D which are juet outside the 

upper limit. This is not zensidered as  sufficient reasen for 

rejection: The compositlon of Tube à does not oomply with 

any of the specifications given in Table 1. The steel used 

In making  this tubing is eimilar in composition to  an 

SAE  4140 eteel. Hardness and microscopit testa at the welded 

aection revealed that the :noel 18  air-hardening,  In  view  of 

the  alloy content present s  the carbon content  id considered  to be 

too  high for  fabrication by welding unless it is poeeible to 

heat-treat after welding. The  mechanical properties of all 

four  tubes conform to Specification T u45 0  It le true that 

only  one sample passed  the flattening test s  but they  ail  meet 

the  requirements of the bend test s  a  substitute for the flat-

tening teet. The spheroidized pearlite of the "as received" 

non-welded material indicates tbat  the material was drawn at 

quite  a high temperature,  The  small amount of ferrite  in 

Tube A indicates that this tube was cooled fairly rapidly  prior 

to  the draw. 
MIIMIIIMIenamsnmnlalrale.• 

Remmermrioes. 
1. Tubing A should not be ueed for  Anson V fuselages. 

2, Tubing A should not be ueed in welded assemblies 

unless the  material can be given a subsequent draw heat  treatment. 

3, Sample Tubes B s  C a  and D are  considered satiefac-

tory for  use In welded Anson fuselagee. 
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