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of the 

ORE DRESSING AND MTALLURGICAL LABORATORIES. 

Inveatigation  La. J-148. 

Examination of Aluminium  Alloy Stripe 
for Aircraft  Sectiene. 

• Abetract 

Examination of the strips of 24ST aluminium  alloy 
revealed  ne  metallurgical reasons for the different 
behaviour  of the  lots of material represented, and all 
specimens conformed to  the requirements of Specificatioh 
D.T.D. 270. 

It  is  ougge  sited  that production  of  the aircraft 
sections  be  changed by quenching the tas  receivedt 
material from the recommended temperature.  It  is essen- 
'tie l  that fabrication Éhould  fol/ow this quenching  opera
tion immediately, unless  ae>eing  is  delayed by refri:eration 

letielln_.££.2"blem and Obel.22LPLIEMIL9j2 

On  June 22nd„  1943, F/L  E. R.  Cook, for Cammandinc; 

Officer, No. 11 Technical Detachment, R.  C.  A. F.,  Montreal, 

Quebec, requested verbelly the examination of several iota of 

aluminium alloy strips which were taken from  the production of 

• 
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(Origin of Problem and Object of . Investigation) 

aircraft sections at Cresswell-Pomeroy„ Montreal e  Quebec. 

Information given at that time, and further 

confirmed by a'letter (File No. 902-38-19 .(AMAEgDAI)) dated 

àuly 3rd e  1943 e  from A/C  A L0  Johnson e 'fôr Chief of the 

Air Staff s  Department of National Defence for Air e  Ottawa e  

Ontario, stated that trouble has been encountered in rolling 

those strips in  the "as  received" (fully ageecondition 

to form Z-sections e  because of cracking along the bent corners 

in the processing.' 	 . . 

It was further stated that these •defects were 

Observed only after the production of a considerable quantity 

of apparently "good" sections. 

An investigation was requested to ascertain' if any 

metallùrgical reason could be found' to explain the erratic 

performance of the material and also if the different lots 

of the subnitted material conform to the requirements of " 

• the  British Specification D.T.D. 270. 	• 

it •was also•desired that the properties of the 

material, after reheating and quenching but before ageing, 

be invostigated. 

Description of Material 

Table T  lis the submitted material e  including, 

Identification  marks of  each lot as well as the lot numberà 

given in these Laboratories for easier reference in this 

report, 	 . 

■ 
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Lot 	Heat Treatment 
No.. 	Batch 

Drawing 	Type 	Thicknezs',9 -  In. 
No. 

r , 	' 

2 

Outside radius of 
Inside 

Cracked Z-Section - 

$.2 x thickness of section .  
- , 

= bend 

Outside radius of 
Inside 	 a 

2.6 x thicknese of section 
2.0 x tf 

bond  
tf 
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(Description of Material .e  contvd) 

l'ABLI-P, 7f. 

ie.eawuto.anmencews-aa.a.al-treeve.........rebects.Énavseener aact-ne 	 c.famatre 

Strips 

11 

HDEMZ 
HDAVV 
TWRU 

	

4. 	HDAUZ 

	

5 	HDBOE 

	

6 	BDAITU 
HDAYT - 

	

a 	HDAYT 
0 HDAMY 

	

10 	HDAMY 

28.A 5059 
13'8669 
B 9048 
B 78 J 
B 78 P 
• 9047 	Coll 
B 9047 RolledZ-exitInne 

Coll 
- • Rolled Z-sections 

Strips  

(:)065 
0.082 
0.054 
0.063 
0.063 
0-.063 
0.065 
0.069 
0.065 
0.065 

tc.-re,,eueut.,,IveefentervveveVeer*-...,..rev.en.am-ra 	 nrsemanc,...,,,,extvr-eres-len,als-asreemeteetn,....a.trmeiem...creexerere.ao ,...--1, revne,ser,te.eretre....--,-, 

Lots- Nos, 1-6 are representative of material which 

was said to be unsatisfactery, but no sections rolled from 

• these materials were submitted. 

Lot No. 7 consists of pod rolled Z-sect1.ons 9  and 

Lot No 8 was taken from the same batch before ,rolling. 

Lot No. 9 represents badly-cracked rolled Z7sections„ 

and Lot No. 10 the saine  material before rolling. 

In  this  Investigation the material will be Identified 

by the above lot numbers only. 

BasideS the abovo listed material, some pieces of 

other cracked sections were submitted for general informative 

purposes but these were not further investigated. 

In investigating the design of the rolled Z-sections e  

the following ratios.between bond 

material were found: 

• Gopd kSectIon, (Lot_No. s7) 

radius and thickness of 

Cracked Rig#t Angle - 

Outside radius of 
Inside 	is •  

bond ge 2.6 x thickness of section 
re' 



14,7 
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Chemical .AnaJ ysi s 

Table IT gives the resulta of chemical analysis 

of the submitted s ample s (one for:each lot) 

TABLE •II.• 

001:Iper 	Macq.neal..u.ra Mang2.ne S e 	r on S,ilicen 
ler" 

• -Per  e .enc- 

4.65_ . .' 	1.50 

	

2 	_ 	4.74 	i.37 • 

	

' 3 	- 	4.56 	• . 	1.34 

	

.4 	•-... 	4.63 	1.49 

	

. 5 	 4450• 	. 	1.44 

4.52 	1.31 

	

7 	' - 	' 4..68  

	

8 	-' . 4 41 

. 9 - 	- 	4.41: 

0.59 	 I\  

0 4 63 	0.31  

0.62 	0 4 32 	0.23 

0 4 60 	0.37 	0 4 23 

0,59 	0.35 	0.21 

0.59 	0.40 	0.27 

0.59 	0.37 	0.23 

0.60 	0.35 	0.30 

0.60 	0.4O 	0.30 

. 	British. Specification,D.T0D4 270 requires the fol- . 

lowingcomposition 11Mits; 

a onjer 

› Magna >3 !um 

Manganeo-

Iron' 
- 

Silicon.  

Per cent' 
re,ereareee 

• 

0.8-1.8 

0.5 Me 

044 max. 
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MECHANICAL PROPERTIES: 

Tensile Tests - 

Table III shows the results of tensile tests on 

samples "as received"o The tensile test specimens (005-îneh 

samples. wide) were cut longitudinally from the examined 

TABLE III. 

Lot  No  

5 
4 
5 
6 
7  

0 
9a° 

 9b° 
10a 
10b 

	

0.1% Proof 	"Ultimate Tensile 
Stress, p.s.l. 	Stress, pos.i. 

	

55,600 	 659 600 

	

53 0 750 	 71 9 700 

	

56 9 200 	 73,850 

	

55,500 	 71,000 

	

54 9 500 	 71 9 500 

	

54 9 850 	 719600 

	

54,700 	 72,500 

	

53 9 600 	 72 9550 

	

51 9 200 	 689 100 

	

49 9050 	 70,600 

	

51 9 250 	 71,250 

	

51 9 250 	 699350 

Elongation, per cent 
in 2 _no 	I.n 

16.5 
17 
15.5 
15.5 
18.5 
17 
16 
18 
12.5 
17 
19 
18 

18 
24 
17 
22 
20 
20 
20 
23 
19 
18 
22 
21 

o GracKed &sections. 

The requirements of Specification D.T.D. 270 are 

as follows: 

0.1% proof stress 
Ultimate tensile 

strese 
Elongation in 2 

inches 

min., 39 9 200 posao. 

mino- 0  62 9 720 posol. 

min ,9 1,5 per cent o 

Table TV shows the results of tensile tests which were 

carried out 30 minutes after reheat-treatment of the samplesoe° 

(Continued on neyzt page) 

.0 15 minutes in salt bath at 495° Co, and :Immediately 
quenched ln cold water. 



Lot 
No. 

Ultimate 	Elongation e  per cent 
Tensile Stress,  

In 2 in.? In 1 in ‹, 

0.1%:Proof - 
Stress e  p.s.i. 

f.,64129.1trei.dUrrere seee 

rZaea..L,eeiae-,e.yeearfnteC,JfJeiee.r.feàye.e.,:wtreere-eeaef 

28 
26 
22 
20 
26 

26 
22 
24 
25 

' 
20„5- 

- 	19.5 
18 
20 	. 
20.5 
20.5 
19 
18,5 
205 

P.a.i. 

62.0 200. 	- 
' 64000 

•58.400 
61 0 900 • , 
61 e 250 

• 55 5'300 
580000 
57 0 900 

, 	63,200 
56 0 100 

3 

rt 

8 
9 

10. 

241 0 1500 
26 900 
26,150 
27 0 400 
25,750 
23,100 
24,500 
25, 900 
25, 800 
'23,150 

— 
2 
3 . " 

6 
. a 

0,;065 
0.082 

. cmxie 
0,063 
C-P.063 
0.065 

• 

5 

7 

• 9 	. 

15 
7  

9 
10 

0'0250 
0.312 
0.250 
0.250 
0.250 
0.250 

20 , 0.250 

10 
10 
36 
10 
le 
15 

are as followsg 

Paga 6 - , 

(Meehan:teal Propertles e  contqd) 	• 

Tensne TP_st.Be -  Pont v d 

TABLE IV. 

rimerraii"-e...,wrzeJ:1:5721:,n-en.zzenzteererzeeraeeez-zzecrier.eazernzzz...1,ree,  

,90'Rever_se_Bend_TeSts - 

The 90° reverse bend tests wore carried out In ' 

accordance with B.S.S. 485 0  Para 9b0  The.specimens (1/2-inch 

wide) wore taken transversely to  the  main axis  of  the strips. 

at least 

Lob 
No  

Table V 'giVes the average results: calcul  ated  from 

three reverse bend tests. 

TABLE V. 

Thickness e  Number of 90° bends'(excluding" Radius oe 
.inch 	 the first 90° bendl 	 ' bend 9 

WI'received e,uenchod':Annea.ed" inch 
euezerazi-,^erfl..rer1 

15-mlnute heating in salt bath at 495°'0.,and.immedlate 
quenching  in  cold water. Tests carried out 30 minutes 
after quenching. 

oeb Annealed for  15 minutes  at 350 °  0 and  cooled slowly 
with the furnace. Tested 2 days-after annealing. 

The -requirements of British Specification D.T.D. 270 

Thicknoss e  in Inches 	 . 0.064-0.056 - 0.080-0.072 
Radius of bond e.  Inch. • 	• 	 0.252 	0.320. 

" Number of 90 •  bends e  min  .D  - 	 1 	 1 

(Continued en. next page) .  
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(Mechanical Properties, contld) 

Hardness Tests - 

The hardness was determined by  the Vickers method, 

using.  a  10-kilogram load. 

The hardness tests  were  carried out on longitudinal 

and  transverse sectionn  of  the samples.  Table  VI  gives the 

limits of  hardness numbers  determined on particular samples. 

TABLE, VI. 

Lot No. Hardness, 	: 	Lot  No 	Hardness, 
V.H.N. 	- 

	

. 	 V.H.N. 

1 	- 	136-141 	. 

	

. 	6 	- 	140-142 
2 	- 	136-142• 

	

. 	 .  7* 	- 	146-16 

	

S  • 	 140-112 u 	- 	144-150 	. 	0 	- 
4 	- 	1 39-142 	• 

	

. 	9. 	- 	149-162  
ç u 	- 	140-143 	• 

	

. 	10 	- 	136-136 
■■■■••■•■••■■••111■IMNIIIII 

fe  After rcl1in,7.; to sections. 

Figure 1 shows the  distribution of hardness on 

cross-sections  of  rolled shapes. 

A - Good section  (Lot  No  7) 

B - Cracked  sec -,tion (Lot  No  9) 

P4  -u re  1,  

/sz 
/32 

/3-3 

/6z 	 41 	■s 	6 

/62. 
0 v, 

16  
. . 
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X100, Kerter's etch. 
LONGITUDINAL SECTION. 

X100, Keller's etch. 
TRANSnRSE SECTION. 

LIEME.9  4 0 

• 
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Elmosloplamination: 

Microscopic examination carried oUt on samples 

taken from each lot of the submitted material  •showed no 

defects and practically no differences in the microstructures. 

Figures 2 and  3  show tne averaEe microstructure. 

Figure 	 Fie  

- - 	 - 

- . 	. 

' 

. _ 

•••t•-• 

Fi3ures 4 and 5 show the structure of the cracked 

bend of a rolled Z-section (Lot No. 9). 

niîure 

X100, WIller's  etch. 
LONGITUDINAL SECTION. 

X100,  Keller's etch. 
TRANSVERSE  SECTION. 

1•••••••be 
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DISCUSSION OF RESULTS 

The results of chemical, mechanical and metâi- - 

lographic examinations show that  ail  submitted.  samples;;Centan 

no material defects and exhibit practically no differeneo.in 

properties'of both igoodr and vunsatisfactory ,  lots. All 

conform to the requirements of SpeCification D.T.D. 27Q. . 

The shaping of the sheet metal in aircraft sections 

may be performed with tho material in•three different condi 

tioni1:4haat.ctreating tompers)g 

' A.-."As:received,” which normally mens  the formng_ 

in the aged condition. • 	_ 	• • . 	. 	_ 

"As quenched," which means that .the material 

formed :Immediately after reheating_to.approxtmaty 

490 °  C. and quenching, before or in the 

stage of ageing. 

annealed," which means that the material 	- 

formed after fully annealing at 350-400 °  C. and 

slow cooling. After the formation of the section'', 

In order to regain the optimum mechanical 

properties it must again be reheated, quenched, 

and straightened. 

The selection of the proper temperof the reterial. 

depends upon the complexity of the shape and severity  of  the-

formin operation (type of forming method, e.g.Arawing, 

rolling, •te.; amount of forming operations in which the 

shape is obtained, gradually or rapidly, etc.; the kind of 

forming lubricant used4 the design and condition of toolsi; - 

etc.). 

The most important factor is the ratio of the _ 

bonding radius to the thickness of the sheet. Normally recam-

mended minimum working radii for 24ST—sheet of comparable 

° . "Forming Aluminum n  - published by the Aluminum Company. 
of Amerlea„ Pittsburgh, Pa. e  1941„ pp. 43-45. 
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(Discussion of, Resultsp contld)'- 

thickness to that•submittod--are 3 to 5 times  the  thickness. 

The actual radii found in.this Investigation are 

considerably mailer than r000mmendea for fully. aged 24ST.  

sheets... 

. 	Sinee , the behaviour of the material in the  forming 

.operations is dependent upon so Many external factor ordinary 

inspection methods  of the  material »  as given in the Specifica-- 

. tions; show only . the general strength and quality of the 

examined material 'but give no indication of ItS'formabiIity. 

This formability oan be ascertained only by. actual trial 

under contemplated conditions of fabrication »  or by using - 

, especially designed testing 'apparatus." 

Gonciusions  

- The Investigation , shows that no metallurgical reasons 

for different behaviour -  of the submitted material can be found. 

It seems te be advisable.to  consider changing the 

production of the aircraft sections by 'Ipenching the "us received" 

material from the recommended temperature. Fabrication , should 

immediately follow this quenching operation unless ageing is 

delayed by refrigeration. . 

0000000000000 

00000 

0 

SLmilar to devices shown  in 
. R. Matthaes -,'."Anvfflndung der'PrUfverfahren Lm.Flugzeugbau e n 

.30f.Mer.ALLËUNDE e ,v010 30 (1930),, HV,.. '99-.113 e  Fige. 25 and 26,› 


