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On the testing of diffusion-bonded overlap 
joints between clad Al-Zn-Mg alloy (7010) sheet 

P. G. PARTRIDGE,  D. V. D U N F O R D  
Materials and Structures Department, Royal Aircraft Establishment, Famborough, Hampshire 
GU14 6TD, UK 

The shear strengths of diffusion-bonded overlap joints between silver-coated clad 7010 AI-alloy 
sheets of thickness t = 3.2 mm have been determined for various overlap lengths (L) and out- 
of-plane bending constraints. The measured shear strength decreased with increase in L due 
to increased bending and peel stresses associated with the asymmetry of the loading path. For 
overlaps greater than about 1.25 to 1.9 t peel fracture replaced shear fracture as the dominant 
deformation mode. The bond was more sensitive to peel stresses in the aged state than in the 
solution heat-treated state. For evaluating diffusion bonds between aluminium-alloys it is 
recommended that the bond area and L be measured on fracture surfaces and the shear 
strength be obtained for overlaps in the range L/t = 0.6 to 0.8 using overlap test pieces which 
are restrained from bending. 

1. In troduct ion  
The successful combination of solid state diffusion 
bonding and superplastic forming in the fabrication of 
titanium sheet structures [1] has directed attention to 
the possibility of diffusion bonding aluminium-alloys 
[2~,]. The reported strengths of diffusion bonds 
between aluminium-alloys show a wide variation [3-5] 
depending on the basic bonding parameters (tem- 
perature, pressure, time, deformation) and on surface 
finish, surface coatings, bond interlayers and test piece 
design. The latter is particularly important since a test 
piece must provide meaningful strength data to enable 
the effect of the metallurgical variables on bond 
strength to be measured. 

Single unsupported overlap test pieces are often 
used to measure the strengths of diffusion bonds 
[2, 3, 6]. Stress analyses of similar adhesive bonded 
joints under tensile loads revealed large peel stresses at 
the ends of the bonded regions [7-12]. These joints 
failed by bending or under peel stresses and it was 
difficult to obtain shear failure in the adhesive [10]. 
Since minor design changes to produce double overlap 
or strapped joints lead to much lower peel stresses and 
higher joint efficiencies, the single overlap joint should 
not be used to carry high tensile loads in adhesive- 
bonded or diffusion-bonded structures [10, 11, 13]. 
However, for research or development and for quality 
control, such joints are easy to fabricate and are of low 
cost. 

Some preliminary tests on diffusion-bonded single 
overlap joints between aluminium-alloy sheet showed 
that minimum bending and reproducible shear 
strengths could be obtained with a jig that held the test 
piece rigid during testing [14]. Further tests have been 
carried out to measure the effect of overlap length and 
out-of-plane stresses on bond strength. The results 
obtained are described in this paper. 

2. Experimental techniques 
2.1. Material and ion-plating technique 
The sheet had a composition A1-6% Zn-2.3% Mg-  
1.7% Cuq3.11% Zr (7010) and was heat treated to 
X 166~T7651° The 3.2 mm thick sheet was clad on each 
surface with AI-1% Zn to a thickness of 4% of the 
sheet thickness. The areas to be bonded were polished 
to 1 #m diamond finish, ultrasonically cleaned in 
acetone and dried in alcohol. 

Silver coating was carried out in a Nordiko plant 
using prior r°f. sputter cleaning followed by d.c. mag- 
netron sputtering of silver. The coating thickness was 
measured by X-ray fluorescence analysis of a control 
specimen. The coating and analysis methods are des- 
cribed in detail elsewhere [15]. The silver coatings were 

1 #m thick. 

2.2. Overlap test pieces 
Two types of single overlap test pieces were used. For 
Type 1 test pieces blanks were 37 mm long x 25 mm 
wide with two pin holes in each blank. The overlap 
length, L, was in the range 2 to 9 ram. The test piece 
is shown in Fig. l a and a vertical section through a 
bonded test piece is shown in Fig. lb. Two sections 
were cut from the test piece at A and B in Fig. la for 
rnetallographic examination. For Type 2 test pieces, 
blanks were 100 mm long × 18 mm wide with a single 
hole in each blank. The overlap length, L, was in the 
range 1 to 39mm. A thicker Type 2 test piece was 
made by diffusion bonding on to the sheet surface 3 
additional sheets. These sheets were not polished prior 
to silver coating; the test piece is shown in Fig. 2. 
A double overlap test piece was made using three 
Type 2 blanks. The centre blank was polished to 
1 #m diamond finish on both faces prior to silver 
coating. 
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Figure 1 (a) Type 1 single overlap test piece; (b) vertical section through Type 2 bonded test piece. 

2.3. Bond interfaces 
Three bond interface geometries were investigated as 
shown in Fig. 3. For Type (a) interfaces, an overlap 
length, L, on each blank was coated with silver, for 
Type (b) interfaces, a 5 mm overlap length was left 
uncoated at the end of each blank, and in Type (c), 
interfaces a machined step 0.2 to 0.4 mm in height with 
a length L was machined 5 mm from the end of each 
blank and the whole blank surface was coated with 
silver. In the bond area of Type (c) interfaces, only the 
length L had cladding below the coating. 

2.4. Diffusion bonding and heat-treatment 
conditions 

Diffusion bonding was carried out either in argon at 
280°C and 120MPa pressure or in a vacuum of 
6 x 10 -4 torr at 450°C and 7 MPa pressure for total 
times at temperatures of ½ and 1 h, respectively. The 
deformation across the bond was 10 to 14%. The 
bonded specimens were solution heat treated for 16 h 
at 480 ° C and cold-water quenched; the ageing treat- 
ment was 24h at 120°C followed by 10h at 172°C. 
The silver layer dissolved in the aluminium during 
heat treatment [15]. 

2.5. Testing technique 
The single overlap test piece tended to bend under 
load. Tests were carried out with restraint against 
out-of-plane bending, and without restraint (Type 2 
test pieces only). Three methods were used to modify 
the local bending. For short Type 1 test pieces a shear 

test jig was designed to hold the test piece rigid during 
the test [14]. The jig is shown in Fig. 4; the bond was 
subjected to a tensile shear stress by a compressive 
load applied to the outer sleeve. Some Type 2 test 
pieces were restrained mechanically by loosely clamped 
plates on the sheet faces as shown schematically in 
Fig. 5. The loading method for the thick test piece is 
shown in Fig. 6. 

The test pieces were loaded at 0.8 to 2mmmin  
crosshead speed. The net shear stress at failure was 
calculated by dividing the maximum load by the 
bonded area determined after fracture. The bonded 
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Figure 2 Thick type 2 test piece. 
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Figure 3 Diffusion bond interface geometries. 
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Figure 4 Shear test jig for Type 1 test pieces. 

overlap length was measured in sections and on the 
fracture surface. The tensile properties of the clad 
7010 alloy are given in Table I. 

3. Results 
3.1. Microstructure of diffusion-bonded 

j o i n t s  
In the bonded Type l(a) test pieces the sheet surface 
above and below the bond remained parallel to the 
original sheet plane as shown at A in Fig. lb. How- 
ever, after etching the bond interface appeared inclined 
to the sheet plane (at A in Fig. 7a) and the sheet 
deformation was much greater at the ends of the sheet 
(at B in Fig. 7a). The inclined interfaces at the ends of 
the bond are shown at higher magnification in Fig. 8a 
and schematically in Fig. 8b; after bonding a crack was 
always present in the bond region B-C and reproduc- 
ible bonds were only obtained in region A. 

With very small overlap lengths (~  1 ram) the bond 
interface became inclined about 30 ° to the sheet plane 
and was associated with severe local shear in the alloy 
during bonding (Fig. 9). This deformation caused 
secondary recrystallization in the alloy (at A in Fig. 9). 

In Type (a) interfaces the bond interface inclination 
increased with increase in bonding temperature. To 
avoid the increased peel stress component associated 
with Type (a) interfaces, Type (b) and (c) interfaces 

T A B L E  I Tensile properties of clad 7010 sheet 

Conditions 0.2% proof Tensile Elongation 
stress strength (%) 
(MPa) (MPa) 

As-received 486 540 11 
SHT (16h at 480 ° C) 322 503 15 
SHT + age for 24h at 483 536 8 
120°C + 10h at 172°C 

(Fig. 3) were introduced. Sections through these inter- 
faces, shown in Figs 7b and c, showed that the inter- 
face planes at A remained parallel to the sheet plane 
and large interface curvatures at the ends of the bonds, 
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Figure 6 Loading of thick Type 2 test piece. 

characteristic of Type (a) interfaces, were avoided. 
The step at the ends of the Type (c) bond gave rise to 
a cavity as shown at A in Fig. 10. A disadvantage of 
Type b and c interfaces was the need to align the 
blanks carefully during bonding to avoid the mis- 
match at the ends of the bond as shown at B in 
Fig. 10. 

3.2. Strength of short (Type 1 ) overlap test 
pieces restrained in jig 

The effect of overlap length, L, on the shear stress and 
load at fracture is shown in Fig. 11 for material in the 

solution heat treated (SHT) and SHT and aged state. 
The stress decreased and the load increased with 
increasing L. The relationship between the net shear 
stress and L was approximately linear up to L ~ 6 mm 
with a slope of about 13.5MPamm -1. All the test 
pieces fractured in the bond region. The strengths 
were the same for Type (a) and (b) interfaces and there 
was no significant effect of ageing or of bonding tem- 
perature. The overlap length, L, is apparent in the 
fractures at A in Fig. 12a. The restraint imposed by 
the jig prevented any significant out-of-plane bending 
of the test pieces (Fig. 12b). 

3.3. The strength of long (Type 2) overlap 
test pieces in the unrestrained state 

All these test pieces were bonded at 450 ° C and 7 MPa 
pressure. In the SHT state the stress decreased and the 
load increased with increase in L as shown in Fig. 13. 
There was no significant difference in the behaviour of 
(b) and (c) type interfaces. The test pieces with over- 
laps of about 3, 4, 7 and 9 mm are shown after fracture 
in Fig. 14. For L = 3 to 4ram there was little bending 
of the test pieces, but for L > 4 mm significant bend- 
ing occurred (Fig. 14b). Further evidence of the 
increased bending with increasing overlap was 
provided by the load against time curves shown in 
Fig. 15. For L = 3 mm fracture occurred at maxi- 
mum load, but for L = 7 to 39 mm there were periods 
when the load remained almost constant. During 
these periods the crack grew progressively along the 
bond region under predominantly peel stresses. The 
relationship between L and the duration of the peel 
period is shown in Fig. 16 and indicates that signifi- 
cant peel began above about L = 4 ram. Thus the 
change in slope of the stress and load curves with 
increasing L in Fig. 13 corresponds to a change from 
shear to peel fracture. 

Ageing had no effect on the shear stress or load 
when L = 4ram but for L > 4ram both load and 
stress were reduced by ageing and became almost 
independent of L (Fig. 13). All the aged test pieces 
fractured at maximum load. 

3.4. The strength of long (Type 2) overlap 
test pieces under restraint 

Test pieces in the SHT condition were restrained 
during testing by longitudinal face plates held by 
lightly loaded damps as shown in Fig. 5. The failure 

Figure 7 Vertical sections of bond interfaces: (a) type (a), (b) Type 
(b), (c) Type (c). 
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Figure 8 (a) Inclined interface at end of Type 1 diffusion 
bonds with Type (a) interface. (b) Schematic diagram of 
Type 1 (a) diffusion bond. 
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stress and maximum load in this test are compared 
with the corresponding values for an unrestrained test 
piece with the same overlap in Fig. 17. Both stress and 
load were higher for the restrained test piece and in 
good agreement with the corresponding values for a 
Type 1 test piece restrained in the jig (Fig. 11). The 
reduction in bending produced by the restraint is 
apparent in Fig. 18. 

An attempt was made to increase the sheet thickness 
by bonding on three additional sheets as shown in 
Fig. 2. The failure load and stress are plotted in 
Fig. 17 and the fractured test piece is shown in Fig. 19. 
Failure occurred by delamination of the attached 
sheets at X which enabled the bond under test to peel 
at A and B. The residual unbroken bond is shown at 
C. The stress and load obtained were in good agree- 
ment with the values for an unrestrained test piece 
(Fig. 17). 

3.5. Strength of doub le  overlap test  p ieces  
The stress and load against L curves are shown in 
Fig. 20. For L ~< 6ram failure occurred by shear 
through the bond; for L ~> 18 mm failure occurred 
away from the bond by tensile fracture of the central 
sheet. For L = 5 mm the failure load for the double 
overlap test piece (9.1 kN) was 1.6 times greater than 
the equivalent unrestrained single overlap (5.7kN, 
Fig. 13) and about 1.2 times greater than the equiv- 
alent restrained single overlap test piece (8kN, 
Fig. 11). Test pieces which fractured in the parent 
metal are shown in Fig. 21. There was little fracture in 
the bond in spite of the crack-like notch developed at 
the ends of the bond at A in Fig. 21, this region was 
the non-bonded part of the Type (b) interface as 
shown in the insert to Fig. 20. 

3.6. Diffusion bond f ractures 
The appearance of the fractures depended upon the 

Figure 9 Typical microstructure of small overlap (L ~ 1 mm) 
diffusion bond in Supral 220 aluminium alloy. 

Figure 10 Microstructure of Type 2 single overlap diffusion bond 
with Type (c) interface. 
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Figure 11 Effect of overlap L on the failure load and stress for Type 1 single overlap diffusion bonds. Bonding conditions: (A, v, III, o) stress, 
(zx, v, n, o) load; 280 ° C, 120 MPa, restrained, SHT (zx, A) Type l(a), (,7, v) Type l(b); Aged (D, m) Type l(a), 450 ° C, 7 MPa, restrained, 
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Figure 12 Type 1 single overlap diffusion bonds after fracture. (a) Fracture faces, (b) Edge view of test pieces. (1)  L = 2 m m ,  (2)  L = 4.5 mm, 
(3) L = 6.3 m m, Type (b) interfaces, (4) L = 8.8 mm, Type (a) interface. 
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Figure 13 Effect of overlap L on the failure load and stress for Type 2 single overlap diffusion bonds tested in unrestrained state. Bonding 
conditions: 450 ° C, 7 MPa, unrestrained. (121, O, zx, v) load, ( I ,  o, zx, v) stress. SHT (rn R) Type 2(b); (o, o) Type 2(c), ground ends; 
(A, A) Type 2(c), machined ends; Aged (,7, v) Type 2(c), machined ends. 

heat treatment. For material in the SHT state there 
was clear evidence of shear and ductile fracture of the 
cladding with shear areas at A and ductile fracture 
cusps on steps at B in Fig. 22. The smooth areas 
decreased and the area of ductile cusps increased as L 
increased and peel fracture occurred. Much smoother 
fractures were obtained after ageing as shown in 
Fig. 23 and the deformation tended to be confined to 
a narrow region near the bond interface. 

4. Discussion 
The results have shown that for solution heat treated 
material the strengths of single overlap test pieces were 
very sensitive to the bonded overlap length and to the 
out-of-plane stresses. Analogous behaviour was found 
in adhesive bonded metal joints for which the stress 
distribution is well documented [8, 10, 13]. The appar- 

ent reduction in bond shear strength and increase in 
load to fracture with increasing overlap length are 
characteristic features of this type of test piece and are 
caused by the stress concentration at the ends of the 
bonded sheets and by the asymmetry of the loading 
path. 

4.1. Effect of bending restraint on the 
measured strength 

The shear test jig (Fig. 4) reduced the bending of type 
1 test pieces and produced the highest bond shear 
strengths for L < 6ram (Fig. 11). The maximum 
shear strength obtained of ~ 200 MPa is greater than 
the values reported for sheet roll bonded with 6061 
Al-alloy interlayers which produced 147 MPa (2024- 
T62 Al-alloy) and 142MPa (7075-T6 Al-alloy) [16] 
and comparable with the value of 206 MPa reported 

Figure 14 Type 2 single overlap diffusion bonds after fracture in the unrestrained state. (a) Fracture faces, (b) Edge view of test pieces. 
(1) L = 3ram, Type (b) interface, (2) L = 4.1 ram, (3) L = 6.Smm, (4) L = 8.9ram, Type (c) interfaces. 
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Figure 15 Effect of overlap L on load-time curves for Type 2 single overlap diffusion bonds tested in unrestrained state. 

for 7475 sheet bonded with 5052 Al-alloy interlayers 
[3]. These strengths are 3 to 5 times greater than 
adhesive-bond shear strengths [2, 16, 17]. 

A similar high shear strength was obtained by lightly 
clamping face plates on the test piece during testing 
(Fig. 17). Without these restraints the test pieces frac- 
tured primarily under peel rather than shear stresses. 
Since the onset of peel prevents high shear stresses 
being attained, the true shear strength of diffusion 
bonds cannot be measured with unrestrained overlap 
test pieces. 

The failure loads for restrained and unrestrained 
test pieces are compared in Fig. 24. Diffusion bonds in 
the present work were made between clad sheet and 
the bond shear strength was limited to the shear 
strength of the clad layer (the silver layer was removed 
during SHT [15, 17]). The loads measured were greater 

than the values predicted for failure in the A1 1% Zn 
clad layer (Fig. 24). This is consistent with the increase 
in hardness of the clad layer due to diffusion of alloy- 
ing elements into the cladding [15, 17]. 

The constant failure load obtained with increase in 
L for the aged material (Fig. 13) suggests that in this 
state the bond is sensitive to peel stresses. A reduction 
in the peel strength was found after ageing [2] and 
satisfactory peel data could not be obtained for roll- 
bonded joints in the T6-temper [16]. 

4.2. Single overlap test pieces 
A machined overlap test piece has been used to 
evaluate adhesive [7] and diffusion bonds [3, 16]. In the 
latter the test piece was produced by machining, a 
flat-bottomed groove on opposite faces to a depth, t, 
in the overlap region, with a distance, L, between the 

10 

3O 

E 
E 

" , 4  

2O 

Q 

1604 

[ I , ,  i 

100 200 300 

Duration of peel fracture {sec) 

15 

I 

4OO 

Figure 16 Relationship between overlap L and the 
duration of peel during testing of unrestrained Type 
2 diffusion bonds. Bonding conditions: 450°C, 
7 MPa, SHT, Types 2(b) and (c), unrestrained. 
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grooves. This test piece has the advantages that it can 
be produced from bonded panels with accurate over- 
lap lengths, the non-planer bond regions are removed 
and the test piece is reproducible. Its disadvantages 
are that it involves a machining operation, the grooves 
must coincide with the bond line and large bending 
moments [7] cause bending of unrestrained test pieces 
[3]. 

In the double overlap test piece the bending moments 
are smaller but not eliminated [7], two bonds are 
tested simultaneously and the test piece is expensive to 
produce. 

It would be difficult to machine grooves in metal 
matrix composites [13] and simple overlap or more 
complex joints are preferred for these materials [6, t 3]. 
A single overlap test piece has been recommended for 
brazed joints [18, 19] and was used to evaluate soldered 
joints [20]. The Type I test piece, like all single overlap 
test pieces, has low material and fabrication costs and 
when tested in the shear jig, it provided reliable quan- 
titative data [14], but special precautions are needed to 
avoid non-planar bonds and cracks at the ends of the 

bonded region, although these features did not affect 
bond strengths in the present tests. It is therefore 
concluded that the machined overlap test piece or the 
Type 1 test piece are suitable for measuring bond 
strengths provided the test procedure recommended in 
Section 4.3 is followed. 

4.3.  C o m p a r a t i v e  s t r e n g t h  da ta  
Adhesive and brazed metal bonded joint strengths 
have been compared with the tensile strength of  the 
adherend using the joint efficiency term (JE) [6, 10, I 1] 
where JE = P × 100/aA, P is the maximum load at 
fracture for the joint, and a and A are the tensile 
strength and cross-sectional area of  the adherend, 
respectively. 

For  single overlap test pieces, JE values of 43% 
were obtained for brazed joints between I mm thick 
AI-B composites (L = 12.Tmm, L/t = 12.7) [6]. For  
similar joints in adhesive bonded 1.28ram thick 
7075-T6 sheet, JE values varied from 32% (L = 
3.9mm, L/t = 5) to 68% (L = 38ram. Lit = 30) 
[10]. Since in the present tests ~rA was a constant JE 

Figure 18 Restrained and unrestrained Type 2 single overlap diffusion bonds after fracture. (a) Edge view of test pieces, (b) Fracture faces. 
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Figure 19 Edge view of thick Type 2 single overlap diffusion-bonded 
test piece after fracture. 

was proportional to P and increased with increase in 
overlap (Fig. 24). At the maximum overlap used for 
the Type 1 joint (L -- 9mm, Li t  = 2.8) the load was 
still increasing at P -- 11 kN (Fig. 11); since ~ = 
503 MPa (Table I) and A = 10 x 3.2 x 10-6m 2 the 
joint efficiency reached 68%. For unrestrained test 
pieces (Fig. 13) this joint efficiency was not reached 
until L --- 38ram (L/ t  ,,~ 12). A joint efficiency of 

100%, i.e. parent metal failure was obtained for 
double overlap test pieces (Fig. 20) with L > 18 mm 
(Li t  = 5.6). Clearly J E  can be used to compare joint 
strengths but is not a satisfactory parameter for com- 
paring bond quality or bond shear strength since it does 
not require bond fracture and when bond fracture 
does occur, J E  increases with increasing peel stress. 

A more meaningful measure of these bond proper- 
ties is obtained by measuring the bond shear ratio 
RB = %/Zp = (PB/PP) where % and Zp are the shear 
strengths of the bond and parent metal, respectively, 
and PB and Pp are the corresponding failure loads 
under shear conditions. In Fig. 24 for L < 5ram 
fracture occurred in the restrained bonds primarily in 
shear and the curves indicate the PB values; these can 

be compared with the predicted failure loads for the 
parent metal in shear (Pp). Unlike J E  values, RR values 
decreased with increasing L, e.g. in Fig. 11 for L = 
2mm, JE  ~ 24%andRB = 67% a n d f o r L  = 4mm, 
J E  = 44% and RB ,~ 57%. 

Although the R~ ratio has the advantage that it is 
directly related to the shear strength of the bond, 
comparisons must be made with identical test pieces 
pulled under minimum bending conditions as in the 
Type 1 tests. Using this test piece, an approximately 
linear relationship was obtained between % and L in 
the overlap range 2 to 6 mm (Fig. 11); the slope of the 
curve was 13.5MPamm -j overlap bonded. For 
% = 160 MPa an error of 1 mm in overlap would give 
rise to ~ 8% difference in z8 and ~ 4% difference in 
RB. In practice it is difficult to control the overlap to 
within 1 mm [2, 16] and this contributes to the large 
scatter reported in shear strength data. 

To reduce this scatter and to enable the factors 
affecting the bond shear strength to be quantified the 
following procedure is recommended. Firstly an 
accurate measure of the bonded area and overlap 
length should be obtained from the fracture surface; 
this will provide accurate stress and L values. Secondly 

against L curves should be determined for each bond 
variable using Li t  ~ 0.6, 1.2 and 1.8 where t is the 
thickness. These data will enable reliable RB values to 
be obtained for a given L in this range. This procedure 
could also be applied to brazed joints for which the 
multiplicity of joint designs has led to confusing data 
[18, 19]. Although to optimize joint geometries the 
designer may still make use of J E  values, with increas- 
ing process control and reproducibility the trend will 
be towards a fracture mechanics approach to measur- 
ing the strength of diffusion-bonded joints. 

5. C o n c l u s i o n s  
1. The measured strength of diffusion-bonded over- 

lap joints between silver-coated clad 7010 alloy sheet 
with thickness t = 3.2 ram, decreased with increase in 
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Figure 21 Parent metal fractures in double overlap Type 2 diffusion- 
bonded test pieces. 

overlap length (L) and the strength was lower for 
unrestrained test pieces. 

2. The failure load increased with increase in L for 
solution heated material but was independent of L for 
aged material. The different behaviour was attributed 
to the greater peel stress sensitivity of the aged 
diffusion bond. 

3. For  unrestrained test pieces with overlap greater 
than about 4 mm ( L / t =  1.25) peel fracture replaced 
shear fracture as the dominant deformation mode. 
This transition in fracture mode occurred at ~ 6 mm 
overlap (Lit = 1.9) for constrained test pieces. 

4. Errors in overlap length and area measurement 
or excessive bending and high peel stresses lead to 
inaccurate bond shear strengths and greater scatter. 

5. The following procedure for obtaining reliable 
shear strengths for diffusion bonds between aluminium- 
alloys is recommended: (a) a shear test jig should be 
used to minimize bending of Type 1 or machined 
overlap test pieces; (b) the bonded area and overlap 
length, L, should be measured on fracture surfaces to 
obtain accurate L and stress values; (c) tests should be 
carried out with Lit  in the range 0.6 to 1.8 to enable 
% - L  curves to be plotted; and (d) the bond strength 
should be compared in terms of the shear strength 
ratio RB = rB/rp, where % and % are the shear 
strengths of the bond and parent metal, respectively. 
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Figure 22 Scanning electron micrographs of fracture surfaces of diffusion bonds tested in the SHT condition. 

Figure 23 Scanning electron micrographs of fracture surfaces of diffusion bonds tested in the SHT and aged condition. 
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Figure 24 Comparison of failure 
loads for restrained and unre- 
strained test pieces, with values 
calculated for cladding and 
parent alloys. SHT. Bonding con- 
ditions: (O) 280°C, 120MPa, 
restrained; (zx) 450°C, 7MPa, 
restrained; (A) 450 °C, 7MPa, 
unrestrained. 
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