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SUMMARY

An investigation was made to determine the tight-
ness, shear strength, tenslle strength, and life under
pulsating loads of hollow, hydraulically expanded
rivets. Two types of 178-T7 aluminum-alloy rivets
of 1/8-inch diameter - countersunk-head rivets with a -
2lis=T aluminum-alloy insert in the hollow shank and
modified~-roundhead rivets with no insert - were investi-
gated. The test results indicate that the countersunk-
head rivets, with inserts, had an average maximum load
in shear more than 150 percent greater than the average
maximum load for the modified~roundhsad rivets, which
had no inserts. The average yleld load for the
countersunk-head rivets, however, was only slightly
more than that for the modified-roundheed rivets. For
modified-roundhead rivets having bores of 0.085-inch
or of 0.100-inch diameter, there was no appreciable
difference due to bore diameter in either the yield
load or the maximum load in shear, or in the maximum
tensile load. In tension teats, both types of rivet
tended to fail by pulling the shank end of the rivet
through the sheet, if the hollow length of the rivet
protruded 0.116 inch or less beyond the sheets. In
the pulsating-load tests, the looseness of the rivets:
apparently induced relatively severe loading conditions.
As a result, the life of the joints was very short,

T0 cycles or less.

TNTRODUCTION-

A number of different types of blind rivet have
been developed for use in aircraft, Cne type for
which data have been lacking is the hydraulically ex-
panded rivet. An investigation was therefore conducted
at the NACA structures ressarch laboratory to determine
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the tightness, shear strength, tensile strength, and
1ife under pulsating loads of joints assembled with
this type of rivet. The results of this investigation
are presented herein.

RIVETS AND METHOD OF RIVETING

The rivets were furnished in two types, modified-
roundhead and 100° countersunk-head, as 1lllustrated in
figure 1, They were menufactured by drilling out solild
rivets to the desired depth and then rolling in the edges
of the drilled -hole at the head to reduce the size of the
opening. The depth a of the hole was 0.280 inch for
all rivets; the diameter b of the hole was 0.100 inch
for the flush rivets and for some of the modified-roundhead
rivets and 0.085 inch for the other modified-roundhead
rivetsa, A 2lis=T aluminum-alloy insert had been pressed
into the hole in each countersunk-head rivet before the
edge of the hole in the head was rolled in.

_ After prevaration by heat treatment, the rivets
were expanded in the rivet holes by use of the equipment
shown in figure 2. 0il was injected into the cavity in
the rivet from a chamber in the rivet-expanding gun
(fig. 2(a)), which had a hollow cone-pointed tip that
was held firmly against the dpening in the rivet head.
Compressed air at relatively low pressure in a separate
0il container:forced the oil through a valve into the
chamber. The valve, normally clcsed egainst the
pressure necessary to expand the rivet, was operated by
a button to allow the oil to enter thechamber and rivet.
The pressure that expanded the rivet was then created by
a piston forced into the chamber when the lever on the
side of the gun was pressed (fig. 2(Db)). The pressure
expanded the rivet to form a bulb on the shank end and
to fill the hole in the sheets.

TEST SPECIMENS

Each test specimen consisted of two sheets of
2LS-T aluminum alloy riveted together by 1lgE-inch-diame-
ter,hydraulically expanded rivets of 17S-T aluminum
alloy. Two rivets were used for each shear specimen
and each pulsating-load specimen and one rivet for each
tension specimen. The tinree types of specimen are shown in
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figure 3 and the dimensions are given in tables I to ITI.
The height of the rivet heads above the surface of the
sheet before expansion was varied by varying the depth
of countersink for the countersunk-head-rivet specimens.
This height hy (fig. 1) was measured with a dial gage
graduated in ten-thousandths of an inch, as described

in referonce 1,

Some of the rivets in the test specimens were
fractured during expansion, the fracture taking the form
of a single crack in the bulb parallel to the axis of
the rivet.

TEST PROCEDURE

Loads were applied to both shear and tension
specimens by means of a hydraulic testing machine ac-
curate to within one-half of 1 percent.

The shear specimens were loaded through Templin
grips. Two 18-vower microscopes with filar micrometers
were used to measure the relative displacement, in the
direction of loading, of the edges of the sheets opposite
the center of the riveted Jjoint. Both the displace-
ment under load and the permanent displacement remaining
after removal of load were msasured for successively
increasing loads until failure occurred.

The tension specimens were loaded in the special
fixtures shown in figure L. The small rods on each of
the fixtures pass through the holes in one of the sheets
of the test specimen and bear sagainst the other sheet,
pushing the sheets of 'the specimen apart. Only the
maximum load and the type of failure were recorded for
each tension test.

The pulsating-load specimens were tested in the
machine shown in figure 5. This machine produces on
the specimen a pulsating load composed of & mean load
equal to the weights hung from the lower end of the
specimen and an alternating load that results from the
vibration of the weights forced by a vibrator. The
alternating load is assumed to vary harmonically in the
case of tight joints and is determined from the weights
hung from the specimen and the amplitude and frequency
of vibration. In case the rivets do not grip the joined
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sheets tightly, the alternating load does not vary
harmonically and cannot be determined with the
available equipment.

A1l specimsns were tested at approximately the
same frequency of vibration, 2700 cycles per minute.
The mean load for the modified-roundhead rivet speclmens
was about 15 pounds per rivet and for the countersunk-
head-rivet specimens about 30 pounds per rivet.

RESULTS AND DISCUSSION

Shear tests.- The results of the shear tests are

presented in table T. All countersunk-head-rivet speci-
mens had load-displacement curves similar %to the one
shown in figure 6(a). These curves seem to indicate

that the ezpanding operation swslled the hollow shenk of
the rivet away {rom the insert, ceusing the hollow shank
to bear the load until 1t had deflected sufficiently to
maks contact with the insert. In each case, fallure

was by shear of the rivets on a plane just below the top
of* the Jnsert. The yield load was arbitrarily selected
as the load at which the permanent displacement 1is I per-
cent of the rivet diameter, and no variation of the yileld
load or of the maximum load was evident with variation

of Iy, (See fig. 6(c).)

Tn the case of the modified-roundhead rivets, for
which a typlcal load-displacement curve 1ls shown in fig-
ure h{b), failure was by shear of the rivets. Failure
was preceded by a partial collapse of the portion of the
hollow shank inside the sheets, observed to begin at a
load of 7% to 90 pounds per rivet. No significant
difference due to bore diasmeter was noted in either thel:
yield load or the maximum load for the modified-roundhead
rivets having bores of 0.085-inch or of 0.100-inch
dilameter.

The average maximum load for the countersunk-head
rivets with the 2L8-T aluminum-alloy inserts was more
than 150 nercent greater than the average maximum load
for the modified-roundhead rivets. The average yield
load for the countersunk-hesadé rivets, however, was on.y
slightly raised over that for the modified-roundhead
rivets without inserts.
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Tension tests.=- The results of the tension tests are
presented In table IT. Ten of the tension specimens
failed by constriction of the bulb formed on the end of
the shank during expansion, which allowed the rivet to
pull through the hole in the sheet. Four specimens
failed by tension of the hollow portion of the shank
and two specimens failed by a combination of both types
of failure.

The variation of maximum tensile load with hb

for the countersunk-head-rivet specimens is shown in
rigure 7. The decrease of maximum load with increasing
hy, 1is probably due to the decrease in the protruding
hollow length of the rivet. The data indicate that, for
protruding hollow lengths of 0,116 inch or less, the

bulb on the shan% end of the rivet tended to pull through
the sheet before the full tensile strength of the hollow
portion of the rivet shank was developed.

No significant difference due to the bore diameter
was noted In the maximum tensile load for the modified-
roundhead rivets with bores of 0.085-inch or of 0.100-inch
diameter.

Pulsating-load tests.- The results of the pulsating-
load tests are presented in table ITT. All specimens
failed by shear of the rivets before the machine had
reached full speed. Apparently the joints were
sufficiently loose, as indicated by the large displace-
ments of similar joints under shear load, to induce
impact or other relatively severe loading conditions.

As a result, the life of the jolnts was 70 cycles or

lessgs,

CONCLUSIONS

The following conclusions concerning the 1/8-{nch-
diameter hydraulically expanded rivets may be drawn
from the results of the tests:

Shear tests:

(1) For two 0.081-inch-thick sheets of
248-T aluminum alloy assembled with two countersunk-
head hydraulically expanded rivets, no variation of
yield load or maximum load was evident with hy.
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(2) The average maximum load for the
countersunk-head rivets with the 248-T aluminum-alloy
inserts was more than 150 percent greater than the average
maximum load for the modified-roundhead rivets, which had
noe inserts. The average yield load for the countersunk-
head rivets was, however, only slightly greater than that
for the modified-roundhesad rivets.

(3) DNo significant difference due to the bore
diameter was noted in either the yield load or the
maximum load of modified-roundhead rivets having bores
of 0.085- or of 0.100~inch diameter.

Tensile tests:

(1) The data indicate that for protruding
hollow lengths of 0.116 inch or less, the bulb on the
shank of the rivet tended to pull through the sheet
before the full tensile strength of the hollow portion
of the shank was developed.

(2) No significant difference due to the bore
diameter was noted in the maximum tensile load for
modified-roundhead rivets having bores of 0.085-inch or
of 0.100~inch diameter.

Pulsating-load tests:

(1) In the pulsating-load tests, the looseness
of the rivets apnarently induced relatively severe loading
conditions. As a result, the life of the jolnts was very
short, (G .cyeless or . legda.

Langley Wemorial Aeronautlical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va.
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TABLE I.- DIMENSIONS AND STRENGTH OF SHEAR SPECIMENS

1
{é B ineh: & = 0.28 inen

L-293

Load per rivet, 1
Speci= t, in. 'hb, In.] At permanent displacement of iMexi*
men o s f mum
0.014{0.02d0.934 Da@helc by aud
(Tield losd)i
100° countersunk-hcad rivet; b = 0.100 irch
— i | y a i
s-1 | [=o.011l-26 | L8 -] 87 &2 (%234 |
g=2 1] -.0104 51 %7 80 67 315
s_F -.00Lt 0 50 &l 70 307
B e 000 L7 63 ¥ 67 320
g-5 | 20084 6961 o L7 | 62 63 211
s-é ! 5 15 13 w4 56 62 i 233
s-g | .022| 56 17 89 97 327
S~ ] 032 35 62 73 68 225
Aver- j ~ S
age J ~‘L gl i et i""‘"-' - 1.3 319:9
Modifled-roundhead rivets; b = 0.085 finch
: i rE
§-9 O] | v s 31, 18 55 61 1 2109
g-10 JOLOIT i e 26 Iy 50 cly ?aIOS
Lver- L
ag i i 1 e e icwand Gl il 575 L2075
Modified-roundhead rivet; b = 0.100 inch
e l A ; B ;
S-11 § 0.032] ------ 20 h2 58 8 “129
8-12 | .032| i-===w- 35 59 67 74 12l
S-1% 022 cmmeas 12 53 i 52 60 210l
Bl ] olal s 52 | 71 | 81 &7 2135
S-15 Nl ITo] BTSRRI 35 53 62 67 103.
Aver-
age | ==--- el EEE PR gy [, s T D 119.0

a . ’
One rivet fractured in expansion.
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TABLE II.- DIVENSIONS AND STRENGTH OF TENSILE SPECIMENS

{d = % inch; a = 0.28 inch
" i | il %
Protruding : !
I3 Lo : , Maximum | Type of
Specimen| t, in. hb, il Sate hollow load, 1b|failure

length, in.

1.00° countersunk-head rivet; b = 0.100 inch

7-1 | g, 0D &30 et (=)
T2 -.010 .128 158 (d)
T-7% -.00% 121 180 (d)
7=l GidaT ac, ioge 116 121 (c)
T-5 Sl 115 15% (o)
-6 ok .107 155 (c)
T-7 .015 .103 116 (c)
T-8 ‘ 035 083 9¢€ (c)
Modified-roundhead rivet; b = 0.085 inch
T-C 0.032 | <«==e=- 0.126 1% (c)
T-10 OL0 | ~evue- 210 148 (e)
T-11 sBUE A rmmii .110 28 (&)
Modified-roundhead rivet; b = 0.100 inch
T-12 0,052 || ~=a=—= 0.126 Sali7 (d)
T=-1% 032 | mmeme- .126 8131 (d)
7-1l 032 | —meme- 1l2h b1g (c)
T-19 OO | =emee- .110 138 (c)
T-16 o) ITo NN ISP w0 1%0 (c)
|

8rivet fractured in expansion.
Privet incompletely expanded.
CShank pulled through.

dTension failure of hollow

€combination in which shank pulled through and hollow
portion of shank failed in tension.

shank.
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TABLE ITIT.- DIMENSIONS AND NUMBER OF CYCLES REQUIRED

FOR FAILURE OF PULSATING~LOAD SPECIMENS

1 |
d - 3 inch: & = 0.28 inc?J

(

o |
o 5 . . 1 Gycles to
& Specimen ty, in. ’ tL’ 4z hb’ sbiglc '%éilure
A ! :
170° countersunk-head rivet; b = 0.100 inch
P-1 ) f -0.008 o)
P-2 L l -.006 20
P-3 _ .00 20
P_g | 0.06l 0.081 “ool %0
P-5 J .01% 70
p-b 01 30

Modifled-roundhead rivet; b = 0.085 inch

P-7 0.2,0 0.051 | exe-=- 10
P-8 .00 051 | eme-ae 20

Moalfied-roundhead rivet; b = 0.100 inch

7 i - 20

P-10 J ------ 20

-11 : I i peies (

5_12 > O.’)L[_O 0.0jl AL D 28

P—l? P s B 30

P-1l L ------ 20
y
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(b) Countersunk-head rivets.

Figure |.~Riveting procedure.
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(b) Tension specimen

Figure 3.~Test specimens.
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Figure 4. ~ Fixtures and specimen for
rivet tension tests.




4L-253

Figure S5.- Pulsating-load. machine.
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(a) Load -displacement curve for
csk-head -rivet specimen
S-4;t=Q08! in. , hp =0.000 in.

Displacement , in.

(b) Load-displacement curve
for roundhead -
specimen S-12, t=0.032 in.

rivet
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Height before expansion, hy,in.
(c) Variation of yield and maximum load with hy
of countersunk-head-rivet specimens , t=0.08l in.

Figure 6.~Typical load-displacement curves , yield

loads , and maximum

loads

d=g in,

of shear specimens ;
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