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Motnllurgical Examinetion
of 1/2" Countersunk Rivets
Purpose
The purpose of this investigation was to study thedmetallurgioal
. 0, N

characteristics of 1/2" SAE 2330 countersunk rivets (60° and 90°)
which had been employed in the assembly of en experimental riveted
section and tested ballisticelly at Aberdeen Proving Ground to
determine the characteristice of the riveted joint under the impact

of armor piercing nrojectiles. N ~

Introduction

In reference to correspondence 9,0. 451,25/9293, A.P.G.W51,21/162-156
2nd Ind. dated October 4, 1940, and W.A, ¥470.5/2421, 470.5/712 lst Ind.
dated November 13, 1940, riveted test plate Ho. 3 was submitted for
metallurgical analysis. This plate was made up of an 18"x18"x1/2"
face-hardened armor plate riveted to an 18"x187x1/U" goft steel back
plate with ten half-inch rivets with 90° countersunk heads in fromt,
end fifteen half-inch rivets with 60° coumntersunk heads in front,
Both sets of rivets had straight shanks and standard button points
on the buck, The rivets in this section were fractured and the button

g

A.P. M1922, Cal. .50 A.P. M1, 37 mm. A.P, M51, and 37 ma. A.P. K39

' points dislodged under the lmpact of caliber .30 AP, M2, Cal, .30 Ve

o




projsctiles.

Goaclusions
1, Failure of tho rivets in tho sestion under the imperet of
ermor plercing projectilen may be attriduted to:

a. Axcessive bardness resulting from the relstively high
carbon content (0.3L5) in ovujunction with the nickel alloy acntent.
(tee Figure 7.)

b. The nbsence of filleting et the junction of ths shenks
and Mutton points of the rivets producing streea concentrations,

(See Figure 1.)

“ont Procedare and Haterials

Tent plate Ho. 3 was made ﬁp of mn 18°x18%x1/2" fece-hordened
aroor plete riveted to pn 18%x18"x)L/WY eoft iron bnck plate with
25 hnlf-iach riveto - tex rivets of the 90° cruntersunk type and
fiftoan rivets of thae 60° countermnk type. The rivets wore arcenged
in five rovs of {ive rivets eech. Tho ten 90° acuntersunk rivets
vere placed in two vertienl rows at the left of the pinste, the fifteen
60° countarsunk rivets were placed in three vertiocal rows to the right.
The rivets were evenly spaced on 3” centers. (See Figure L., ALl
rivets wvere nade of SAZ 2330 nickel steol ntock,

Plate lo. 3 was tested Lallistionlly on Septemher 27, 1940 at
Aberdsen Proving Ground and then sent to Watortown Arsenal for metal-

lurgical enalysin,
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Bosults
Tae individunl rivets sro mumbered, starting at the hottom end
to the left as rivet o, 1 and counting to the top. Sfigure 2 shows
the front of the riveted waction and Figure 3 the remr after the
ballistic tesbe,

1. BRallistic Tesnt

1he results of the balliastic teat are given in Table 1.
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Speoificetion SAEG 2350  W5/.%5  0.60/0.90 3.25/3.75

ilvet s13 o34 .61 3.62

Rivets &3 and #4 i .70 3.50

sy analyses indicate thay tho rivet material was of
a8 2330 grade and not SAR 2390 az suppossd.

3. dicroeenpic Ixaminntion

The following rivets were examined: #3 ead #4, 90° countersunk
heeda, 2nd #13,#6, end #22, €0° countersunk hende, Both rivets ¢3 end
#% were fraciured nt the junotion of the countersunk head znd the shanlk,
while rivet 716 wne fractured at the junction of the button point and
the shaak, 3Hivete 413 and 722 were not fractured. Ko cracks vera
found ir sny of the rivets other thon the fraoctured surfaces, snd no
lops or seame were found under the button points of the rivets exsmined.
No allowancs wns made for the formntion of adequate fillets under the
button points snd consequently sherp corners were formed which wers
nade wore dungerous from the standpoint of stress congentration by
surfece grain boundary oxidntion resalting from heating the rivete
prior to driviang snd also by numerous sfreain lines in the vicinity of
the gorners, (Gee Flgures la end Wb, X100.)

All rivets exemined showed marked variastions in grain sige.

(S8e Teble I1,)
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TABLE z i

hoB.7.H, Orain 8ize

Logation Rivet No, 3 Jo. 4 ¥Ho. 13 ¥Wo. 16 Ea., 22
Countersmak fead - - by b 4
Thenlt b 45 3 3=l 3=l
Cuter Zona - 3utton Point a3 2 1 - 2
Inner Zone - Button Polat 4 [ 1-8 - 7-8

Figures %2 and 5b, X3, illustzrate the variation inr graln size
over the crose~section of the rivets, end eleo the lugk of proper fillets
uader the button points, The microstructure is decidedly martensitic,
Figure 6, X250, shown the relatively coarse martensitic structure of
the shank of rivet #13, 7“his martensitic condition is typical of all
the rivets exemined,

4. Rockwell lerdnese Tenots

Hardness curveys wore made along the aross-sactions of the
five rivets zstudied using the Superficlal Jockwell Hardnese Tester
vith a 30 kg, load and the N-Brale pmstrator, and converting the re-
sults to their corresponding Rockwell C values, Tigura 7 showvs that

the hordnesrs of the rivets voried from 49 to 56 RNookwell O,

Mmouneien
In spite of tho faot that the rivet stock was wach helow the
egpecification for carbon contont, the rivets ware drittle because of
the high bardness resulting from the chilling induged by the plate

netal surrcunding the rivet as it wac being driven, A aardon content

" =

i
AN




of 0.345 In conjunction with the nickel content is too high for
setiofnotory duotility under the cooling conditions prosent,

To vrevide for matisfactory shoek renistence, some provialon,
cueh e, countersinking the rivet boles in the back plate should be
zrae o0 nllow for generous filletlug st the Junotion of the ehonk cand
tro button yoint, In thic cennsclion referamee should be unde to the
bBemerondws Beport Voa.o TR0/273 entitled "0old Hesding vereus Hot Keading
and Rivet Jorign", dnted July €, 1941, i whieh 1% wos recommended thmt
all rivsate aasd Lo nemor febrieation Ba provided vith sengrous fillela,

Resnactfully suhnitted,
‘f:\ e p /- B

E. L. Reaé,
Research Metallurgiet,

il

i, darlian,
Jr. Metmllurglet.

APPROVED:

g, B, Bitehie,
Lt, Col,, Ord. Dept.,
Director of Laboratory.
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WATERTOWN ARSENAL
3/4" Riveted Armor Plate
April 3,1941  W.A.710-1116
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WATERTOWN ARSENAL
3/4" Riveted Armor Plate
April 3,1941 WA, 7T10-1117
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(n)

(v)

Figura b

ieroatructure of Rivatsn

Junction of ehank nnd rivet heed of rivet i ehowing
sboence »f adeguete fillet.

X100 KA-3359

Junction of enank and rivet hend of rivet ¢#22 showing
ebsence of adequate fillet. Urain boundary oxidation
at rivet surface intensifloe poor stress resisting
qualities in this ares.

100 HA~3353




a

F/‘j vre 4-

Mickosrevcroee oF KIVETS

Specimaons efched with Vilelfa's reagenl

TP

W.A.B30-3633




(v)

FPigore 5

yacroatructure of Rivetn

Zivat 20, ahgwing veristion in ;rain sige over the croee-
section of the -ivet. MNoto sharp corners at Junction of
shapk 2nd mtton voint cinsed by lagk of allowance for
cdequnte Iillets.

X3 Hie3356

Rivet ¢3~1, =~ The variation in grain elczs over the crose-
seotion of tae rived is typical o all sivets wsvudicd. fThae
outor zone ol the button polint is very coarse grained, the
inner zocro of tnhe cutton point is very Iine grained, waily
the shank eand the countereunk heed are mediun cearse to
negiwe fine grained.

a3 Ha-3360
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Maceosrevcroee oF LIVETS

SPecimcns etched with Vilella's rea,jenf‘.

i\

W.A.C39-3634
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Figure 6

Wicrostructure of Hiveta

Rivet 71}

Hediun coarse martensitio struoture in shank of rivet #13.
This marteasitic atrusture is typlcal of the microstructure of
all rivete exanmined.

X250 o= 3357




F/B vre 6,

MicroSrevcrees oF R £ s

Slpecimen etched with Vileda's /erem‘.'

WA, 659-3635
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