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Report So. 710/395 
Water town Arqeaal .^.§'«^^ 

*J' 

/ s Kovcabwr U, 19U1 

Hetallurgioal Exaaination 

of 1/2" OouaterBtmk Rivets 

Porpoas 

The purpose of this investigation was to study the Betallurgioal 
■i'-o,- ^ 

oharaoterlsties of l/g- SAB 2330 ootmtersank rivets (60° and SO0) 

which had been employed in the aeseably of an experimental riveted 

section and tested ballistically at Aberdeen Proving Ground to 

determine the characteristics of the riveted Joint under the impact 

of armor piercing nrojectiles. v       ^ " 

Introduction 

In reference to correspondence 0.0.  ^l.25/9293, A.P.0.451.2l/l62-156 

2nd Ind. dated October U,  19U0, and W.A. 470.5/21*21,  U70.5/712 Ist Ind. 

dated Hoveaber 13, 19^0» riveted test plate Ho. 3 w08 submitted for 

aetallurgioal analysis.    This plate was made up of en 18"xlS,,xl/2" 

face-hardened armor plate riveted to an lSHxlSnxl/UH  soft steel back 

plate with ten half-inch rivets with 90° countersunk heads in front, 

and fifteen half-inch rivets with 600 countersunk heads in front. 

Both sets of rivet« had straight shanks and standard button points 

on the back.    The rivets In this section were fractured and the button 

points dislodged under the impact of caliber .30 A.P. M2, Cal.  .30 

A.P. »922,  Cal.   .50 A.P. JO.,  37 ■«. A.P. M51, and 37 mn. A.P. K39 
< 
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Ooaoltialwijt 

I.    failure of UM rivets in tho oeotion under the lapaot of 

Rrssor piercing projectiles ma/ be attributed tot 

a.    £zoesHiTe hardness resulting fron the relatively high 

carbon content (ö.jjU^} in otujunction with the nickel alloy content. 

(See Figure J.) 

o.    fne absence of filleting at the Junction of the shanks 

and button points of the rivets produoing atrse* conoentrations. 

(See Figuro 1.) 

To at Procedure and HateritüLs 

Test plate Bo.  3 tms aade up of BO I8'xl6ftxl/Sn fece-hardsned 

aroor pints riveted to an IS^xlS^l/U" soft iron back plate with 

25 half-inch rivets - tea rivets of the 90° ccuntersank type and 

fiftoun rivets of the 60° countersunk type.    Tho rivets were arranged 

in five rows of five rivets each.    The tea 30° fjountersunk rivets 

vero placed in tvo vertionl rows at the loft of the pAate,  the fifteen 

60° countersunk rivets were placed in three vertical rows to the right. 

The rivets were evenly spaced on 3° canters.    (See figure 1.)   All 

rivets were aade of S43 2350 nickel steel stock. 

Plate Ko. 3 was tested balllatieaily on Septaaber 27, 19^0 at 

Aberdeen Proving around and then sent to vatertown Arsenal for metal- 

lurgical analysis. 
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The IndlTiöurd rivets ere nvubercrd, ttartlBf «it  the bot to« end 

to the left ne rivet Ho. 1 end oountins to the top.    Hgore 2 ehov« 

the front of the riveted «eotion end Figure 3 the reer after the 

bAlIintie Uota. 

1.    Bftlliatic teet 

The reaulta of the holliatio teet are eivea la fable I. 
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Chmilonl Aaalyala 

■ 

■ 

^ ..      »L 

^paoification a/.a 2350     .U5/.55    0.60/0.90    3.25/3.75 

Hlvet ^3 .31* .61 3.62 

Uivota O ond ^ .3U .70 3.50 

ihoRe) pnftlyaoa Indicate that tho rivet oaterlal was of 

iÄS 2330 ^rndo ond not HAS 2350 «rs snpjjoaed, 

j.    «■Udrotgopio ^Kxüaln&tloa 

The following rivets wore exaainedi    #3 m& #U, 90° countersunk 

he&da, end 113,^16, «nd #22,  60° countersunk heads.    Both rivets #3 ond 

tfU were fractured ut the Junction of the countersunk head end the shank, 

while rivet ?l6 wne frnctured at the Junction of the button point and 

the Bh&nU.    Hivete #13 and #22 were not fractured.   So cracks were 

found in any of the rivets other ttum the fractured sorfaces, end no 

Imn or esaxae vero found under the button points of the rivets examined. 

¥0 aliovaneo van sade for the forscntion of adeq[aate fillets under the 

button points end consequently sharp corners were forasd which were 

made More dtm^orous fron the etoadpoint of stress concentration by 

surfaoa grain boundary oxidation resulting froa heating the rivets 

prior to driving and also by muaerous strain lines in the vicinity of 

the corners,    (üee Figures h& end Üb, X100.} 

All rivets eaaained showed oarked variations in grain else. 

(See Sable Zl.) 
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TASuK ZI 

A.ß.g.H. QThin 31«< 

 ..|£Säil25        Rivet So. 3     ap.  ^    Ko, X^     lo. l6     Ke. gg 

Goxmteraxik Head - - luj U i| 

Ohaa}: ^ ^5 3 3.U 3-U 

Outar ione - Bat ton Point 3-3 «? I - 2 

Irmor ^oae - Batton Point 7 7 7-8 - 7-8 

Figorss 5B «ad 5b, Xj, illustrato tixo variation in grain «lae 

over the oro«f»t«ction of tho rivets, end also the look ot proper fillets 

under the button points,    the adorostructure is decidedly aartensitlo« 

Figure 6, X250,  shovs Us relatively coarse Bartensitie structure of 

the shank of rivet #13.    This sartensitio condition is typical of ell 

the rivets exeiaine<l. 

^    Hookirell Hardness Teets 

HardnesQ oorveya were saade along the cross«sections of the 

five rivets studied using the Superficial Rockwell Hardness ?estsr 

with a 30 kg. load and the H-Bralo penctrator. and converting the re- 

sults to their corresponding Rockvoll C values.    Tigore 7 shove that 

the hardness of the rivets varied froa U9 to ^6 Ilookwell 0. 

Bieeuasien 

In spite of tho fact that the rivet stock was auch below the 

specification for onrboa content, the rlveta were brittle because of 

the high hardness resulting fro» the chilling induced by the plate 

aetal eurroo^dlng the rivet as it was being driven.    A carbon content 
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of 0.5^ In conjunction with the nickel content la too hlßh for 

satisfiujtory duotillty under the cooling conditions preaent. 

To yrovld» for antlBfaotory ahook reni«tenoe, aocm proviaior,, 

ouch I«, uountfir sinking the rivet boI«s in the b&ok plßto should be 

cuj.ae to ßllow for generoue fllletloe »t th« Junction of the nhnnfr wad 

the hat'-on polr-t^    In thtis ccnr.ectloa refor«aiee riiould be ssnde to the 

M?«icrnr.duB. Rrpcrt V.A.. 71^/373 entitled "Oold He&dins verecte «ot He&dln« 

ond ?.ivtit ^eel^jB",  dnfeed Jxily 8, 19^1,1» which it wa« peeosweaded thnt 

edl rirot» aaed In nrnor fp.hrl«j«tlen be provided vlth «;«neroua flllefca. 

R^epeotfdlly «ixhultted, 

E. L. Reed, 
Heaearoh ko^nllurgist. 

j*, »lurlicU, 
Jr. Ketftllurgiet. 

8, 3. aitehie, 
ht. Col., Ord. Dept., 
Director of Labor&toiy. 
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Micro atraoture of Ri^ota 

(a}   Juao&ion of eh&ak «ad rivet head of rivet fU showing 
absenoo of Bdequato fillet. 

(b)    Juaction of enauk end rivet head of rivet t22 showing 
absenee of adequate fillet.   Oraln boundary oxidation 
at rivet surfaoe lateaaifio« poor streea resisting 
qualities in this area. 

xioo KAr3353 
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fi icnosT/cucTurea    OF    J^/VBrs 

X/oo 

Sp&o^cMs   e/vheJ   ujifU   Vf/e/Zo-'s  renye+it 



*ifflEÄ-S 

»aorostniotura of Rlvetg 

in)    Hlvnt ft?.,  alujwlnÄ ▼i^rltitlon In xrtiin sla« ov«r the aro 
station of tho ?lret.    note sharp corners nt Junction of 
vthaa'c And button vaint a,ims©d by look of allowance for 
adequate filiete. 

X3 HA-3356 

(h)    HiTet ^3-1.    -    Tite Variation in grain el;o ever the cross« 
BeoUoQ of tne rivet iß typical of all ^ivete studied.    Xde 
outer zone of the button point is very oonree erained, the 
inner tone of tno out ton point is very fine grained, «nil« 
the ebimk and the couatereank head ore aediua coarse to 
aeaiaffl fine grained. 

Äj HAr.3)60 
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Specimens   e+died   *JI%   Vi/e/k's    recent. w.A.e3»-3634 
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Miocotttnictura of Blvota 

Eivet tl} 

Hcdiua ooor«« ivurtaaiUio etruotur« in «honk of rivet #13. 
Tbi» narisasitlo atrootur« 1« typical of th« microutruoture of 
all rlTota ozanined. 

X2^0 >i^33iJ7 



Specimen    ef^ec/    toiti   //M/fa's    r-ezoeht 

K2S0 

W.A.639-3635 
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