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EVALUATION OF JOINT STRENG ND PATIGUE PROPER

EVALUATION OF JOINT STRENGTH AND PATIGUE PROPERTIES OF
AM-356 AND TYPE 321 CRES STAINLESS STEEL SPLICE PLATES

OBJECT: .
To determine the ambient temperature ;tntic Joint strength

and fatigue properties of four combinations of two types of splice

plates with two hardnesses of Type 301 stainless steel sheet skin

materials,
4

The following jeint combinations were evdluated:

Joint Stainless Steel
Designation Splice Plate Skin Material
A AN-355 Type 301 (1/2 H)*
. B Type 321 CRES Type 301 (1/2 H)
c AN-355 Type 301 (EPH)’
D Type 321 CRES Type 301 (EMH)
CONCLUSIONS:

1, The combination of AM-355 splice plate with Type 301
(1/2 H) CRES sheet had approximately 10% higher tenaile strength
than the Type 321 CRES splice plate combination. Joint A tensile
strength was 149,000 PSI ve. 136,000 PSI for Joint B,

2. The combination of either AM-355 or Type 321 CRES splice
plates with Type 301 (EFH) stainless steel sheet yielded the
same results; i,e., approximately 195,000 PSI.

3. In fatigue testing, the AM-355 splice joints started
to leak slightly earlier than the Type 321 CRES when welded
to both hardnesses of Type 301 stainless steel sheeta. Hewvever,
the AM-356 had a longer fatigue life than the Type 321 CRES bafore
final failure occurred,

* 1/2 H « Half Hard
! EPFH « BExtra Full Hard

FORM NO. A-702-)
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J83T SPRCIMENS:

Standard 9-inch tensile coupons were machined of all the
joint materials, bdeth splice plates and skin materials.

The joint specimens were the standard pin-loaded, 38 ineh
long tensile specimens. Joints A and B vere made in aceordance
with Pigure 3. Joiuts C and D were fabricated in accordance
with Pigure 4, All joipt specimens were preductien welded at
Cenvair-Astrenautics.

PROCEDURE ;

All static<testing was done on the 200,000 pound Tinius
Oleen Universal Testing Machine. )

The 9-imech tensile coupons were tested to determine the
elengation and the yield and ultimate strengths of the jeint
materials. The materials were tested in both the longitudinal
and transverse grain directions.

The ultimate static strength of jeints A, B, C, and D
wal determined.

The rate of leading of all static testing was 0.00]1 inch
per inch per minute (strain) up to the yield strength and 0.2
ineh per minute (croll-ho.d travel) te failure.

The fatigue testing was dene with hydraulic rams, eyeling
the specimens appreximately 6 times per minute. Prier to cycling,
dye penetrant was applied to the welded joints. The welded joints
wvere visually inspected during lead cycling to determine the
oumber of cycles at wvhich the penetrant leaked throeugh a crack
in the weld. Lead cycling was then centinued until failure.
Joints A and B were cycled between § and 2,190 1b/inch of width
of specimen (A = 61,400 PSI, B = 62,400 PSI). Joints C and D
vere cycled between 0 and 1860 1b/inch of width of specimen
(C @ 83,600 PSI, D = 54,800 PSI),

BESULTS;
Jeint Materjals

The results of the static tests of the jeint materials are
shewn in Pigure 5. An attempt was made to obtain a yield strength
110,000 PSI., However, as a result of heat treatment, we received
a yield etrength varying from 60 to 90,000 PSI, We do not knew
what effect this would have on the final preperties of the joint
strength, ‘
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STATIC TEST OF JOINT SPECIMENS

The results of the statie testing of joint specimeps are
shown in Pigures 1, 6 and 7. Unifermity of results was very
good. Joints A and B had ultimate strengths of 149,000 and 136,000
pounds per square inch, respectively, Joints C and D exhibited
the same strength of 195,000 pounds per square inch.

T

One unusual feature was noted. Joint D failed at the seam
weld rather than the first rov of spots. The first row of espots
sheared without defermation to the skin or splice plate (FPigure 7).
The reason for this is net known,

g gl 2o - e i

; FATIGUE TEST OP WELDED JOINTS

The results of the fatigue iLesting are shown in Pigures §,
8 and 9,

o Joints A and B showed no cracking at lesg: than 1000 and 1300
cycles respectively, Craeking of joints C and D ocourred at net
less than 3000 and 3000 eycles respectively. The 321 CRES
joints have performed better than the AM-355 jeints when the
number of cycles to first leak are considered. The lead parameter
for the fatigue testing was pounds per inch of width of the specimen,
Thus minor variations in skin thickness (about 0.0005 inch) resul ted
i in slightly different stress levels to which the fatigue specimens
[ were cycled, The maximum stress levels have been calculated and

' tabulated below:

! Joint Inxiiu- Stress

Desjignation Pound[Sgn.ro Ineh
A 61,400
B 62,400
C 53,600
D 54,600

This variation does not appear to have influenced the test
results,

Two specimens of joint C were not cycled to failure because
no further useful information would be obtained (Figure 2),

Evidenee of atmospheric corrosion was noted on the AM-355
splice plates after one month's axposure to the atmesphere.

FORM NO. A-702-1
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ULTIMATE STATIC STRENGTH OF WELDED JOINTS

JOINT | SPLICE | SKIN MATERIAL ULTIMATE STRENGTH
PLATE POUNDS/SQUARE INCH

A AM 355 | 30! HALF HARD STAINLESS STEEL 149,000

148,000
149,000

150,000
151,000 _
AVERAGE /49000

B 321CRES] 30! HALF HARD STAINLESS STEEL | 35,000
135,000

136,000
134,000
138,000
() AVERAGE 136,000

C |AM 355 | 301 EXTRA FULL HARD STAINLESS 196,000
STEEL : 196,000
199,000"
192000
194,000 .
AVERAGE 195,000 f

7 D@ | 321CRES | 301EXTRAFULL HARD STAINLESS 196,000
STEEL , 199,000
197,000
194,000 H
190,000

AVERAGE 195,000

() LOAD RATE WAS 10 TIMES NORMAL, THEREFORE VALVE NOT INCLUDED IN AVERAGE. 1
1{2) THIS GROUP OF SPECIMENS FAILED AT THE HELIARC SEAM WELD,
INSTEAD OF THE FIRST ROW OF SPOT WELDS. FIGURE 1

BATE

nonuna‘ B LANK 5'.2“;"4 cREcKeED oY Tt l REVISED BY

FORM MO. A708-1




e

Z 34N9i4 . =
" 3
= @31VJIGNI avol
ai ONY O N3I3ML3I8 431240 N3IWD3I4S (1)
1 . . SI1ON
m 2
S3INDAD
cec..w ' 0000/ 000% - 0009 - o000 - 0002 ) 0
®-~=---- ° s 4 E
......... &
i1 = © ¢ s09ss | al*
D----—-— - - == - === e g | —
G = s ° { |
“ 1
- , 2
[000%1]--0 2t ° 5 +
S e e S 3 e | 009¢s | 2
R e S e = o O 0 [
® -0 Sy 5
A £, |ooses | a2
o A3LVIIANS @ Sece——— ! s
e $377A7 1V 3UNWVI ON [ 3
(X
> IWNIVA LNIOF @ @r- o5 3w
S, @1IM 1045 IV HYIT O ® e, | oosnr | |
o © aN3937 ®-----o- - = !
% HONE | M
nwm 3¥vVNOS m <
x NIWI| /SONNOd | — || % 2
> . -73dS |00 e g
5 SINIOM d3Q713M 40 347 IN21Lv4 g z
B —y
B ———— e R e T pe= T = = — —




IEPO"_JB 2139

CONVAIR || ASTRONAUTICS . ®

. JOINT DRAWING(A @ B)

FLAT SPLICE PLATE 1

3.54° SPLICE PLATE
0.100 AM 355 OR 321
1 STAINLESS STEEL

‘0.036”

CONTINUOUS
SEAM WELDZ——\.
|
| | | | | ‘
-
|4 | ’ 5 EQUALLY
4.32° 3‘—“%7’—0'\’, IH | SPACED
1 ' B | seor welps
3 . !
| ; Vo
| : ¥* E % ¥ |
£ _spLICE GRAIN
DIRECTION
NOTE:
(1) SKIN MATERIAL - 0.036” 30!
HALF HARD STAINLESS STEEL.
(2) REFERENCE DRAW ING 7-0706 3 FIGURE 3
m”‘.BLANK a_lslsn‘oi CRICHED o7 satt l REVISDD oY PaTI
FORM NO. ATOS-1 ]
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JOINT DRAWING (C @ D)
END MILL SPLICE PLATE
4.10" — SPLICE PLATE -

AM 355 OR 32/

°'°f°" 200" STAINLE SS STEEL
‘w
I 034'
CONTINUOUS
SEAM WELD —>———
| T [} ]
bl B K * I* I
' O AR 1
| ' A 6 EQUALLY
[ 1 I
4.42" le?ERg"l"\JION Il' | I H | SPACED
LLE ' ! : SPOT WELDS
l /1 : ] ] :! |
AR LA RS :—J-
. spLIGE oRAw .
DIRECTION
NOTE :
(1) SKIN MATERIAL - 0.034" 30/
EXTRA FULL HARD STAINLESS STEEL
(2) REFERENCE DRAWING . 7-07063 FIGURE. 4
PREPARED IVG 8LA~K 2 &t bol CHECKED BY BATE | AgvIsEs BY AT
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FIGURE

PHOTO INDEX

PHOTO NO, TITLE

43001A Static Pailure of
Joints A and B

43060A Static Failure of
Joints C and D

43068A Fatigue Pailure of
Joints A and B

43069A Patigue Pailure of

Joints C and D

10

11

12

13
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M 355 sno 301 % HARD

FIGURE 6

STATIC FAILURE OF JOINTS A & B

SPLICE PLATE SKIN MATERIAL
A AM-355 TYPE 301 }1/2 H) STAINLESS STEEL
B TYPE 321 CRES TVPE 301 (1/2 H) STAINLESS STEEL

FORM NO. A-702-1
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FIGURE 7

STATIC FAILURE OF JOINTS C & D

SPLICE PLATE SKIN MATERIAL
‘ C AM-355 TYPE 301 (EFH) STAINLESS STEEL
D TYPE 321 CRES TYPE 301 (EPH) STAINLESS STEEL

FORM NO. A-702-1
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FIGURE 8

FATIGUE FAILURE OF JOINTS A & B

SPLICE PLATE SKIN MATERIAL
A AM-355 TYPE 301 (1/2 H) STAINLESS STEEL
B TYPE 321 CRES TYPE 301 (1/2 H) STAINLESS STEEL

FORM NO. A-702-1
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B

i

| ano 30/ £F HARD

IAM 355 ano0 301 fF HARD

FIGURE 9

FATIGUE FAILURE OF JOINTS C & D

SPLICE PLATE SKIN MATERIAL
C AM-355 TYPE 301 (EFH) STAINLESS STEEL
D TYPE 321 CRES TYPE 301 (EFH) STAINLESS STEEL
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