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Examination of Type 431 Stainless Steel
Alloy T-Bolts Used In Marman V-Band

Couplings

References : (a) N BS Report No. 8361, "Failed Marman Type
Clamps From A Model J79 Engine S/N
62-12184 and S/N 62-12189", dated June 8,

1964.

(b) NBS Report No. 9077, "The Examination of
a Failed 431 Stainless Steel alloy T-Bolt
(Marman Clamps)", dated April 1, 1966

(c) Bureau of Naval Weapons letter RRMA-223:
GMY/58, dated 10 June 1964.

Introduction : Numerous failures in service of type 431
stainless steel alloy T-bolts used in Marman V-band couplings
have prompted the comprehensive examination reported herein.
Of the three failures examined at N3S, two were attributed
to stress corrosion. Reference (a) and one to stress cor-
rosion and fatigue, Reference (b). In each instance, well
defined carbide layers were noted at the peripheral areas
and at areas in and adjacent to secondary cracks in the
bolts examined. These bolts were identified as having been
manufactured prior to November 1962.

Subsequent to examination of the aforementioned bolts, the
Naval Air Station at North Island found an unsatisfactory
bolt lot* Reference (c) requested that bolts in this lot
be examined to determine whether they were unsuitable as a

result of marginal heat treating practice or other material
conditions

.

Material : Two Marman couplings, each with a type 431 stainles
steel alloy T-bolt from the lot of unsatisfactory bolts were
submitted for examination. The bolts were labeled North
Island, lot 1, items a and b for identification purposes
in this report.

Prior to completing the examination of the North Island,
lot 1 items, additional materials were submitted for exam-
ination. These included the following:

1. 3olts from various stages of manufacture..

2. Bolts removed, under AFC(change) 200, from
aircraft that had never flown.

3.

Bolts from production lots.
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4. Experimental bolts.

To facilitate examination, the material was sorted into groups
identified by modification (Mod) numbers. The Mod numbers
assigned are related to various head stamp markings, slotted
grooves and dimples on the thread end and thread dye markings.
The markings originally established the approximate date of
manufacture and processing procedures employed.

Table 1 lists all of the known dates of manufacture, iden-
tifications, processing variables and heat treatment for
each Mod. Mods 1 through 8 include production bolts still
in use. Mods 9X through 17X are experimental materials.
Mod 13X, 14X and 15X were subjected to the first stages'of
processing given Mod 7 bolts. No materials were submitted
from the Mod 4 category.

Each of the bolts submitted was labeled by 'lot and item
number for additional identification purposes. Table 2

includes a summarization of the materials by lot, item,
number of pieces and appropriate Mod number.

Bend Tests : Guided bend test were performed on represent-
ative bolts from each lot with the exception of lot 1, 5 T

(item c) and 6. The results obtained from these tests are
given in Table 3. The bend tests performed on bolts from
lot 2 were of an unrestrained nature, while tests on bolts
from all of the other lots tested were performed with the
bolts held rigid at the "T" head and at the threaded end.
The specimens were bent until failure occurred and the maxi-
mum bend angle obtained was recorded. All bend test speci-
mens failed at the last thread of the bolt shank.

There did not appear to be any significant trend in bend
angles other than that obtained for the inch-28 bolts
from Mods 7 and 8. For these bolts the bend angles were
10 degrees and 15 degrees, respectively. The bend angle
for 10-32 bolts from Mod 7 was higher (17 degrees). For
materials from lots 4 and 5, processed in accordance with
conditions specified for Mods 1, 2 or 3 and 5 or 6, the
bend angles varied between 10 degrees and 30 degrees.

The lower structural yield load values obtained for some
of the bolts may be attributed to a notch effect at the
last thread on the shank.
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Bolts taken from any of the Mods, when clamped at the shank
end in a bench vise, were capable of being bent through an
angle of 180 degrees at the unthreaded shank, without failure.
Marman Process Bulletin MPB 200.030 C specifies that the
bolts shall be capable of being bent without failure to an
angle of 90 degrees over a mandrel having a diameter twice
that of the bolt shank.

Tensile Tests : Tensile tests were performed on bolts from
each lot, with the exception of those from lots 1 and 2.

The tensile tests were conducted in accordance with ASTM
specification A-370-64, Supplement III, Steel Fasteners.
The maximum load to produce failure and the total elonga-
tion of each bolt tested are given in Table 3.

Marman MPB 200.030 C specifies, for 180 Ksi bolts, minimum
tensile values of 3600 lbs and 6552 lbs, respectively, for
10-32 and %-28 bolts. The total elongations specified are
0.058 inch minimum for a 10-32 bolt and 0.077 inch minimum
for a -28 bolt.

The results of the tensile tests show that 2 bolts from lot
4 and 3 bolts from lot 5 failed to meet the minimum tensile
requirement for %- 28 bolts. These bolts were from lots
that had been removed from F-4 aircraft (under AFC (change)
200). These bolts were processed in accordance with the
procedures specified for Mods 1 , 2 or 3 and had been manu-
factured prior to May 31, 1962.

All of the other bolts tested had tensile properties within
specification limits.

There was no significant improvement in the tensile properties
of bolts that had been shot peened or Harperized (Lot 7,
i terns 2 , 3 and 4 )

.

Lot 8 bolts showed a decrease in breaking load and an in-
crease in elongation over that obtained in testing bolts
of the same Mod number from lot 3, item a; lot 4, item c;
and lot 5, item c.

Hardness : Knoop hardness (500g load) determinations were
made on transverse sections cut from the unthreaded shank
areas of representative bolts from each lot. These deter-
minations converted to Rockwell C, are given in Table 3.
The first value was obtained at areas adjacent to the speci-
men edge and the second value was obtained from an area
adjacent to the center of the specimen.
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A hardness of 45 ’; Rc maximum and an ultimate tensile strength
of 180,000 psi minimum are specified for 431 stainless steel
alloy T bolts in Marman Process Bulletin MPB 200.030c. The
hardness for a tensile value of 180,000 psi is approximately
Rc 39.

Using hardness values as criteria for acceptance in procure-
ment, a hardness, Rc 37, for one bolt from lot 3, item b and
a high hardness, Pc 47, for one bolt from lot 7, item 1 ,

may
or may not be cause for rejection, inasmuch as these values
were obtained from areas adjacent to the surface only. The
extremely low hardness values obtained for the two bolts
from lot 4 and the three bolts from lot 5 that failed to meet
the minimum tensile requirements would definitely be cause
for rejection. By comparing the hardness obtained for lot 6,

items 1 and 2 (annealed material) with the hardness of two
bolts from lots 4 and 5 it appears that the latter were still
in the annealed condition. The higher hardness, Rc 22-29,
obtained for the other bolt from lot 5 indicates that this
bolt had received insufficient heat tratment or had been
tempered in the temperature range of 1040° to 1125°F. This
is a higher tempering temperature than that specified for a

180 ksi bolt, but, may be normal for a 125 ksi bolt, (hardness
Rc 26-34). The hardness of all of the other bolts examined
was within the limits specified for a 180 ksi bolt.

Metalloqraphic Examination : Sections were cut from bolts
from each lot for me ta 1 1 ogr aph i c examination.

Examination of transverse sections, obtained from unthreaded
shank areas of bolts from lot 1, items a and b, revealed that
the microstructure was tempered martensite with no evidence
of delta ferrite, Figure 1. After repolishing and etching
of the same sections, carbides were found randomly distrib-
uted throughout the sections. However, the carbides we re
more abundant at the bolt periphery than at the bolt center,
Figures 2a and 2b. The carbide distribution in these bolts
was similar to that noted and previously discussed for the
failed bolts. As noted in Table 2, these bolts were identi-
fied as having been manufactured prior to May 31, 1962.

In the case of the bolts from lots 2 and 3 the carbide dis-
tribution was random and there was no evidence of a carbide
layer at the surface, Figures 3a and 3b. The microstructure
was tempered martensite with delta ferrite. Figure 4. These
bolts were manufactured between November 1962 and February
1965 by Standard Pressed Steel under more rigid heat treat-
ment controls.
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Examination of transverse sections cut from lot 4 and 5 bolts
that failed to meet the tensile and hardness requirements
revealed the following:

(1) Four tensile test specimens, 2 from each lot
still in the annealed condition, Figure 5.

Figure 6 shows, for purpose of comparison,
the annealed microstructure of material as
received from the mill (example is from lot
6 , item 1 )

.

(2) One tensile test specimen from lot 5 (hardness
Rc 22-29) had been heat treated. The micro-
structure in this specimen was martenstic with
no me t a 1 1 ogr a p h i c evidence of delta ferrite,
Figure 7. The evidence of a heat treated
structure here would tend to substantiate
that there was an improper heat treatment
or that a higher tempering temperature than
that in the previous cases was employed.

The microstructure of bolts from lot 6, items 3 and 4 were
similar to that shown for the lot 2 and 3 bolts. In the
case of item 5 and 6 bolts, it was observed that the abun-
dance of carbides was considerably reduced, Figures 8a and
8b. The microstructure of the item 5 and 6 bolts was tempered
martensite with delta ferrite and there was some grain growth.
Figure 9.

The reduction in the amount of carbides and the grain growth
may be related to the heat treatment accorded the item 5

and 6 bolts. Table 1 shows an increase in time at the aus-
tenitizing temperature for item 5 and the inclusion of a

refrigeration treatment before double tempering at 550 degrees
F for item 6. As noted in Table 1, the increase in time at
the austenitizing temperature and the double temper at 550
degrees F are now recommended for 431 stainless steel T-bolts
for use in Marman V-band couplings.

The microstructure of bolts from lot 7, items 1, 2, 3, 4 and
A -2 was essentially the same as that shown in Figure 9 and
the carbide distribution was similar to that shown in Figures
8a and 8b. These bolts were drawn from lots representative
of the latest heat treatment. The microstructure for the
bolts from item A-l was similar to that shown in Figure 4

and the distribution of carbides was similar to that shown
in Figures 3a and 3b for the lot 2 and 3 bolts.
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Examination of the bolts from lot 8 revealed that the micro-
structure was tempered martensite with delta ferrite. However,
it was noted that there was a considerable increase in the
amount of delta ferrite over that previously observed in all
of the other specimens examined. Figure 10. The distribution
of carbides was similar to that shown in Figure 3a and 3b.

Conclusions : Type 431 stainless steel alloy T-bolts examined
included the following materials:

(1) Material from various stages of manufacture.

(2) Bolts from production lots.

(3) Bolts that had been removed from aircraft that
had never flown.

(4) Experimental bolts that had been subjected to
various heat treatments and /or surface cold
working.

The results obtained from hardness and tensile test revealed
that 4 bolts removed from aircraft that had never flown were
still in the annealed condition and that one bolt may have
been tempered at a temperature higher than that recommended
for a 180 ksi bolt. These conditions were confirmed by metal-
lographic examination. Bolts in this category were identified
as having been manufactured prior to May 31, 1962, Metallog-
raphic examination revealed undesirable carbide layers adja-
cent to the periphery in other bolts manufactured during this
period. The microstructures observed were tempered martensite
with no me tal lographi c evidence of delta ferrite. The failures
of type 431 stainless steel alloy T-bolts, previously reported
in references (a) and (b) were attributed to stress corrosion
and to strees corrosion and fatigue respectively. In each
instance failure was linked to the presence of excessive
carbides, particularly at surface areas. In addition, the
failed bolts were indentified as belonging to the same period
of manufacture (pre May 31, 1962).

The results obtained from tensile and hardness tests showed
that variations in heat treatment (time at austenitizing
temperature and tempering alterations) did not significantly
alter tensile and hardness properties. However, austenit-
izing for 1 hour and double tempering at 550 degrees F improved
the solution of carbides. It was found that surface cold
working, shot peening and Harperizing, did not alter the
tensile or hardness properties.
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The results obtained from guided bend tests did not reveal
any significant correlation* The structural yield load
varied within each lot tested. The variation is believed
to be due to a notch effect at the last thread on the shank.
Specimens from any period of manufacture were when clamped
in a vise capable of being bent through an angle of 180
degrees without failure.

It is evident from the large number of modifications and
identifications that a "store" problem has been created
in supplying acceptable T-bolts from new installations and
replacement. As the first step in alleviating this situ-
ation, it is recommended that all bolts identified as
having been manufactured prior to May 31, 1962 be removed
from supply bins or other access because of the unreliabil-
ity of manufacturing procedures during this period.



,



Table

1.

Bolt

identification,.

processing

variables

and

heat

treatment

for

various

modifications

(Mod

No’s).

(



.



Table

1.

(cont





Table

1,

(cont

CO co

O
•pH i—

1

Cm O
•pH X!

C *rH O
<D CO C C

O CL -o CO
•pH

O CO

c-o 33
E o
CO -

^ o
co CO

•a
CO

o o
sz <*-H

o o
x:
^ O

co
'a o
co •

x: O
O

a> cm
>
CO CC
x: cu

CO

o
c
o
r—i

u

o c
c co

E
>, ^H

CO CO

E S o •

i—l CO

f*« C .Q
O "PH CO l—l

C
'a a) -

co o h o
E *ph =s

<l-< * i—l

rr -pH c CO

O «ph >
x: o s
D5 cu
3 CO

o
£h CO

x: C

f-t

<D

CL
O+^O
pH P-1 N
cl "O *ph

03 'co
E -<

O CO

>- o
S-H *pH

c
CO CO

U -C
p-H O
O <D

03 2

co -Q

10-32

3,600

0,058

No

greater

than

46

%--28

6,552

0,077

No

greater

than

46

(c)

Identification

used

in

error.



.

i i

.

.



3
o
•rH

4->

CO

O
•iH

<4H

3
05

T3

M
o
Vh

-o
o
•*->

e
xa
3
00

00

rH

CO

fH

05

+->

co

<4-4

o

c
o
•H
4->

CO

o
•rH

<4H

•rH

4->

3
05

73
•H

CO

3
O

4->

73
73
<

CM

0)

r—

i

rQ
CO

H

00

o
CQ

<4H C/5

o 05

O
. o
O -rH

2 a.

o
2
E
0)
4-»

o
J

72 •

o o
JE 2

C0C0C0CMC0C0CMC0C0CDC0CDC0 COCOCDO COCOCOCOCDCOCO CO
CMCMCMCOCMCMCOCMCMCMCMCMCM CD CM CM (M CM CM CM CM CM CM CM CM CM

I I I I I I I 1 i I I I 73 I I I i I I I I I I I

: : : Or r Or rrrrrrrrrr rrrrrrr r

x? x? x? x? X? X? x? xr

Cl i i i

E »

co < < < < < < <
4-5

C/0 tJ td 05 05 05 05 0>W 05 D51sJ
2 2 3 3 C 3 3 2 3 3 2

73 O O •H *H »H «H *H •rH -rH <0
CO 2 2 X X X X X2 X X2
05 1 1 rH rH rH rH r-H r-H r-H

xn f
: : Vl <H <H <H <H <w <+h

i i i i i i i i i i i

<< <<<< <<<<<<<<
CD CD'-H 05 CD O CD 0505050505050505
c 3 ^ c 3 c c cccccccc
•M »rH W • rH •rH • rH • rH »rH • rH »rH »rH *rH »rH • rH «rH

^ ^ ^ ^ ^
^H rH r-H r-H rH H rH rH rH rH rH rH rH rH
VH OH C<_| <+_( %_j Vh (H'H'H'H'HlHtH'H

HHlOinnOOH'O'OCMNr-iCMOOOO OOOOOOOO
r-H i—I CO r-H r—I r—I r—I r-H r-H r-H r-H >—| rH r-H r-H

CM
I I

co xi coxa o co xa co X2 o coxa o h cm co v in 'Ohcmcom, << h

i-h t—it—
i CM CM CM

hh rHCMcMCMcocn ,cvj'vininin)'rDOOsOO 'Or-r-h-r^r-h-H)

CM CM

CO CO CO CO CO CO

CM CM O CM CM o
XX- XXX XM M' '

•

• (-.JhMJhJhVhXXXoo ooooooo O N h I
s- CO'TTUO COO X CO O' O rH co CO CM

r-H rH r-H r-H tO r-H r-H LO r-H r-H r-H r-H r-H rH r-H rH

$H

05

o
C
3

to
o
>
o
E

u
o

• 05

O oo

O co

CM 05

fn
•—s 05
05

05 4-5

05 3 3
U CO 05

>3 fH

O 05

« - w 3
o c *o
E 5 O CO

O bL
r rH < O

C/5 <*H 4->

•rH fH

3 V 0) 05

O 05 T! 3
_3 > 3 TO

05 3
3 4->

4-5 73 O
CO 73 05 05

CO > Q.
- 3 O C/5

4-45 £ 3
Vh 4-5 05 CO

CO CO fH

?H 3 JV

o 4-5—0
4->

•rH 4-5 Vh 05

< V CO V
CO U CO •

rH 5h O 3 »-H

r

H

O fH -rH co

05 fH -rH E •rH

3 •rH CO >H >H

3 CO 05 05

O CO 4-> 4^

a E c 05 CO

o O CO 73 E
s fn 05 3
V O -H 73

X O 05

X2 - 05 r-H

O CO fn CO

72 O O 05 05

05 CM TP 3 3
4-> o 3
4-» ^ m w CO

•rH 05 r-H 05
E 05 1 3 -

X2 C C 'H Xi
3 co v<; O
00 3 i fH o

O X- CO 4->

CA w E • C/5

4-* E 4-5

rH O O 05 fn fH

o X* fH X *rH CO

ca <C U. Q 73 03

/TS /—s /-*S

rH CM CO 7T





Table

3.

Mechanical

properties

of

representative

T

-bolts

submitted

for

examination.

u
a>

Q-
o
u
CU

~o
E
<u

CO

o
r-H CO

05 O
E O
<

05
T3 <D

E *0

0)

CO

rH
CO CO

M O
3 r—

H

QOh-OOOOO
TJ1 rH rH rH rH r—i r-H

r- r- oom
H h CM

in 10 o
CM rl H

to

-H* J=t

O - f—

I

3 "O

O LO in o in in o O O in O o o o o o o
CO CO CM o CM in O rr in I

s- rH I
s- o rr rH CO o

o o O co CO I
s- CM r- co CO rH in rH rr rH 0s

CM CM rH rH rH rH CM rH rH rH CM rH co co CNJ rH

on

E
CO O
CD rH «H C/)

•H CO P o
4-5 P (0 -
M O 05 o
CD H E E
O. O HI
O rH
Mi Es3

CM

<D

rH
• rH

to •

E 05 tO

O e n
H •H rH

nC o I
s-

i—i CM •

i * • •

o o o

CM CM CM I

i“4 f™1 r—I I... I

O O O I

CO

Mi

CQ

o in in o o O O in o in in in
o CM CM CO I

s- o CM o I
s- CM I

s-

rH O rH CM CM CM 'C1 CM —

1

0s 0s in
CO CO co 'O' I

s- I
s- CO co

CO i—

4

(O i—

I

4) O r—

4

E 5 s—

'

TO MCMOO
CO o
E 03

CO CO
DC QC

co CM rH ^r O CO I
s- in in CM rH

1 i

TT ^r
i 1 1

TT
|

rr
1

MT
1

'cr

1 I
1

CM
1

CO
1

CM
1

rH
io

1

CM
1

o
1

vC
1

sO
1o

1

CM
1 1

I
s-

'O 'sT "'O •'O 'cr •^r TT co

O
oH
I

I
s-

I
s-

0s

I

lO
o 0s

o
H>

CD O CO O CO CO X3

CM CO

o





Table

3.

(cont

o

u
o
G.
o
u
Du

-a
c
G
QQ

G
r-H CO

CP 0)

c G
< V

CP
*o G
E *o
G
CQ

rH -a
CO CO

Vi 0
•3 rH
•i-»

O •• 1

3 -a
Vi r-H

+-> G
CO •rH

>»

000
CO CO CO

o o
OJ '-h

OOO
0 o 10
•—

1 O-l

CO CO CO

O O
>0 O'
CM L.O

CM —

1

O
•rH

+-»

v
0
o.
o
Vi

cu

0

co

c
0
H

r—

1

•rH CO O rH vO co O' 0 sO
CO +-> G O' O' O' 0 O' 0 O'
+> CO 30 0 0 O 0 0 rH 0
0 O O * • « • • « *

H E C
O W

0 0 O 0 0 0 0

td

CP to

C .Q

id in 0 O 0 0 in 0 in 0 in m in 0 0 in in in 0 m in
CO CM in O 0 0 t'- in CM in h- r- CM 0 0 CM r- h- in t- CM
G *o CO CM O 0 0 cO 0 CM rH co rH O' in O' O' O' O 0 O O
U CO r- r- in h- r- r- O’ co r- h- r>- CO co CO CO
CQ O

CO r—

I

CO 1—

I

0 G I—

1

c S -

'

'O .id

Vi O O
co o
co cc

s
g

o
2
+->

o
uJ

O'
CM
»

CM
CM

CQ CQ
DC DC

O h-
C' O'

I I

LO O
O' 0s

CM CM

CQ CQ
DC CC

I

in
O'

vO co 0
-ST

2

'O'
1

1

sO
1

in
1

0
'O1

co O H CM CO 'C in vO

in vO



'



T

able

3.

(cont

u
o
Q.
O
5-.

'O
3
o
CO

o
i—t U)

u> o
3 V
< 5*

cr«

T3 O
3 X3
0)

CD

ID ID t— ID ID ID ID ID ID VD ID o o o
CM CM CM

rH -O
CO CO

5* O •

3 I—I C/i

+-> XJ
O » —

i

3 "O
5-i i—

<

*-> O
CD -rl

>1

o o o
CO O O
i-i ^7 t—
CM CM <—1

o o
CM

t— co

o o O o O O O o Oo co O ID ID MO CO O' MO
ID r- o O /—

t CM rH ID co
rH CM OJ CM CM CM 00 CM CM

5-<

a
a.
o
5-i

C-

o

3
a
H

i—

(

•i—l CO f-« h- CO t— c CO o -0 "S’ o 'C' O' vO o ^r
CO 4-> <0 0s o a- O' co O' CO O' O' O' O' CO co O' co t—

CO JZ o o o o o o o o o o o o o o o o
o C3 O 0 « • • . • • . . • • • « • *

H 3 3 o o o o o o o o o o o o o o o o

o
o

Es3

CO to

3 D
ID ID ID ID o ID ID ID iQ ID o ID ID ID o ID o

3 » I— t- CM r- ID CN CM I
s- CM r- o t— CM t— ID r- ID

0) -a o O' rH r- CO O CO 0s O' O' O' O' O O' r- vO CO
5-1 3 cO h- CO r- I

s- CO 1— r- t— r- r— r- CO r— r- r- r-
m o

co «—

i

CO I—I '

a> o <—

i

e S
"O
5-<0 0
3 o
X os

i

t-

MO
TT

I

O

CO

i

TT

CO

I

vO

CO

i

^r

o
+->

CM co i

<

o
J





Table

3.

(cont.

to

O
•rt

4->

>-

0
CL

Bend

Angle

degrees in m in
CM CO CM

O
Ju

Du r-H "O
co a3

T3 o
c 2 H W O O in
0 4-> XJ CO h- r-H

CD O - rH CM O 'C
3 "O CM CM CM
V- r-H

4-> 0
(X) -r-.

>>

3
CO o
0 rH *H GO vO rH O

•rH 3 4-5 0 i-u CM
+j (0 £ rH r-H rH

>H O 05 o
o H 3 3 o o o
Cl O 1—

1

o r-H

u fcj

Du

0
f—

H

•rH

to •

3 05 C/5

0 3 _Q
•rH rH IQ LO lO
x; fH r—

H

CO - >—i CM <-h

0 "O r- h- r-
>u CO

CQ O
rH

C/5 r-H

CO i—I
'—

'

0 0 i—

(

3 2 w o
o XC
>< O o i

CO o CO
3D OS

E
0 r-H

+-5

hH

O
2

co
4-5

O
J

CO c
CO 0
£ o

CO

0 •n
3 *0
r-H co

CO «

> 3 CO

0 3
<-5 Sh O
to ~ 3 "rH

Fh 4->

•rH 4H O
Czu 3 0

CO

•o
• 0 4-5

CO 3 r-H

c •rH O
o 3 _Q
•rH 4->

4-> n 0
CO O CO

3 >-4

•rH 3 0
E 3 >
U 3 co

0 3
4-> 0 3
0 3 Jh

*o r-H 4->

3
/“H > 3
05 o
o -o
o 3 0
m O "O

O 3
0 E

o. CO

o 0
o •- J-4

3 0 0
05 2
"O

E 0 CO

o 3
u 0 O
<4H JZ -rH

4-5 4->

7D 3
0 O 3
4-> 4-> *PH

z- E
0 +-> U
> 3 0
3 0 +H

O O 0
o 3 "On
0 T3 —

i

3 r-H

CO <
3 3

CO 0 •rH

0 Ju • $u

3 3 5u 0
r-H 0 4-5

a 4-5 4-5 3
> 3 3 E

0
to o O ”0

CO 0 0
0 3 0 r-H

3 •rH .3 3
*o 3 4-> 0
Jh 4-5 3
3 -O o 3
~ o 4-5 <





Figure 1. Typical microstructure for bolts from lot 1.

Microstructure is tempered martensite with no
me t a 1 1 ograp h i c evidence of delta ferrite.
Etched with Kalling's reagent. X500.
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Figure 2

—
b

Typical Carbide distribution in T -bolts from Lot 1.

Etched, electrolytically in 10 % NaCN. X500.
a. Note abundance of carbides adjacent to bolt

periphery. Concentration appears to diminish
toward center.

b. Carbide concentration at center of T-bolt.
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3. Typical Carbide distribution in bolts from lots 2

and 3. Etched electrolytically in 10% NaCN. X500.
a. Concentration adjacent to bolt periphery.
b. Concentration at center.
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Figure 5. Microstructure of lot 4 T-bolt that failed to
meet the minimum tensile and hardness require-
ments. Microstructure is similar to that of
annealed material. Etched with K ailing's
reagent. X500.
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ure 6* Photomicrograph of annealed material from lot 6 r

item l f presented here for comparison with the
annealed microstructure shown in Figure 5.
Etched with Kalling's reagent. X500.
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ure 7 , Photomicrograph of a portion of the section of a

lot 5 bolt that failed to meet the minimum tensile
and hardness requirements for a 180 ksi bolt.
Microstructure is tempered martensite with no met-
allographic evidence of • delta ferrite. Etched
with Kalling’s reagent. X500„
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8. Typical carbide distribution in lot 6, items 5 and
6 bolts. Etched electroly ti cal ly in 10% NaCN. X500.
a. Concentration adjacent to the periphery.
b. Concentration at the center.





Figure 9. Photomicrograph of typical structure in bolts
from lot 6, item 5 and 6. Microstructure is

tempered martensite with delta ferrite. Note
that some grain growth occurred. Etched with

• Falling's reagent. X500.
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Figure 10. Microstructure in a bolt from lot 8. Note
the presence of an abundance of free ferrite
in the tempered martensite matrix. Etched
with Vilella's reagent. X500.



’

im
i

[


