
Manganese and Nitrogen in Stainless Steel 
SMA Welds for Cryogenic Service 

The roles of Mn and N in filler metals for cryogenic service 
are clarified, and a formula for more accurate FN calculation 

is proposed 
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ABSTRACT. Evaluation of a shielded met
al arc (SMA) weld test matrix in which 
manganese (1.5 to 10 wt-%) and nitrogen 
(0.04 to 0.26 wt-%) were varied indepen
dently has clarified the effect of these 
elements on cryogenic mechanical prop
erties and predicted ferrite number (FN). 
Several molybdenum and boron addi
tions were also made, but they had no 
observable effect on strength or Charpy 
V-notch (CVN) absorbed energy. The 
matrix was based on a type 308L stainless 
steel weld metal composition. Desired 
compositions and constant FN were 
attained through alloy additions to the 
electrode coating. For each weld, one 
all-weld metal 4-K tensile specimen and 
five 76-K CVN impact specimens were 
tested. 

Increasing the nitrogen content from 
0.05 to 0.25 wt-% linearly increased the 
4-K yield strength from 600 to 1300 MPa 
(87 to 188.5 ksi) and decreased the 76-K 
lateral expansion from 0.6 to 0.1 mm 
(0.24 to 0.04 in.). Nitrogen reduced the 
76-K CVN absorbed energy but not lin
early. The addition of manganese slightly 
increased the yield strength and slightly 
decreased the lateral expansion. The 4-K 
tensile strength was relatively unaffected 
by alloy additions; values varied between 
1300 and 1500 MPa (188.5 and 217.5 
ksi). 

The DeLong FN predictive equation 
was improved by substituting the Szuma-
chowski-Kotecki constant manganese 
term of 0.35 into the DeLong nickel 
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equivalent. Analysis of the remaining FN 
deviation revealed an interaction be
tween nitrogen and manganese. Addition 
of manganese-nitrogen interactive terms 
to the nickel equivalent increased the 
accuracy of the FN prediction. 

Introduction 

Toughness values for 300 series stain
less steel welds at cryogenic tempera
tures have consistently been lower than 
those for base materials of equal strength 
(Refs. 1, 2). Several studies have 
attempted to understand this phenome
non by statistically determining predictive 
equations for Charpy V-notch (CVN) 
toughness on the basis of the weld com
position (Refs. 3-5). Although these 
studies have resulted in tougher welds 
through optimized electrode composi
tions, the welds still do not match the 
toughness of the base material. Recently, 
controlled additions of nitrogen (along 
with additions of manganese to reduce 
the tendency to form porosity) have 
increased the plate strength at cryogenic 
temperatures with little loss in toughness 
(Ref. 6). However, this increased base 
material strength cannot be totally uti
lized until welds of comparable tough-
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ness at these elevated strengths are 
developed. 

This study was intended to contribute 
to the development of welds with prop
erties comparable to those of the nitro
gen-strengthened base materials. We 
investigated the strength-toughness rela
tionship in a series of SMA welds. The 
nitrogen and manganese contents were 
varied to evaluate their effect on the 
weld properties. Several welds with vary
ing boron and molybdenum contents 
were also included. 

Factors Influencing Strength, 
Toughness and Ferrite Number 

Strength 

The strengthening potential of nitrogen 
in stainless steel increases with decreasing 
temperature (Refs. 5, 7-11). Nitrogen 
occupies interstitial sites and expands the 
lattice in a manner similar to carbon (Ref. 
12). Unlike high carbon contents, high 
nitrogen contents do not result in sensiti
zation problems. The nitrogen content 
can be increased until porosity occurs at 
the solubility limit (Ref. 9). It can be 
introduced to the deposit through shield
ing gas mixtures with the GMA or CTA 
processes or through nitrogen-containing 
alloy additions to the coating with the 
SMA process. With 0.05 wt-% nitrogen 
additions in type 308 stainless steel welds, 
increases in yield strengths of approxi
mately 120, 150 and 175 MPa (17.4, 21.8 
and 25.4 ksi) were reported by Mukai, et 
al. (111 K), Enjo, et al. (76 K), and Onishi, 
ef al. (76 K), respectively (Refs. 10, 11, 
13). Onishi reports a similar increase in 
yield strength at 4 K. In comparison, only 
slight increases in weld yield strength (< 
50 MPa/7.3 ksi) have been found at 
room temperature (Refs. 10, 11, 13, 
14). 

The influence of nitrogen on the tensile 
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strength is disputed. In 304 and 316 
austenitic base material (Ref. 11), and in 
both fully austenitic and ferrite-containing 
stainless steel welds (Ref. 15), increases in 
76-K tensile strengths of 100 and 300 
MPa (14.5 and 43.5 ksi) were found when 
nitrogen content was increased from 
0.05 to 0.15, and 0.20 to 0.40, wt-%, 
respectively. Enjo, ef al., reported a 76-K 
tensile strength increase of only 20 MPa 
(2.9 ksi) when the nitrogen content was 
raised from 0.05 to 0.15 wt-% (Ref. 10) in 
type 308 stainless steel welds. In all cases, 
the magnitudes of tensile strength 
increases reported were less than those 
observed for the yield strength. The influ
ences of other elements (such as manga
nese, molybdenum and boron) on cryo
genic weld strength have not been pub
lished, but Sakamoto, ef al, reported that 
manganese increased yield strength in 
stainless steel base material at 76 K 
(Ref. 16). 

Toughness 

The cryogenic toughness of type 308L 
and 316L stainless steel welds is deter
mined by the interrelated and sometimes 
opposing effects of the individual alloying 
elements and the ferrite number (FN). 
The FN has been found to be the domi
nant factor in determining CVN tough
ness in these materials (Refs. 4, 17-20). 
Lower FN tends to raise the toughness. 
On the other hand, increased nitrogen 
contents, which lower the FN, have been 
reported to lower the CVN absorbed 
energy and lateral expansion (LE) values in 
SMA welds (Ref. 4). These differences 
and the variations in toughness values 
near 0 FN indicate that the role of nitro
gen (and other alloying elements) with 
respect to toughness requires further 
study. Several researchers (Refs. 4, 20) 
have studied the effect of alloying ele
ments that influence the ferrite content 
on the absorbed energy at 76 K. Nickel 
reportedly increased toughness, whereas 
carbon and chromium reduced tough
ness. Nitrogen is generally believed to 
reduce toughness, but it has been sug
gested that the effect of nitrogen on 
CVN toughness may be dependent on 
the specific alloy composition (Ref. 19). 
Manganese has been reported to 
decrease 76-K CVN energy in stainless 
steel base material (Ref. 16). The effects 
of molybdenum are not clear. 

Ferrite Number 

The strong influence of FN on cryogen
ic toughness dictates the use of an accu
rate method for predicting FN in the new 
high-nitrogen and -manganese stainless 
steel electrodes. The diagrams devel
oped by Schaeffler (Ref. 21) and DeLong 
(Ref. 22) are currently the best methods 
available for the prediction of FN. These 
diagrams were not designed for use with 

high-manganese alloys; they tend to 
underestimate FN for higher alloy con
tents because the austenitizing power of 
manganese decreases at high manganese 
concentrations (Refs. 23, 24). 

Whether the various FN diagrams or 
the corresponding mathematical expres
sions for these diagrams are used, nickel 
and chromium equivalents represent the 
relative austenitizing and ferritizing ten
dency for a given alloy composition. The 
DeLong nickel and chromium equivalents 

Nieq = Ni + 30 (C + N) + 0.5 Mn 
Creq = Cr + Mo + 1.5 Si + 0.5 Nb 

where the elements are in wt-%. 
Numerous studies have determined 

the dependence of FN on alloying ele
ments. The coefficients and constants 
that have been proposed to model the 
effects of nitrogen and manganese are 
given in Table 1. At high nitrogen con
tents, Espy, in particular, found that the 

nitrogen coefficient decreases (Ref. 24). 
Most studies involving high manganese 
contents have proposed constants to 
represent the effect of manganese and 
replace DeLong's 0.5 Mn term (Refs. 23, 
25). The Hull study (Ref. 26) was the only 
high manganese matrix to yield a manga
nese coefficient. However, its second-
order term does reduce the influence of 
manganese on the nickel equivalent at 
high concentrations. A review of the alloy 
ranges used in the various studies did not 
disclose the reason different terms (either 
constants or coefficients) were proposed 
to model the influence of the manganese 
and nitrogen in the nickel equivalent 
expression. 

Materials and Procedure 

To clarify the role of manganese and 
nitrogen on the cryogenic strength, 
toughness and FN, and to understand the 
reason for the varying and sometimes 
conflicting effects reported in the litera-

Table 1—Various 

Researcher 

Schaeffler (Ref. 
21) 

DeLong (Ref. 
22) 

Hull (Ref. 26) 

Espy (Ref. 24) 

Hammar and 
Svenson 
(Ref. 25) 

Mel'Kumor 
and Topilin 
(Ref. 27) 

Szumachowski 
and Kotecki 
(Ref. 23) 

Okagawa, et 
al. (Ref. 28) 

Manganese and Nitrogen Coefficients Determined in 

Coefficient 
or Constant 

N Mn 

0.5 Mn 

30 N 

18.4 N 0.11 M n -
0.0086 Mn 2 

30 (N-0.045) 0.87 
22 (N-0.045) 
20 (N-0.45) 

14.2 N 0.31 

20 N 

0.35 

13.4 N 

Principle 
Matrix 

Variations 
(wt-%) 

Ni (0 to 30) 

N (0.03 to 0.22) 

Ni (0 to 22) 
Mn (0 to 20) 
N (0 to 0.15) 

Mn (5 to 12.5) 
N (0.13 to 0.33) 

Ni (9.0 to 14) 
N (0.01 to 0.20) 
C(0.04 to 0.10) 

Ni (10 to 16) 
N (0.05 to 0.46) 

Mn (1 to 12) 

N (0.04 to 0.29) 

Previous Studies 

Comments 

308, 309, 310, 316, 
410 and 502 

309, 308L, 316, 
316L, 347 (low 
Mn) 

70 chill - cast 
stainless steel 
alloys. Mo, Si, V, 
W, Ti, Cb, Ta, Al? 
Co, Cu, C also 
varied. Cr = 14 
to 20 wt-% 

4 nitronic series 
alloys 

N and Mn not 
varied 
systematically. 

The 3 N coeff. are 
for < 0.20, 
< 0.25 and 
< 0.35 wt-% N, 
respectively. 

130 austenitic alloys 
(Ingots) 

Mn content = 1 to 
2 wt-% 

Cr = 17 to 25 wt-% 
Austenitic stainless 

steel 
0.5 Mn, 25 Cr, 

0.09 C 
308, 309L, 316L, 

307 
Low nitrogen (0.05 

wt-%) 
GTA weld (no filler 

metal) on 304L 
base metal. N 
added through 
shielding gas. 
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Table 2-

Alloy 
No. 

1 
2 
3 
4 
5 R ( b ) 

5 
6A 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
18R(b) 
19 
20 
21 
22 

-Chemical Composil 

C 

0.033 
0.034 
0.034 
0.036 
0.039 
0.039 
0.036 
0.032 
0.033 
0.038 
0.037 
0.031 
0.037 
0.035 
0.038 
0.032 
0.038 
0.031 
0.033 
0.032 
0.039 
0.033 
0.033 
0.032 

Mn 

1.57 
1.49 
3.23 
6.54 
6.31 
6.31 
6.27 
1.66 
2.96 
6.46 
9.52 
3.18 
6.62 
6.61 
9.38 
6.11 
9.56 
2.90 
3.25 
3.16 
9.55 
3.10 
3.46 
9.72 

ion<a' and Ferrite Numbers of the Welds 

Si 

0.29 
0.34 
0.39 
0.37 
0.34 
0.34 
0.34 
0.32 
0.36 
0.35 
0.38 
0.34 
0.38 
0.32 
0.35 
0.36 
0.37 
0.30 
0.39 
0.42 
0.34 
0.36 
0.37 
0.34 

P 

0.013 
0.020 
0.014 
0.015 
0.021 
0.021 
0.027 
0.014 
0.013 
0.015 
0.017 
0.015 
0.016 
0.021 
0.017 
0.016 
0.019 
0.013 
0.014 
0.013 
0.017 
0.015 
0.014 
0.018 

S 

0.006 
0.006 
0.006 
0.007 
0.007 
0.007 
0.007 
0.006 
0.006 
0.007 
0.009 
0.006 
0.008 
0.007 
0.009 
0.007 
0.009 
0.006 
0.006 
0.006 
0.009 
0.006 
0.006 
0.009 

Cr 

17.58 
15.37 
17.87 
17.61 
15.39 
15.39 
15.17 
18.36 
18.13 
18.51 
17.71 
18.99 
19.51 
17.77 
18.98 
20.90 
20.22 
18.79 
17.58 
17.90 
17.70 
17.75 
17.82 
17.60 

Ni 

9.19 
9.06 
9.02 
9.13 
9.14 
9.14 
9.14 
8.94 
9.12 
9.17 
9.10 
9.05 
9.06 
9.10 
9.14 
9.29 
9.07 
9.12 
9.00 
9.05 
9.26 
9.07 
9.10 
9.06 

Mo 

0.02 
2.03 
0.02 
0.02 
1.99 
1.99 
3.84 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
1.66 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 

N 

0.047 
0.034 
0.035 
0.046 
0.047 
0.047 
0.162 
0.103 
0.037 
0.098 
0.106 
0.153 
0.151 
0.166 
0.163 
0.252 
0.265 
0.104 
0.032 
0.041 
0.037 
0.152 
0.150 
0.259 

B 

(d) 
(d) 
(d) 
(d) 
(d) 
(d) 
(d) 
(d) 
(d) 
(d) 
(d) 
(d) 
(d) 
(d) 
(d) 
(d) 
(d) 
(d) 

0.015 
0.006 

(d) 
(d) 

0.008 
(d) 

FN 
Pad 

2.8 
3.4 
4.0 
2.8 
2.8 
2.8 
2.6 
1.8 
3.6 
2.6 
1.5 
1.4 
2.2 
2.5 
1.7 
1.6 
1.2 
2.0 
3.2 
3.0 
3.6 
0.8 
0.6 
0.2 

FN 
Plate(c) 

4.9 
4.4 
4.7 
4.2 
3.6 
3.6 
2.9 
3.1 
5.1 
3.6 
2.7 
1.9 
3.6 
3.5 
2.8 
2.0 
1.8 
3.8 
3.7 
4.6 
4.8 
1.0 
0.5 
0.7 

FN 
Calculated 

DeLong 

1.35 
2.2 
2.07 

-4 .3 
- 5 . 4 
- 5 . 4 
-8 .06 

0.6 
0.02 

-5 .35 
-12.16 

-2 .93 
-5 .53 
-7 .25 

-12.16 
-7 .92 

-14.75 
2.83 
1.38 
2.04 

-7 .81 
-7 .17 
-7 .25 

-24.00 

(a)Weight percent. 
(b)Repeated welds. 
(C)FN plate is the average of FN bead surface and FN impact specimen surface. 
(d,Not determined. 

ture, a test matrix based on a type 308 
stainless steel weld composition was 
evaluated. Alloy additions were made to 
the SMA electrode coating. Manganese 
(1.5 to 10 wt-%) and nitrogen (0.04 to 
0.26 wt-%) were varied independently 

within the matrix. Several molybdenum (2 
and 4 wt-%) and boron (0.006 and 0.015 
wt-%) additions were also made to the 
matrix. 

The weld matrix was designed with a 
variable chromium content. The chromi-

Table 3—Mechanical Properties of the Welds 

4-K Tensile Properties 76-K CVN Properties 

Alloy 

1 
2 
3 
4 
5R 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
18R 
19 
20 
21 
22 

°V 
(MPa) 

469 
527 
504 
455 
619 
665 

1169 
787 
502 
864 
871 
932 

1020 
1129 
1075 
1344 
1306 
748 
502 
491 
635 
888 
874 

1250 

CT 

(MPa) 

1586 
1570 
1432 
1341 
1346 
1489 
1447 
1412 
1387 
1410 
1395 
1376 
1376 
1410 
1527 
1627 
1622 
1438 
856 

1267 
1299 
1261 
1125 
1498 

Elongation 
(%) 

2 6 ( b ) 

20 
2 5 ( b ) 

26 
2 7 ( b ) 

37 
12 
21(b) 

24<»> 
24(W 

32 
20 
18.8 
12.0 
28.5 
16.5 
20.0 
250) 
6.5 

19*) 
27 
16(b) 
11.3 
15.5 

Reduction 
(%) 

16.6 
13.5 
23.8 
22.7 
18.0 
29.1 
14.1 
14.3 
14.9 
22.4 
23.8 
16.8 
15.3 
13.5 
26.6 
18.9 
13.3 
10.2 
10.8 
14.5 
23.1 
15.1 
9.6 

15.4 

LE(a) 

(mm) 

0.686 

0 .711 
0.584 
0.584 

-
0.533 

0.127 
0.483 

0.686 
0.432 

0.406 

0.406 

0.305 
0.229 

0.305 

0.127 
0.127 
0.508 

0.610 
0.610 

0.483 
0.457 
0.432 

0.152 

AE(a> 

0) 
46 
39 
41 
42 
-
37 
16 
39 
43 
42 
37 
40 
37 
33 
34 
20 
24 
42 
43 
38 
37 
42 
41 
21 

(a)LE = lateral expansion; AE = absorbed energy. 
<b)Fractured outside the gauge marks. 

um content was adjusted to compensate 
for the manganese, molybdenum, boron 
or nitrogen additions so that welds with a 
nearly constant FN value were produced. 
The FN of weld pads and the welds were 
measured magnetically. The measure
ment device was calibrated with ANSI/ 
AWS Standard A4.2-74. 

The weld metal carbon and nitrogen 
were determined with individual element 
analyzers; the phosphorus and sulfur, by 
an optical emission spectrophotometer; 
and the remaining elements, by conven
tional analytical techniques. The chemical 
composition and measured FN for the 24 
welds included in this study are listed in 
Table 2. Molybdenum interference in the 
optical emission spectrograph probably 
caused the variations in measured phos
phorus contents. 

Test welds were produced using a 
series of 3.2-mm (Vs-in.) diameter elec
trodes that had core wires from a single 
heat of type 308 stainless steel. The base 
material was 13-mm-thick by 305-mm-
long (0.5-in.-thick by 12-in.-long) mild 
steel plate. To overcome the effect of 
dilution by the base material, the exposed 
faces and backing strip were buttered 
with two layers of weld metal prior to 
beginning the test weld, as specified in 
AWS A5.4-78. The same welding 
machine, power supply, and welding 
variables (110 A, 22 V, an identical bead 
sequence, and a heat input of approxi
mately 0.6 k j /mm, or 15 kj/in.) were 
used to minimize weld variations. The 
interpass temperature was maintained at 
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93°C (199°F). 
Two all-weld metal, 6-mm (0.23-in.)-

diameter tensile specimens, oriented 
along the axis of the weld, were 
machined from each weld. The second 
specimen, reserved as a spare, was test
ed in a number of cases to check the 
repeatability of the results; in these cases, 
the average value is reported. Tensile 
specimens were tested at 4 K (liquid 
helium) with a strain rate of 9 X 10~5 s~1. 
A 25-mm (1-in.) gauge length was used. 
Specific details on the 4-K tensile testing 
equipment and procedures have been 
reported previously (Ref. 29). Five A-type 
ASTM CVN specimens, with their 
notches oriented perpendicular to the 
plate surface and located along the weld 
centerline, were removed from each 
weld and tested at 76 K. 

Results and Discussion 

Strength 

The yield and tensile strengths deter
mined for the various welds at 4 K are 
given in Table 3 and plotted for the 
various nitrogen contents of the welds in 
Fig. 1. The yield strength increased linear
ly with the nitrogen content. The equa
tion relating the yield strength to the 
nitrogen content was: 

Weld Yield Strength (MPa at 4 
K) = 400 + 3700 (wt-% N) (1) 

The F value (a test of the significance of 
the model) was 256 and the coefficient of 
determination R2 (a measure of the quali
ty of the regression) was 0.92. This equa
tion corresponds closely with a previous
ly determined equation relating the yield 
strength to nitrogen content for stainless 
steel plate (Ref. 6): 

Plate Yield Strength (MPa at 4 
K) = 350 + 3400 (wt-%) (2) 

The tensile strength remained near the 
average of 1400 MPa (203 ksi) for nitro
gen contents up to 0.16 wt-% and aver
aged 1500 MPa (217.5 ksi) for the three 
alloys that had about 0.26 wt-% nitrogen. 
This slight increase in the tensile strength 
was not statistically related to the nitro
gen contents. 

Yield strength as a function of the weld 
manganese content is shown in Fig. 2. 
The nitrogen contents were coded, since 
they are the dominant strengthener. At 
the 0.05, 0.10 and the 0.15 wt-% nitrogen 
concentrations the yield strength was 
found to increase as the manganese con
tent of the welds increased. The equation 
including both the nitrogen and manga
nese effects on yield strength is: 

Weld Yield Strength (MPa at 4 K) = 
360 -F 3400 (wt-% N) + 
14 (wt-% Mn) (3) 

The F value was 154 and the R2 value was 
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Fig. 1 —Strength versus weld nitrogen content at 4 K 
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Fig. 2 — Yield strength versus weld manganese content at 4 K 

0.94. There was some evidence that the 
strengthening tendency of manganese 
changes as a function of nitrogen content 
(Fig. 2), but linear terms express the 
relative effects of manganese and nitro
gen contents quite well for the scope of 
this study. 

Toughness 

Figure 3 shows that the CVN absorbed 
energy at 76 K decreases only slightly as 
nitrogen content is increased up to 0.16 
wt-%. The average absorbed energy val
ue in this region was approximately 40 ) 
(29 ft-lb). Nitrogen contents above 0.16 
wt-%, however, caused a substantial 
decrease in absorbed energy. At 0.25 
wt-% nitrogen, the absorbed energy is 
reduced approximately 50%. All compo
sitions followed this trend closely, with 
the exception of the 3.84 wt-% molybde
num alloy, which fell far below the trend. 

No effect of manganese on the CVN 
energy was determined. 

Unlike the CVN absorbed energy, lat
eral expansion values decreased linearly 
as a function of nitrogen content — Fig. 4. 
A decrease in lateral expansion of 
approximately 86% occurred when the 
nitrogen content was raised from 0.03 to 
0.26 wt-%. The manganese content also 
affected lateral expansion. The lateral 
expansion of Alloy 12 is 0.1 mm (0.004 
in.) less than that of Alloy 11 in Table 3 
(both «, 19 wt-% Cr, 0.15 wt-% N, 1.5 
FN); we attribute this to its significantly 
greater manganese content. The alloys 
with molybdenum additions generally fit 
the observed trends; however, the lateral 
expansion values of alloys with combined 
high nitrogen, manganese and molybde
num contents (particularly Alloys 13 and 
6) were low. 

The CVN absorbed energy and lateral 
expansion have been reported to be 
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Fig. 3 — CVN absorbed energy versus weld nitrogen content at 76 K 
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Table 4—Deviation Between the Measured 
FN and the FN Calculated Using DeLong's 
Equation 

Alloy 

1 
2 
3 
4 
5R 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
18R 
19 
20 
21 
22 

N (wt-%) 

0.047 
0.034 
0.035 
0.046 
0.047 
0.047 
0.162 
0.103 
0.037 
0.098 
0.106 
0.153 
0.151 
0.166 
0.163 
0.252 
0.265 
0.104 
0.032 
0.041 
0.037 
0.152 
0.150 
0.259 

Mn (wt-%) 

1.57 
1.47 
2.23 
6.54 
6.31 
6.31 
6.27 
1.66 
2.96 
6.46 
9.52 
3.18 
6.62 
6.61 
9.38 
6.11 
9.56 
2.90 
3.25 

3.16 
9.55 

3.10 

3.46 
9.72 

AFN<a> 

1.45 
1.20 

1.93 
7.10 

8.20 

8.20 

10.66 
1.20 

3.58 

7.95 

13.66 
4.33 

7.73 

9.75 

13.86 
9.52 

15.95 

- 0 . 8 3 
1.82 

0.96 
11.45 
7.97 
7.85 

24.20 

0 I 0 0 0.04 0.08 0.I2 0.I6 0.20 
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Fig. 4 —Lateral expansion versus weld nitrogen content at 76 K 
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linearly related for the common type 
308L and 316L stainless steel composi
tions (Refs. 3, 4). The nonlinear relation
ship observed in this study between CVN 
absorbed energy and lateral expansion 
when the nitrogen content was below 
0.16 wt-% was therefore unexpected, 
and its cause was not determined. We 
suspect that oxygen content, inclusion 
density, ferrite content, or other factors 
characteristic of these compositions are 
responsible for limiting the impact energy 
to 40 J (30 ft-lb). If this is indeed the case, 
the effect of nitrogen would become 
apparent only at nitrogen contents high 
enough to lower the CVN absorbed 

energy below the 40-J shelf. The nonli
near relationship found in this study indi
cates a need to re-evaluate the use of the 
76-K CVN test to screen material for 4-K 
toughness testing. 

The yield strength-lateral expansion 
relationship for these alloys is illustrated in 
Fig. 5. This relationship is better than that 
for alloy content-lateral expansion and 
indicates that the strengthening mecha
nisms (interstitial for the nitrogen and 
substitutional for the manganese) are 
controlling the lateral expansion. Relating 
the lateral expansion to the yield strength 
by linear regression techniques produced 
the equation: 

(a>AFN is defined as the difference between the measured FN 
(FNP) and the FN calculated wi th the DeLong predictive 
equation. 

LE (mm at 76 K) = 0.95 - 6 X 10 - 4 

[Weld Yield Strength (MPa at 4 K)] (4) 

This equation had an F value of 344 and 
an R2 value of 0.94. 

To put the mechanical property data 
into perspective, the data determined for 
these weld metal alloys need to be com
pared to type 316LN base metal. In gen
eral, type 316LN base metal has a yield 
strength greater than 1000 MPa (145 ksi) 
and fracture toughness (K|c) above 200 
MPa • m'/2 at 4 K (Ref. 1). Corresponding
ly, 76-K CVN absorbed energy and lateral 
expansion values are typically near 90 J 
(66 ft-lb) and 1 mm (0.04 in.), respective
ly, for this material. 

The weld compositions evaluated in 
this study had CVN absorbed energy 
values (30 to 40 J/22 to 30 ft-lb) similar to 
previous weld studies at these strength 
levels, but far below the base metal value 
(90 )). Therefore, we find a continuing 
need for a better understanding of the 
factors that determine toughness in the 
weld metals. Studies to evaluate the 
effect of inclusions on toughness are 
suggested. 

Ferrite Number 

Table 4 gives the difference between 
the value of FN measured magnetically 
on the weld pads (FNP) and that calculat
ed using the DeLong predictive equation 
for the various welds. The AFN, or devia
tion between the measured and pre
dicted FN, increases as nitrogen and man-
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ganese concentrations increase. Three 
approaches were used to examine and 
minimize these deviations. 

A graphical method was used to 
express the influence of manganese and 
nitrogen on the nickel equivalent. In Fig. 
6, the difference in nickel equivalents 
(ANieq) is plotted versus the manganese 
and nitrogen contents (Ref. 23). The 
ANigq is a measure of the difference 
between the DeLong diagram nickel 
equivalent, found using the measured FN 
and calculated chromium equivalent, and 
a calculated partial nickel equivalent in 
which either the manganese or nitrogen 
term is deleted. The difference between 
the two equivalents measures the effect 
of the manganese or nitrogen. The slopes 
of the best fit lines through the manga-
nese-ANieq or nitrogen-ANieq graphs 
define the respective manganese and 
nitrogen coefficients. A nitrogen coeffi
cient (R2 = 0.91) of 21 is obtained when 
Alloy 22 is excluded from data. Alloy 22 is 
excluded due to its deviation from the 
trend established by nearly identical com
positions. Also, by replotting all the data 
as the DeLong diagram nickel equivalent 
versus nitrogen, a nitrogen coefficient of 
21 is obtained (R2 = 0.93). A nitrogen 
coefficient of 21 agrees well with those 
reported by Hull, Espy and Mel'Kumor — 
Table 1. 

The data (in Fig. 6B) indicate a slightly 
negative manganese coefficient. A nega
tive slope has not previously been pro
posed; but this concept is also supported 
by the Szumachowski-Kotecki type 309 
Nieq data (Ref. 23). It is clear that the Espy, 
Szumachowski-Kotecki and Hull terms 
and the line representing this study all 
predict manganese effects better than 
the 0.5 DeLong manganese coefficient. If 
a constant manganese term is fitted, the 
manganese constant (—0.25) is less than 
that proposed by either Espy (0.87) or 
Szumachowski and Kotecki (0.35) (Refs. 
24, 25). 

Stepwise linear regression, the second 
method of analysis, was used to deter-

0.030 in 

t/> 
XL 

0.10 0.20 0.30 0.40 0.50 0.60 0.70 

76 K Lateral Expansion, mm 

Fig. 5— Yield strength at 4 K versus lateral expansion at 76 K 

0.80 0.90 

mine the accuracy of existing predictive 
FN equations and to examine possible 
improvements to these equations by 
changing the coefficients and adding new 
variables. In this approach, 20 variations 
of the DeLong (Refs. 22, 30), Schaeffler 
(Refs. 21, 30) and Seferian (Ref. 31) equa
tions were evaluated and ranked in order 
of their significance by the stepwise 
regression program. Within each equa
tion type, different combinations of nitro
gen and manganese terms were used. 
For nitrogen, coefficients of 30, 24, 18, 13 
and 0 were included. For manganese, 
DeLong's 0.5 manganese coefficient and 
constant manganese terms of 0.35 and 
0.74 were included. One equation that 
contained Hull's manganese terms was 
included. From this wide variety of pre
dictive equations and modifications, the 
best equation was selected for the man
ganese and nitrogen ranges in this 
study. 

In addition to these FN predictive 
equations, compositional terms such as 
Mn, N, Si, Mn2 , MnN and CN were also 
available for selection by the regression 
program. Selection of one of these terms 
following the selection of a predictive 
equation indicated that its influence was 
not properly modeled in the predictive 
equation. As an example of the notation 
for the predictive equations, FNCSK indi
cates the ferrite number calculated using 
a Schaeffler diagram equation modified 
to include nitrogen and using the Szuma
chowski-Kotecki manganese constant 
(0.35). The D in FNCD represents the 
DeLong diagram FN equation. 

Figure 7 shows the predicted values 
for three of these equations (FNCD, 
FNCDK, FNCSK) plotted against the FN 
measured on the weld pad (FNP) and 
illustrates the substantial differences 
between the predicted and measured FN 
values. These equations are defined by: 

-6, 

Jhis study 

o FN>I5 
• t>FN<l.5 
• FN<1 

_L _L 
0.04 012 0.16 0.20 0.24 0.28 0.32 

Nitrogen, wt.% 

Fig. 6 — Difference in nickel equivalent. A — Versus weld nitrogen content; B -

0 2 4 6 8 10 

Manganese, wt.7o 

• Versus weld manganese content 
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Fig. 7—A—Ferrite number calculated using the DeLong equation; B —Ferrite number calculated 
using the Szumachowski-Kotecki 0.35 constant to replace the manganese term in the DeLong 
equation; C—Ferrite number calculated using the Schaeffler equation modified to include a 
nitrogen term 

FNCD = -30.65 + 3.49 
(Cr + Mo + 1.5Si)-2.5 (5a) 
[Ni + 30(N + Q + 0.5 Mn] 

FNCDK = -30.65 + 3.49 
(Cr-FMo-F 1.5 Si) - 2.5 (5b) 
[Ni -I- 30(N + C) + 0.35] 

FNCSK = -37 .1 +43.5 
(Cr-FMo + 1.5Si) / 2.5 (5c) 
[Ni + 30(N + C) + 0.35] 

where all elements are given in wt-%. 
The unmodified DeLong equation 

(FNCD) underestimated the measured FN 
by as much as 24 FN when the nitrogen 
and manganese contents exceeded the 
ranges for which the equation was pro
posed—Fig. 7A. Figure 7B shows the 
improved FN predictions resulting from 
the replacement of DeLong's 0.5 manga
nese coefficient with the 0.35 constant 
manganese term (FNCDK). Although the 
FN values generated from the FNCDK 
expression agree well with the measured 
FN values at lower manganese and nitro
gen content, overall the FNCSK equation 
produces a more linear data set. When 
modified with a coefficient to adjust its 
slope and given the appropriate inter
cept, FNCSK could therefore predict the 
effect of manganese and nitrogen most 
accurately. For this reason, FNCSK was 
always chosen as the best predictor of 
FNP by stepwise linear regression analy
sis. A similar result was found using the 
ferrite number measured on the actual 
welds (FNW). Because the results using 
FNP or FNW are so similar, they will be 
used interchangeably and are simply 
identified as FN. The equation found 
through this method of analysis was: 

FN = 3.0 + 0.26 (FNCSK) (6) 

This equation had an F value of 98 and an 
R2 value of 0.82. In each calculation, the 
program indicated the need for an addi
tional nitrogen- or nitrogen-manganese-
containing term in the predictive equa
tion. Overall, this method of analysis 
showed that although FN prediction is 
greatly improved by using the modified 
Schaeffler equation, the manganese and 
nitrogen terms within the FNCSK expres
sion require further study. 

Modification of DeLong's nickel equiv
alent was the third and final approach to 
reduce the FN deviations. The nickel 
equivalent was calculated from the chro
mium equivalent and measured FN. Only 
compositional variables associated with 
the present DeLong nickel equivalent and 
boron were allowed as choices during 
linear regression analysis with this meth
od. Here, it was possible to determine 
which compositional terms were statisti
cally significant and their respective coef
ficients. A revised nickel equivalent was 
found that better predicted FN in these 
high manganese-nitrogen alloys: 
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• The nitrogen-manganese interaction expressed in terms of the nickel equivalent 

Ni eq ' Ni + 29(C + N) + 0.53(Mn) 
- 0.05(Mn) - 2.37(MnN) 
+ 0.94(MnN)2 -0.71 (7) 

where all elements are represented in 
wt-%. An F value of 220 and an R2 value 
of 0.98 indicate a high statistical signifi
cance for the equation. This modified 
nickel equivalent can be substituted for 
the DeLong nickel equivalent to deter
mine FN using the DeLong diagram, or it 
can be substituted in a mathematical 
representation of the DeLong diagram 
(Equation 5a), yielding: 

FN = -30.65 + 3.49(Cr + Mo + 1.5 
Si) - 2.5[Ni + 29(C + N) 
+ 0.53(Mn) - 0.05(Mn)2 - 2.37(MnN) 
+ 0.94(MnN)2 - 0.71] (8) 

In developing this nickel equivalent, alloys 
with nitrogen contents greater than 0.22 
wt-%, or FN of less than 1.0, were not 
included. Since the DeLong equation was 
shown to have a large scatter at very high 
nitrogen or manganese contents in Fig. 6 
and accurate measurements of FN near 
zero are difficult, these limitations seem 
reasonable. 

The manganese effect is decidedly 
dependent on the nitrogen level, as 
shown on the contour map of the equa
tion in Fig. 8. At a low nitrogen content, 
the nickel equivalent first increases as the 
manganese content is increased. As man
ganese contents exceed the 4 to 5.5 
wt-% range, however, the nickel equiva
lent begins to decrease. The observation 
of a change in the austenitizing power for 
manganese within this concentration 
range has been reported by Suutala (Ref. 
32), Hull (Ref. 26), and Guiraldenq (Ref. 
33). The fact that increased nitrogen con
tents modify the behavior of manganese 
has not previously been reported. At 
0.20 wt-% nitrogen, for example, no 
characteristic change in the nickel equiva
lent takes place as the manganese con
tent is increased. The nickel equivalent 
slowly and continuously decreases to 
lower values. On the other hand, at 0.06 

wt-% nitrogen, the nickel equivalent 
increases from 12 to 12.7 and then 
decreases to 11.4 as the manganese con
tent is raised. A change in the nickel 
equivalent from 12 to 13 at the average 
chromium content of 19.5 results in an FN 
change of 3 on the DeLong diagram. 

If either of the MnN terms is removed 
from Equation 7, the other becomes 
insignificant, the magnitudes of their 
coefficients are reduced, and the coeffi
cient for nitrogen approaches 22. Such an 
equation is in agreement with those 
found by Hull (Ref. 26) and Mel'Kumor 
and Topilin (Ref. 27). It could be argued 
that Equation 7 is in fact an extension of 
those developed by Hull, Mel'Kumor and 
Topilin and is also related to that found 
by DeLong (Ref. 22) at lower manganese 
levels. 

In summary, the DeLong manganese 
coefficient of 0.5 is inaccurate for these 
high manganese-nitrogen alloys. The 
replacement of DeLong's coefficient with 
the Szumachowski-Kotecki constant 
manganese term (0.35) improves FN pre
diction, but it still does not completely 
describe the behavior of manganese. The 
revised nickel equivalent proposed in 
Equation 6, however, improves FN pre
dictions by quantifying the nitrogen-man
ganese interactions. From the various 
manganese and nitrogen terms reported 
by researchers and the seemingly contra
dictory nitrogen coefficients indicated 
through graphical versus computer meth
ods in this study, it is clear that interac
tions between alloy elements must be 
more fully understood before better 
(and, one hopes, simpler) FN predictive 
equations can be written. 

Conclusions 

1. The 4-K yield strength of these 
welds is primarily a function of the nitro
gen content. Manganese increases the 
strength slightly. Both effects can be 
expressed by: 

Weld Yield Strength (MPa) = 360 
+ 3400 (wt-% N) + 14 (wt-% Mn) (3) 

2. The 76-K lateral expansion had a 
more linear correlation to the strength 
and the alloy content than the CVN 
absorbed energy. The lateral expansion 
was expressed best by: 

LE (mm at 76 K) = 0.95 - 6 X 10~4 

[Weld Yield Strength (MPa at 4 K)] (4) 

3. Present FN predictive equations are 
inaccurate for 18Cr-9Ni stainless steels 
with high manganese and nitrogen levels. 
Two equations were found to improve 
FN prediction for these alloys. The first is 
simpler; the second is more accurate: 

FN = 3.0 + 0.26[-37.1 + 43.5(Cr 
+ M o + 1.5 Si)/2.5(Ni + 30 
(N + C) + 0.35)] (6) 

Nieq = Ni + 29(C + N) + 0.53(Mn) 
- 0.05(Mn)2 - 2.37(MnN) 
+ 0.94(MnN)2 - 0.71 (7) 

The second equation is a modified Nieq, 
which is to be used with the DeLong 
diagram. 

Acknowledgment 

This work was supported by the 
Department of Energy, Office of Fusion 
Energy. 

References 

1. Mazandarany, F. N., Parker, D. M., Koe-
nig, R. F., and Read, D. T. 1980. A nitrogen-
strengthened austenitic stainless steel for cryo
genic magnet structures. Advances in Cryo
genic Engineering—Materials 26:58-170, New 
York, Plenum Press. 

2. McHenry, H. I., and Elmer, ). W. 1982. 
Fracture properties of a 25 Mn austenitic steel. 
Materials Studies for Magnetic Fusion Energy 
Applications at Low Temperatures — V, NBSIR 
82-1667:245. Boulder, Colorado, National 
Bureau of Standards. 

3. Siewert, T. A. 1978. How to predict 
impact energy from stainless steel composi
tion. Welding Design and Fabrication 51(6J:88-
90. 

4. Szumachowski, E. R., and Reid, H. F. 
1979. Cryogenic toughness of SMA austenitic 
stainless steel weld metals: part II —role of 
nitrogen. Welding journal 58(2):34-s to 44-s. 

5. Mori, T.( and Kuroda, T. 1985. Prediction 
of energy absorbed in impact for austenitic 
weld metals at 4.2 K. Cryogenics 25:243-
248. 

6. Reed, R. P., and Simon, N. J. 1984. Low 
temperature strengthening of austenitic stain
less steels with nitrogen and carbon. Advances 
in Cryogenic Engineering —Materials 30:127-
136. New York, Plenum Press. 

7. Peckner, D., and Bernstein, I. M. 1977. 
Stainless Steel Handbook, pp. 4-13, New 
York, McGraw-Hill. 

8. Gunia, R. B., and Woodrow, C. R. 1970. 
Nitrogen improves engineering properties of 
chromium-nickel-stainless steel, journal of 
Materials 5(2):413-430. 

9. Humbert, J. C, and Elliott, J. F. 1960. The 
solubility of nitrogen in liquid Fe-Cr-Ni alloys. 
Metallurgical Transactions 218:1076-1087. 

WELDING RESEARCH SUPPLEMENT 191-s 



10. Enjo, T., Kikuchi, Y., and Nagata, H. 
1982. Effect of nitrogen content on the low-
temperature mechanical properties of type 
304 stainless steel weld metals. Transactions 
JWRl 11(2):35-42. 

11. Onishi, K., Miura, R., et al. 1981. Effect 
of carbon and nitrogen contents on the 
mechanical properties of SUS 304 and 316 
austenitic stainless steel at low temperatures 
down to 4 K. Tetsu-to-Hagane 67(13):271. 

12. Ledbetter, H. M., and Austin, M. W. 
1985. Dilation of an fee Fe-Cr-Ni alloy by 
interstitial carbon and nitrogen. Submitted to 
Metallurgical Transactions. 

13. Mukai, K., Hoshino, K., and Fujioka, T. 
1979. Tensile and fatigue properties of austen
itic stainless steel at LNC temperature. Tetsu-
to-Hagane 65(12):1756-1765. 

14. Erasmus, L. A., and Yang, L. J. 1970. 
Strengthening welds in the warm-worked 
grades of austenitic stainless steel by the addi
tion of nitrogen. Welding and Metal Fabrica
tion (7):269-275. 

15. Ozeki, T., and Ogawa, T. 1985. The 
solidification and cryogenic toughness of high 
nitrogen stainless steel weld metal. Croup 
welding metallurgy document, unpublished, 
Nippon Steel Research Center, )apan. 

16. Sakamoto, T., Nakagawa, Y., and 
Yamuchi, I. 1986. Effect of manganese on the 
cryogenic properties of high nitrogen stainless 
steels. Advances in Cryogenic Engineering — 
Materials 32, New York, Plenum Press. In 

press. 
17. Read, D. T., McHenry, H. I., Steinmeyer, 

P. A., and Thomas, R. D., Jr. 1980. Metallurgical 
factors affecting the toughness of 316L SMA 
weldments at cryogenic temperatures. tVe/d-
;h^7ouma/59(4):104-s to 113-s. 

18. Szumachowski, E. R., and Reid, H. F. 
1978. Cryogenic toughness of SMA austenitic 
stainless steel weld metals: part 1 — role of 
ferrite. Welding journal57'(11):325-s to 333-s. 

19. Siewert, T. A. 1985. Predicting the 
toughness of SMA austenitic stainless steel 
welds at 77 K. Welding Journal 6S(3):23-28. 

20. Ekstrom, U., and Olsson, K. 1980. The 
influence of ferrite and oxygen contents on 
weld metal mechanical properties of sub
merged arc welded stainless steel. Proc. Weld
ing Institute Conf: Weld Pool Chemistry and 
Metallurgy, pp. 80-81, Cambridge, England, 
The Welding Institute. Discussion ISBN 
0-85300-138-3, Vol. 1, Paper 37:323-334. 

21. Schaeffler, A. L. 1949. Constitution dia
gram for stainless steel weld metal. Metal 
Progress 85(7):680 B. 

22. DeLong, W. T. 1974. Ferrite in austenitic 
stainless steel weld metal. Welding journal 
53(7):273-s to 286-s. 

23. Szumachowski, E. R., and Kotecki, D. ). 
1984. Effect of manganese on stainless steel 
weld metal ferrite. Welding Journal 61(5): 156-s 
to 161-s. 

24. Espy, R. H. 1982. Weldability of nitro
gen-strengthened stainless steel. Welding Jour
nal 61(5):149-s to 156-s. 

25. Hammar, O , and Svenson, U. 1979. 
Solidification and casting of metals, pp. 4 0 1 -
410, London, England, The Metals Society. 

26. Hull, F. C 1973. Delta ferrite and mar
tensitic formation in stainless steel. Welding 
Journal 52(5): 193-s to 200-s. 

27. Mel'Kumor, N., and Topilin, V. V. 1969. 
Alloying austenitic stainless steel with nitrogen. 
Obrabotka Metallor (8):47-51. 

28. Okagawa, R. K„ Dixon, R. D., and 
Olson, D. L. 1983. The influence of nitrogen 
from welding on stainless steel weld metal 
microstructures. Welding Journal 62(8):204-s 
to 209-s. 

29. Read, D. T„ and Tobler, R. L. 1982. 
Mechanical property measurements at low 
temperatures. Advances in Cryogenic Engi
neering-Materials 28:17-28, New York, Ple
num Press. 

30. lohnson, E. W „ and Hudak, S. J. 1978. 
H2 embrittlement of austenitic stainless steel 
weld metal with special consideration given to 
sigma phase. Welding Research Bulletin 240, 
New York, Welding Research Council. 

31. Seferian, D. 1962. Metallurgy of Weld
ing (trans. E. C. Bishop). London, England, 
Chapman and Hall Ltd. 

32. Suutala, N. 1982. Effect of manganese 
and nitrogen on the solidification mode in 
austenitic stainless steel welds. Metallurgical 
Transactions A 13:191-197. 

33. Guiraldenq, P. 1967. Science Reviews 
of Metals 64:907-938. 

WRC Bulletin 316 
July 1986 

Two additional Technical Position Documents that Supplement WRC Bulletin 300, December 1984, have 
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Technical Position on Piping System Installation Tolerances 
By E. B. Branch, N. Kalyanam, D. F. Landers, E. 0. Swain and D. A. Van Duyne 

This document, prepared by the Task Group on Industry Practice, provides tolerances on the as-built 
geometry of light water reactor piping and pipe support locations that are considered acceptable for 
reconcil iation with as-designed geometry. 

Technical Position on Damping Values for Insulated Pipe—Summary Report 
By J. L. Bitner, S. N. Hou, W. J. Kagay and J. A. O'Brien 

This document, prepared by the Task Group on Damping Values, is an extension of the "Technical 
Position on Damping Values for Piping—Inter im Summary Report ," appearing in WRC Bulletin 300. 

The price of WRC Bulletin 316 is $12.00 per copy, plus $5.00 for postage and handling. Orders should 
be sent with payment to the Welding Research Council, Suite 1301 , 345 E. 47th St., New York, NY 
10017. 

92-s | MARCH 1987 



A m e r i c a n W e l d i n g S o c i e t y 550 N.W. LeJeune Road, P.O. BOX 351040, Miami, Florida 33135 
Telex: AMWELD SOC No: 51-9245 (305)443-9353 

AN INVITATION TO AUTHORS 
to present Brazing and Soldering Papers at the 
AWS International Brazing and Soldering Confe 

New Orleans, Louisiana, April 1 9 - 2 1 , 1988 

The American Welding Society's C3 Committee on Brazing and Soldering invites you to present your 
outstanding and unpublished work in the field of brazing and soldering development, research or 
application at the 19th International AWS Brazing and Soldering Conference. This event will be held in 
conjunction with the Society's 69th Annual Convention at the New Orleans Convention Center, New 
Orleans, Louisiana. 

Please submit your abstract(s) by August 15, 1987, to be screened by the C3 Papers Selection 
Committee for the 1988 conference. Authors will be notified sometime in November 1987 regarding 
acceptance of their papers. 

Each abstract should be sufficiently descriptive to give a clear idea of the content of the proposed 
paper. In any case, it must contain not less than 500—but preferably not more than 1000—words. 
Manuscripts of approximately 5000 words must be submitted before final approval is given. Repeated 
references to a company and/or the use of advertisement, trade names, trademarks (or expressions 
considered as such by the industry) are not permitted. Suitable generic terms must be used, in 
accordance with those standardized by the American Welding Society, where applicable. 

Papers may be considered for publication in the Welding Journal regardless of acceptance for 
presentation at the conference. Topics of particular interest in brazing are: 

Applied technologies of (1) aerospace structures, (2) machine tools, (3) nuclear assemblies, (4) 
automotive assemblies, (5) electronic equipment, (6) food processing equipment and (7) pressure 
vessels. Of special interest is the application of brazing to titanium, aluminum and other base metals, 
including brazement strength data. 

New research and development on (1) brazing filler metals, (2) brazing filler metal/base metal 
interaction, (3) nuclear properties of brazements, (4) electronic properties of brazements, (5) corrosion 
of brazements and (6) strength of brazed joints. 

In addition, papers dealing with educational and informative aspects of production, engineering, 
research and metallurgy are welcomed if the subject falls within the scope of the session. 

Please fill out the Author's Application Form (reverse side), attach abstract thereto and return to AWS. 
To assure your paper's consideration for the 1988 conference, your abstract must be postmarked no 
later than August 15, 1987. 

7^uo.7 
Paul W. Ramsey 
Executive Director 
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IMPORTANT: ABSTRACTS MUST BE AT LEAST 500 WORDS AND BE POSTMARKED NO LATER THAN AUGUST 15, 1987, TO 
ASSURE CONSIDERATION. 



AUTHOR APPLICATION FORM DEADLINE 
AUGUST 15, 

FOR 1987 

BRAZING AND SOLDERING PAPERS 

Complete in Full and Return to American Welding Society, Inc., 550 N.W. LeJeune Rd., P. O. Box 351040, Miami, Florida 
33135 

Date Mailed 

Author's Name 

Check how addressed: Mr. • 

Title or Position Ms. • Dr. • Other 

Company or Operation 

Mailing Address 

City State Zip 

Telephone (including Area Code) 

If there are to be joint 

Authorships, give name(s) 

of other author(s) 

Name 

Address 

Name 

Address 

Proposed title (10 words or less): 

ABSTRACT: 

• Type, double spaced, an abstract of not less than 500—but preferably not more than 1000—words on 
separate sheets and attach to this form. 

• Be sure to give sufficient information to enable the Papers Selection Committee to obtain a clear idea of 
content of the proposed paper; confine background to about 100 words. Also be sure to emphasize Results 
and Conclusions since this material, together with information on what is NEW, will have a very important 
bearing on the final decision of the AWS C3 Papers Selection Committee. 

• If complete manuscript is available, in addition to abstract, please attach two copies to this form. 
• Application Form and Abstract must be postmarked not later than August 15, 1987, to assure 

consideration. 

MANUSCRIPT DEADLINES: 
• All manuscripts must be in the hands of the Papers Selection Committee no later than March 15, 1988. If 

received by that date, every effort will be made to publish them in a special Brazing and Soldering issue. 
• It is expected that the Committee's selections will be announced sometime in November 1987. 
• If your paper is made a part of the program, which of the following manuscript deadlines will you be able to 

meet? 
December 16, 1987 • January 15, 1988 • February 16, 1988 • 

PRESENTATION AND PUBLICATION OF PAPERS: 
• Has material in this paper been previously presented in a meeting or published? 

Yes • No D When? Where? 
• Following presentation at the Conference, would you accept invitations to present this paper before AWS 

Sections? Yes • No D 
• Papers accepted for presentation become the property of the Society with original publication rights 

assigned to the Welding Journal. 

RETURN TO AWS HEADQUARTERS. MUST BE POST
MARKED NOT LATER THAN AUGUST 15, 1987, TO 
ENSURE CONSIDER A TION. 

Author's Signature 


