
Welding a Cast Silicon Hardened 
Stainless Maraging Steel 

Procedures based on GMA W and SMA W with matching 
composition filler metals produced 100% joint efficien­
cies in the IN-833 alloys 

BY E. P. SADOWSKI 

ABSTRACT. Consumables for a new 
cast stainless maraging steel, IN-833. 
were developed. Both the bare and 
covered electrodes are also useful for 
welding alloy CA6NM. 

Simulated major casting defects 
were repaired successfully and butt 
joints up to one inch thick were made 
with the GMAW and SMAW pro­
cesses. Weldment tensile properties 
in the range of 110 to 160 ksi (824-
1104 MPa) were obtained with post­
weld heat treatment. This high tensile 
strength was accompanied by high 
toughness. The weldments had ten­
sile and impact properties equal to or 
better than the unwelded base metal. 

The IN-833 weldments had rust 
resistance equal to CA-15. 

Introduction 

A maraging cast stainless steel. IN-
833, has been developed which com­
bines strength, toughness and cor­
rosion resistance with good founding 
characteristics (Ref. 1). The alloy has 
a nominal composi t ion of 7%Ni, 
11.5%Cr, 0 .75%Si , ba lance es­
sentially Fe, and is hardened by a 
simple solution anneal of 1900 F 
(1038 C). 1 h, air cool and an aging 
treatment of 850 F (454 C) for 3 h. The 
microstructure after this treatment is 
a typical maraging steel massive 
martensite (Ref. 2). When fully har­
dened, IN-833 is designed for 135 ksi 
(931 MPa) yield strength and 145 ksi 
(1000 MPa) tensile strength. How-
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ever, by aging at various temper­
atures above 850 F (454 C), good 
combinations of properties can be 
obtained over a range of tensile 
strength. 

The purpose of the work reported 
here was to develop gas metal-arc 
and shielded metal-arc process cap­
ability for repair of major casting de­
fects and to make sound weldments 
for structural purposes in section 
sizes up to 1 in. thick. The target was 
for the weldments to have strength 
and toughness approximately equal 
to those of the base metal, and cor­
rosion resistance equivalent to that of 
alloy CA-15 (13%Cr). 

After this objective was met, the 
new IN-833 filler metals were also 
used to examine their suitability for 
welding alloy CA6NM (13%Cr, 4%Ni). 
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WELD METAL HEAT AFFECTED ZONE 

BASE METAL TENSILE 

BASE METAL CVN 

ALL WELD METAL 
(GMAW) 

— BASE+HAZ+WELD 

Fig. 3 — Specimen location in cast repair 
tests; also used for hardness traverses. 
About 1/3 actual size 

Experimental Procedure 

Materials 

The compositions, melt size, 
source and section sizes of the cast­
ings investigated are given in Table I, 
Codes 1-9. Casting sizes varied from 
3/4 x 5 x 12 in. weld plate (19 X 127 
x 30 mm) to 2 x 9 x 9 in. plate (51 x 
219 X 219 mm). 

The composi t ions of the fi l ler 
metals, electrode core wires and weld 
deposits obtained from the covered 
electrodes are given in Table 2. 
Matching composit ion filler metal was 
used for the GMAW process. The 
same composit ion was also used for 
electrode core wire and covered with 
a lime-titania flux for the SMAW pro­
cess. The filler metals, Codes 10-13, 
were obtained from 33 pound vacuum 
induction melted heats. 

Welding 

Weldability was established by the 
repair of simulated major casting de­
fects and by the welding of butt joints. 
The depth of the defects were in the 
range of 22 to 50% of the thickness of 
the castings (Figs. 1 and 2). A min­
imum of 20% is required to qualify as 
a major casting defect (Ref. 3). Dif­
ferent specimen designs were used to 
change the degree of restraint. 

Preheating was not necessary ex­
cept for the CA-15 weldments which 
were preheated at 400 F (204 C) (Ref. 
4). 

The heat treated conditions of the 
castings prior to welding are given in 
Tables 5 through 8. 

Examination 

All castings were radiographed be­
fore welding. After welding, the weld­
ments were radiographed, cut into 
slices, polished, etched, and examin­
ed for defects at a magnification of 30 
times. 

Side bend tests were made over a 
1-1/4 in. (32 mm) diam mandrel on 
1/8 in. thick slices of the 1 in. thick 
joints. 

Testing 

Measurements were made of hard­
ness, tensile properties. Charpy V-

notch impact and corrosion resis­
tance. The specific tests run on each 
weldment are given in Table 3. 

The hardness measurements were 
obtained in 1/4 in. (6 mm) intervals 
traversing the base metal, heat-af­
fected zone and weld. An average of 
36 base metal readings, 18-26 read­
ings in the heat-affected zone and 12-
14 readings in the weld were ob­
tained on the cross sections of the 
large cast repair specimens (Fig. 3). 

Tensile specimens were obtained 
from transverse slices of the cast re­
pair weldments (Fig. 3) from both 
transverse and all-weld-metal sec­
tions of butt joints (Fig. 4) and from 
the u n w e l d e d base m e t a l . The 
specimens from the cast repair weld­
ments which were machined from the 
upper portion of the weldment had a 
reduced section consisting of all-
weld-metal and a threaded section 
which was base metal. The specimens 
obtained from the lower portion of the 
cast repair weldments and the butt 
joints had a reduced section which 
contained base metal, heat-affected 
zone and weld metal. All-weld-metal 
specimens were also obtained in the 
longitudinal direction from the 1 in. 
thick weldment made by the SMAW 
process. 

The C h a r p y V - n o t c h i m p a c t 
specimens were obtained from un­
welded base metal and from butt 
joints in which the notch was in the 
plane perpendicular to the welding 
direction and through the thickness of 
the weld metal. 

Atmospheric corrosion tests were 
made on the IN-833 and CA-15 weld­
ments (Fig. 5). The reinforcements 
were removed by machining prior to 
exposure. The samples were ex­
posed for one year at the 800-foot lot 
of The Internat ional Nickel Com­
pany's Francis L. LaQue Corrosion 
Laboratory at Kure Beach, North 
Carolina. 

Postweld Heat Treatments 

The postweld heat treatments used 
are listed with properties in the ap­
propriate tables. 

Results and Discussion 

The results are discussed in two 
parts. The first section discusses the 
welding of IN-833 with the welding 
products developed for the alloy, and 
the second discusses the welding of 
CA6NM with IN-833 welding products. 

Welding of IN-833 

Soundness. All IN-833 weldments 
welded with matching filler metal and 
the covered electrode were sound. 
Six to 24 faces were examined in each 
weldment. Some minor porosity was 
observed radiographically, but the 
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Table 2 — Filler Metal, Core Wire and Deposits 

Code Type C 

10 
11 
12 
13 
14 

15 

Bare wire 
Bare wire 
Core wire 

Bare and core 
Weld deposit from 

Code 12core<a> 
Weld metal, Code G .018 

Si 

.38 

Mn Ni Cr Al Ti 

.021 

.024 

.043 

.008 

.040 

.78 

.74 

.79 

.70 

.32 

.05 
<.10 

.04 

.07 

.71 

7.6 
7.6 
7.5 
7.1 
7.4 

11.5 
11.8 
11.1 
11.3 
12.4 

.04 

.05 

.07 
<.02 
<.005 

.09 

.06 

.07 
< 0 2 
<.005 

.008 

.005 

.005 

.005 

.006 

<.002 
.002 
.003 
.002 
.017 

.62 7.4 11.6 .01 .02 .006 .012 

(a) Undiluted weld metal composition 

Table 3 -

Weld 
code 

A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
L 
M 
N 
O 

P 

R 

(a) Visual ex 

- Weldments and Applicable 

Base metal 
type code 

IN-833 
IN-833 
IN-833 
IN-833 
IN-833 
IN-833 
IN-833 

CA6NM 
CA6NM 

— 
IN-833 
IN-833 
IN-833 
IN-833 

CA-15 

CA-15 

— 

2 
3 
1 
6 
5 
6 
6 
8 
8 
— 
6 
6 
6 
6 
9 

9 

— 

Filler 
metal 
code 

10 
10 
10 
12 
10 
11 
13 
13 
13 
11 
12 
12 
13 
13 

None 

None 

E-308-16 

animation at 30X of prepared slices 
(b) Transverse tensile properties 
(c) All weld 
(d) Charpy V 

metal tensile properti es 
-notch impact strength 

(e) Bend tests 

* 4 " 

ft" 

- I 

Tests 

Process 

GMAW 
GMAW 
GMAW 
GMAW 
GMAW 
SMAW 
SMAW 
GMAW 
SMAW 
SMAW 
GMAW 
GMAW 
SMAW 
SMAW 
GTAW 

GTAW 

SMAW 

(f) Compos 

Type weld 

Repair (Fig. 1) 
Repair (Fig. 1) 
Repair (Fig. 1) 
Repair (Fig. 2) 

3/4 in. butt joint 
5/8 in. butt joint 

1 in. butt joint 
1 in. butt joint 
1 in. butt joint 

Weld Pad 
Repair (Fig. 5) 
Repair (Fig. 5) 
Repair (Fig. 5) 
Repair (Fig. 5) 
Autogenous 

bead on plate 
Autogenous 

bead on plage 
Weld Pad 

tion 
Ig) Corrosion 
(h| Operability 
(i) Hardness traverse 

»~i I . i" J 

*n p i 

Tests 

a, b, i 
a, b, c, i 
a, b, c, i 

a 
a, b, d 

a, b, d, h, i 
a, b, c, d, f, h 
a, b, d, e, i 
a, b, d ,e , i 

f 

g 
g 
g 
g 
g 

g 

h 

h"H 
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Fig. 4 — Location of tensile and CVN impact specimens, 1 in. thick joints 

degree of porosity was within the 
allowable limits of Section VIM of the 
Unfired Pressure Vessel Code. 

The prior condit ion of the castings 
(as-cast, fully hardened, or over-
aged) did not affect the welding re­
sponse. 

Operability. The covered electrode 
operated satisfactorily. The welders 

rated the electrode in the downhand 
position for arc stability, melting rate, 
slag coverage, slag removal, slag 
fluidity, weld fluidity, bead appear­
ance, and transfer. The operating 
characteristics were noted when mak­
ing joints and also when preparing 
weld pads for chemical analysis. 
Qualitatively, the operability of the ex­

perimental covered electrode was 
rated slightly below the E308-16 elec­
trode. However, sound joints were 
made without difficulty. 

Deposit Composition. The com­
positions of the deposits obtained 
from two covered electrode welds are 
given under Codes 14 and 15 (Table 
2). Both deposits had slightly lower 
silicon and higher manganese con­
tents than the original core wire, 
Codes 12 and 13. 

Mechanical Properties 

Hardness. Hardness traverses 
were obtained on the IN-833 weld­
ments coded A, B, C and F, The mult i­
pass welds (15 passes for SMAW and 
24 passes for GMAW) had higher 
hardness than the base metal, Code 
6, whether tested as-deposited on as-
cast or heat treated base metal or 
heat treated after welding. The higher 
hardness of the weld metal in these 
multipass welds was probably due to 
aging during the welding operation. 

A difference in hardness within the 
heat-affected zone was observed on 
as-welded material when welded in 
the overaged condit ion, 1h 1900 F 
(1038 C) plus 4h 1100 F (593 C) Weld 
C. The average hardness adjacent to 
the weld metal was 4 Rockwell C 
points harder than the area near the 
unaffected base metal. The hard layer 
etched differently than the remainder 
of the heat-affected zone and was 
probably age hardened martensite 
formed and aged during the welding 
operation. This phenomenon was not 
observed with the other preweld treat­
ment, 1h, 1900 F (1038 C) plus 3h, 850 
F (454 C) Weld A, or with any post­
weld heat treatment including over­
aging, Weld B. 

Base Metal Tensile and Impact 
Properties. The unwelded base metal 
properties are given in Table 4. All 
heats had the desired 145 ksi (1000 
MPa) minimum tensile strength when 
aged for 3 h at 850 F (454 C). Charpy 
V-notch impact energy varied with 
this aging treatment from 26 to 45 ft-
lb. When aged at 1000 or 1100 F (538 
or 593 C), a good combination of 
strength and toughness was also ob­
tained. Tensile strength varied be-
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tween 122 and 142 ksi (842 to 980 
MPa) and toughness was in the range 
of 23 to 60 ft-lb (31 to 81 J). 

Weldment Tensile and Impact 
Properties. Transverse tensile and all-
weld-metal properties were obtained 
from repaired castings and butt joints 
(Tables 5, 6 and 7). The results are 
discussed separately below. 

Transverse Tensile Properties of 
Cast Repair Weldments — GMAW 
Process. The results are given in 
Table 5. These specimens were ma­
chined from the lower portion of the 
weldment (Fig. 3). Specimens from 
weldments A and C were tested in the 
as-welded condition, with the base 
metal heat treated before welding. 
Code B was welded in the as-cast 
condition and specimens were tested 
as-welded and with a post-weld heat 
treatment. All specimens failed in the 
base metal with 100% tensile strength 
efficiency. 

Transverse Properties of Butt 
Joints — GMAW and SMAW Pro­
cesses. Excellent tensile and impact 
properties were obtained with all ag­
ing temperatures tried on a 3/4 in. (19 
mm) butt joint (Code E, GMAW pro­
cess) and on 5/8 in. (16 mm) (Code F) 
and 1 in. (25 mm) (Code G) thick butt 
joints made with the SMAW process. 
With one exception, all tensile failures 
occurred in the base metal (Table 6). 

Joint efficiencies were 97-100% 
with the 3 h at 850 F (454 C) age, and 
tensile strength was higher than the 
145 ksi (1000 MPa) target. The high 
tensile efficiencies were obtained in 
conjunction with high toughness, 49 
ft-lb (66 J) for the GMAW process 
weldment and 30 to 34 ft-lb (41 to 45 
J) for the SMAW weldments. 

Some low values of ductility were 
obtained on one weldment, Code G, 
when aged at 1000 and 1100 F (538 
and 593 C); however, these were at­
t r i bu ted to fa i lu re loca t ion and 
specimen design rather than inher­
ent poor ductility. 

All-Weld-Metal Properties. Tensile 
properties were obtained on all-weld-
metal specimens taken from the 1 in. 
butt joints (SMAW) process) after ag­
ing at 850, 1000 and 1100 F (454, 538 
and 593 C) and on as-deposited 
spec imens ob ta ined f r om three 
GMAW casting repair weldments 
(Table 7). 

The latter specimens were ma­
chined from the upper portion of the 
casting repair weldments (Fig. 3) and 
consisted of weld metal in the re­
duced section and base metal in the 
threaded area. 

Tensile strength of the SMAW pro­
cess weld metal ranged from 127 to 
159 ksi (876 to 1097 MPa), depend­
ing upon the aging treatment used. 
Charpy V-notch impact energy varied 
inversely with tensile strength and 
ranged from 35 to 71 ft-lb (47 to 96 J). 

The as-deposi ted tensile p rop­
erties obtained from the GMAW pro­
cess weld metal taken from three dif­
ferent casting repair weldments were 
consistently high, 151 to 152 ksi (1041 
to 1048 MPa). Charpy V-notch im­
pact energy was not determined on 

these three weldments. 
Rust Resistance. The results ob­

tained after one year's exposure at 
Kure Beach, North Carolina are given 
in Table 8. The face of the corrosion 
panel exposed skyward consisted of 
both weld and base metal (Fig. 5). The 

HH- -H*i"-H ĥ T 
3 /8 THICK 

GROOVE FILLED 
WITH WELD METAL 

EXPOSED 
GROUNDWARD 

EXPOSED SKYWARD 

Fig. 5 — Corrosion specimen 

l / 4 "DEEP 

Table 4 — Base Metal Properties 

Code 

Aging<a> 
temp. 

F 

(b) 
850 
850 
850 
850 
850 

1000 
1000 
1100 
1100 
1100 
1100 

700 ( c ) 

1100 ( c ) 

0.2% 
YS, 
ksi 

126 
138 
135 
145 
144 
138 
135 
122 

80 
77 
82 

102 

132 
95 

UTS, 
ksi 

IN-833 

141 
145 
146 
157 
159 
155 
142 
129 
122 
127 
125 
122 

CA6NM 
166 
117 

% 
elong. 

1 in. 

2 
11 
13 
16 
11 
13 
10 
18 
19 
17 
16 
19 

11 
24 

% 
RA 

6 
29 
53 
56 
53 
51 
30 
61 
54 
64 
38 
59 

32 
68 

ft-lt 

— 
45 

— 
37 
26 
30 
23 
45 
55 
53 
41 
60 

33 
75 

Charpy V-Notch 
lat. 
exp. 
mils 

22 

41 

19 
62 

(a) 1 h. 1900 F, air cool, then aged 3 h as shown 
(b) As cast 
(c) 1 h, 1825 F, air cool, then tempered 2 h as shown 

Table S — Tensile Properties of Transverse Weldments 
from Repaired Castings — GMAW Process'8) 

Weld 
code 

B 
A 
C 
B 
B 

Preweld base 
plate cond. 

As cast 
1 h/1900 F + 3 h / 8 5 0 F 
1 h/1900 F + 3 h /1100F 

As cast 
As cast 

Postweld 
condition 

As welded 
As welded 
As welded 

1 h/1900 F + 3 h/850 F 
1 h/1900 F + 3 h/850 F 

UTS 
ksi 

143 
145 
135 
159 
155 

% 
RA 

8 
31 
47 
38 
52 

(a) Joint efficiency (tensile) for all joints was 100%; all failures were in the casting. 
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groundward side was base metal on­
ly-

Allowing for a ± 5 % accuracy in 
measurement, the IN-833 weldments 
made with both the GMAW and 
SMAW processes, and in either heat 
treated condit ion, were equivalent to 
or approximately equivalent to CA-15 
in rust resistance. 

The weld metal of the GMAW pro­
cess weldments was more rust resis­
tant than the weld metal of the SMAW 
process weldment, with both aging 
treatments used. 

A definite effect of aging treatment 
was observed on the base metal rust 
resistance (groundward side). The 
fully hardened IN-833 (Condition 2) 
was equal to or more rust resistant 
than CA-15 in both tests and not as 
rust resistant when overaged (Condi­
tion 3). The IN-833 had scattered in­
cipient pitting and the CA-15 had 
broad shallow areas approximately 2 
to 4 mils deep. 

Welding CA6NM with 
IN-833 Filler Metal 

This part of the investigation was 
based upon the results obtained on 1 
in. (25 mm) thick weldments rep­
resented by Codes H and I. 

Soundness. The weldments were 
sound when examined visually and 
underwent a 180 deg bend test suc­
cessfully in both heat treated condi­
tions. 

Hardness. No unusual hardening or 
softening was observed in the heat-
affected zone of any of the weld­
ments. 

Mechanical Properties. Tensile and 
CVN impact test results for the un­
welded base plates are given in Table 
4 and for the weldments in Table 6. 
The impact resistance of the weld­
ments was either equal to or higher 
than the unwelded base metals in 
both heat treated conditions with 
100% tensile joint efficiency at the 
lower tensile strength level (117 ksi, 
807 MPa) and 94-97% joint efficiency 
at the higher tensile strength level 
(166 ksi, 945 MPa). 

The IN-833 we ld ing p roduc t s , 
therefore, appear to be suitable for 
welding CA6NM. 

Summary and Conclusions 

IN-833 can be welded by the 
GMAW and SMAW processes with a 
matching composit ion bare filler wire 
and a covered electrode consisting of 
a matching composit ion core wire 
plus a lime-titania flux. No preheat­
ing is required. 

Simulated major casting defects 
ranging in size from 22 to 50% of the 
thickness of the casting were re­
paired without difficulty. These re­
pairs were made on castings in the 
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Table 7 — All Weld Metal Properties 

Weld 
code 

B 
A 
C 

G 
G 
G 

Pro­
cess 

GMAW 
GMAW 
GMAW 

SMAW 
SMAW 
SMAW 

ile properties 

Postweld 0.2% 
heat YS, UTS 
treat ksi ksi 

None ( a ) 143 151 
None ( a ) 140 152 
None<a> 143 152 

(b) 137 159 
(c) 132 137 
(d) 104 127 

obtained from 3 different weldments consisting 

% 
Elong. 

1 in. 

15 
17 
16 

18 
18 
22 

of weld metal 

% 
RA 

58 
65 
61 

64 
62 
67 

in gage lei 

CVN 
(ft-lb) 

— 
— 
35 
48 
71 

igth and base 
metal in threaded section (Fig. 3) 

(b) 1 h. 1900 F. air cool, plus 3 h, 850 F, air cool 
(c) 1 h, 1900 F, air cool, plus 3 h. 1000 F, air cool 
(d) 1 h, 1900 F, air cool, plus 3 h, 1100 F, air cool 

Table 8 — Rust Resistance Compared to CA-15 (•) 

Code 

O 
P 
K 
L 
N 
M 

Pro­
cess 

GTAW 
GTAW 
GMAW 
GMAW 
SMAW 
SMAW 

Base 
metal 

CA-15 
CA-15 
IN-833 
IN-833 
IN-833 
IN-833 

Condi-
tion<b> 

1 
1 
2 
3 
2 
3 

% Covered, 
Skyward Groundward 

overall weld overall<c) 

75 IR 
75 IR 
80 SR 
80 R 
60 SR 
80 R 

75 iR 
75 iR 
60 SR 
60 R 
70 SR 
75 R 

45 XR 
50 XR 
45 iR 
65 XR 
30 SR 
90 XR 

(a) After 1 yr exposure in 800-foot lot at Kure Beach, N.C. 
(b) Condition: (1) 2 h, 1850 F, air cool + 2 h, 1300 F. 

air cool before welding + 2 h, 1300 F, 
air cool after welding 

(2) 1 h. 1900 F. air cool + 3 h, 850 F. air cool 
(3) 1 h. 1900 F, air cool + 3 h, 1100 F, air cool 

(c) Groundward side was all base metal. 

Codes: R = Rust: SR = Slight Rust; iR - moderate rust: 
XR = Heavy Rust 

as-cast, fully hardened and overaged 
conditions. 

Sound butt joints were made up to 
1 in. (25 mm) thick with tensile prop­
erties and impact resistance equal to 
or better than the unwelded castings. 
Useful properties can be obtained on 
IN-833 weldments at strength levels 
from 120 to 145 ksi (827 to 1000 MPa) 
tensile strength by varying the aging 
temperature. The IN-833 weldments 
had rust resistance equivalent to CA-
15 based on one year atmospheric 
exposures at Kure Beach, North 
Carolina. 

The welding products are also use­
ful for welding alloy CA6NM. 
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Minimum Requirements for 
Training of Welders 

AWS E3.1-75 
This document will guide those wishing to establish or evaluate 

vocational, technical, or industrial welder training programs, whether in 
public, private, or industrial schools. Such training must be of the quality 
and quantity required by the welding industry; otherwise the trainees 
will be unemployable. 

The document gives minimum requirements for instruction in five 
major welding processes and one cutting process: 

Shielded Metal Arc Welding 
Gas Tungsten Arc Welding 
Flux Cored Arc Welding 
Oxyacetylene Welding (and Oxyfuel Gas Welding) 
Oxygen Cutting. 

School boards, administrators, welding instructors, parents, em­
ployers should measure the quality and quantity of instruction in their ed­
ucational system with this document. 

The list price of Minimum Requirements for the Training of Welders 
is $2.00. Discounts: 25% to A and B members; 20% to bookstores, public li­
braries and schools; 15% to C and D members. Add 4% sales tax in 
Florida. Send your orders to American Welding Society, 2501 N.W. 7th 
Street, Miami, Florida 33125. 
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1975 STRUCTURAL WELDING CODE 

The new edition of the Structural Welding Code, AWS 
Dl.1-75 is here — completely revised with important require­
ments that you need to know. 

Automatic Revision Service 
The price of both the looseleaf and the soft-cover 

bound versions of the 1975 Structural Welding Code includes 
the 1976 and 1977 Revisions, automatically sent to you as 
they are published. 

Sturdy 3-Ring Binder 
The heavy-duty vinyl binder will hold the Structural 

Welding Code, the soon-to-be published Code Commentary, 
and the Reinforcing Steel Welding Code, AWS D12.1-75 (the 
latter two documents to be sold separately). The binder in­
cludes dividers for the main sections of Dl.1-75 as well as the 
other two publications mentioned. 

A limited number of soft cover bound copies is available. 

Structural Welding Code 
1. Looseleaf text, Dl.1-75, in binder with dividers plus 

1976 and 1977 revisions $25.00 
2. Soft cover bound text, Dl.1-75, plus 1976 and 1977 revisions $24.00 

Reinforcing Steel Welding Code, AWS D12.1.75 soft-cover, bound $5.00 
Code Commentary, soft-cover bound Price not set 

Discounts: 25 percent to A and B members; 20 percent to bookstores, 
public libraries and schools; 15 percent to C and D members. Add 4 per­
cent sales tax in Florida. Send orders to: American Welding Society, 2501 
N.W. 7th St., Miami, FL 33125. 
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