THE PROCESSES

Arc Stud Welding
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1)stud and ceramic ferrule against the work plate 2) stud lifts and arc is drawn 3) control times out and stud plunges into molten
steel 4) metal solidifies and weld is completed in a split second

Arc Stud Weiding involves the same basic principles and metallurgical aspects as any other arc welding procedure, in that a con-

trolled electric arc 1s used to melt the end of the stud or electrode and a portion of the base metal. The stud is thrust automatically into
the molten metal and a high quality fusion weld is accomplished where the weld is stronger than the stud itself. Stud Welding is applicable
to miid steel, stainless steel and aluminum.

Welded fasteners or studs may be aimost any size, shape, or type and there are literally hundreds. however, they must be made of

weldable materials and one end of the fastener must be designed for welding. Conventional DC welding machines of all types may be used,

but special power units designed specifically for stud welding are also available

Capacitor Discharge
Stud Welding
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1) stud against work 2] stored energy discharged through special weld “timing"” tip and stud starts downward 3) stud forced
into moliten metal 4) metal solidifins and weld is completed in a split second

Capacitor Discharge {CD) Stud Welding is also a semi-automatic arc welding process. However, with CD welding smali diameter
fasteners {1/4" and under) are end welded to extremely thin gauge parent metal. The CD process operates on the principle of capacitor
stored energy which is instantaneously discharged by the equipment system through a special weld “timing” tip. Since the entire weld
cycle is completed in several milliseconds, welds can be made to thin sheet without pronounced distortion, burn-through or discoloration
CD weiding permits stud welding of dissimilar metals
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GENERAL INFORMATION

Basic engineering specifications which cover all of the studs listed in
this publication regardiess of size or shape are detailed below.

STUD DIMENSIONS (After Weld Length)

The length dimension (L) carried throughout the specifications is
the overail length of the stud Before Weld. The After Weld length will
be shorter dependent upon the size of the stud as shown in the
following table.

Stud Oiameter Length Reduction

35" Dia. Through '/," Dia. g"

S/g" Dia. Through /" Dia. 36"

1" Dia. and QOver 3" - My"
MATERIALS

All of the studs shown are avatiable in mild or stainless steel. When
a stud is stocked, the steel grade it is stocked in s indicated.

The low carbon steel or mild steel studs conform with reasonable
limits to the analysis shown.

P - 0.040% Max.
S - 0.050% Max.

C - 0.23% Max.
Mn - 0.90% Max.

Stainless Steels: Stainless steels most commonly used are types 304
or 305. Other grades of 300 series stainless steels are available
{except $S-303) when required.

Aluminum: In aluminum, alloy 5356 is most commonly used for stud
welding.

THREADS

The standard threads on studs are UNC-2A. Other threads are avail-
able on request. Standard maximum thread length is 3".

FLUX

All Studs '/," diameter and over are solid fluxed. Below '/," diameter
sofid flux or non fluxed studs are available upon request. The rec-
tangular studs shown in this publication are not fluxed.

MECHANICAL PROPERTIES
(as cold drawn)

ANNEALING

S.W.A. Studs can be annealed to a maximum of 75 Rockwell B for
low carbon steel and 85 Rockwell B for Stainless Steel. An extra
charge is applicable for annealing and will be quoted if desired.

GROERING

Each stud ordered should be listed separately along with the appropriate
ferrule. The stud style should be specified as well as the length, diameter,
material, and quantity required.

Your SWA representative will be happy to advise you on the aces-
sories required for welding the stud ordered. He is also available to
aid in determining the proper anchor type and placement.

OELIVERIES

Delivery on stock items will be made within 3 days following date
of receipt of an order. Non-stock items or special items which require
manufacturing will be acknowledged in writing with a delivery
promise.

EXTRA CHARGES

A non-stock or special stud that requires manufacturing may be
subect to a set-up charge for setting dies onto the machines and
changing production processes.

With approval by SWA, a non-stock item may be given production
priority if required before the acknowledged delivery date. Should
such service be required and approved the customer will be charged
an extra “break-in” fee for this service.

Stock items are not subject to additional charges.

Packing other than standard and export packing is subject to extra
charge and quotation wili be made on request.

For stud dimaters, lengths and materials other than shown —
Consuit your SWA Field Sales Representative.

Reduction
Stud Type Material Tensile {ultimate) In Area
PT.FT,FB,RB C-1010/C-1020 55,000 psi Min. 50% Min.
TF, CK, SB, NT ASTM-A108
R6, R7, R2
HA, SC C-1010/C-1020 60,000 psi Min. 50% Min.
AWSD1.1 & ASTM-A108

DA Low Carbon/ASTM 496 80,000 psi Min. —_
cD C-1010/C-1020 50,000 psi Min. -

ASTM-A108




STUD TENSILE-TORQUE STRENGTHS

The graphs shown here and on the following page provide a simple wrench manufacturer’s tests, recommendations of several nut and
method for obtaining wrench torque and tensile strength data for bolt manufacturers and generally accepted formulas.

various thread and weld bases. F 2

find the viel L I [k The graphs are reasonably accurate. However, because of the vari-

ind the yield strength of all weld base diameters, the yield strength ; i i

of the various threaded sections. and the torque-tension relation at  301¢ ffecting the torque-tension refation, they should be used only
' as a guide. Steel strength, thread finish, lubrication, washer type,

loads varying from minimum to maximum. Information gathered pee
for these graphs was obtained from the result of a leading torque hardness and many other factors can tause variations.

WELD BASE DIAMETER [INCHES)

100 150 200 250 .300
2 | Ll TR I L | L
19
18
\7 |
o 5/16-24 NF HOW TO USE THE GRAPHS
18 7 Scale along the top of each graph
] represents weld base diameter in
15 i - 5/16:18 NC inches, while the one at the graph's
I y | bottom edge shows tensile load in
14 /( pounds. A separate line is plotted for
| / ] each thread diameter. The solid por-
13 { ¥ ‘ tion of each line terminates at a smail
| | dot which represents the tensile yield
g " i ‘ of the national coarse thread. A
= T i lashed line is then extended to a
2 | second dot at the tensile yield load of
st /] 1 the national fine thread.
g " LT
= Graphs are based on 55,000 psi
§ 9 /ﬁ 1/74.28 NF strength steel. Of course, in actual
S 21y 4 practice, a stud should never be
/ ' used at its yield load. A factor of
7 /| w /4-20 NC safety must be applied. It is general-
/ ly recommended that studs be used
6 y. /| at no more than 60% of yield.
/’ / However, the factor of safety may
5 / vary up or down, depending on the
A particular application. The user will
4 V.44 make this determination.
/A /%1032 NF
[ }
3 A 1024 ne
? -
L/
) LA
0

500 1000 1500 200} 2500 3000 3500 4000 4500

TENSILE LOAD (POUNDS)
YIELD POINTS BASED ON 55.000 PSI STEEL

[ 3/16, 1/4, 5/16 INCH DIAMETER STUDS ]




— SONLS YILIW¥IO0 HINI b/1-1 8/11 'L B/L v/E SONLS HILIWVIO HONI 8/ 9176 2/1 91/( B/E _

13318 1S4 000'SS NO OISV SINIOJ 01314 13315 iSd 000'SS NO GISYE S1INIOd 01314
ISONNG4] OVOT IUSN3L ISONNOdI 0V01 3NSNIL

G00S: 0000/ 00CSY (OO ONOSS 00005 00OSY MOOE 0005t DOOOT OOS/  003O  0ONS: ooon oS

ISONNO4 10031 3In0¥0L

1] 00051 000PI DOOEI 000ZI 00O 1! 0OCO! 0006 OOO8 O0DG. 0008 00OS OO  0OOC 0002 0001
A S 10 1 I OO 8 3 : -t HA A T
i
vs\ 0o |11 1441 L =8 \“um
el o | ) 6 ) 4.1 P eb s
)7 - THHTT 1 worwe oA | H
7' N $2B/E
INOI bE id i 1D yi1%af gfa’
T i i ) ...m.\“\ 1 5994954
/ ]
o0t = HHIHTH I 9i/t e A A
‘.\v\ N 0291/ a0a0ieid
o T [RT ) - - - LA N 597%40%0%
ING B/ _\\ . T ; 1A
[ _. 1 \4
44 1+ } + 4+ - - 4 1 4 -
e T e S S S SN - dNbLR .\\\\F IS I S mzn_m\.\J\\ P h9d
A s 2 1 %40
74 S HTH 44444444 44+ AJ‘\ A ._‘ 4 4
| L LAY I O oz en a1l LA
o \ g Wl L] 1 LM |
\\... o0 o A
i I I :.:_\\ | s g g ] L,»\ L/ ] ni
A/ e IN 24 91/6
{ 00! ] W R gVEs _y-r
v/ it
i BB it FWiil 0 N 8101/6 9 T
_u { n\__\. - I“L L. | | % & -t L
__mv_ in _. T T T T
W28 e . 3 0 B :
\ 006 ] GENEEUREEGNE AN A1l
N1ig/
ot T HE iy T
Wiviy 000!
| 4 ] | 1 BiEN 1 1
[T 1A L meies
— M 2L ¥/1 il HTRRRE BRARIEN HHH A L
1 11 LTI
T L LI T ___-_ LiLJ ﬂ L
0021 001 1 001 @6 oW 00 009 %05 o 00 o o, L O
ISIHINN B3LIWVIO ISVE 01IM ISIHIN §ILIWYIO ISVE 01IM

e ©




STUD TENSILE-TORQUE STRENGTHS
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ACCOMMODATING THE FILLET

When a stud is end-welded, a fillet forms around its base with the fillet
dimensions being closety controlied by the design of the ferrule used.
Since the diameter of the fillet i1s generally targer than the diameter of
the stud, some consideration 1s required n the design of mating parts.
Counter bore and counter sink methods are commonly used. Dimensions
will vary with studs and ferrules. Additional methods of accommodating
fillet include over sized clearance holes, use of a gasket matenal around
the fillet or use of a dog type construction.

FILLET CLEARANCE FOR ELECTRIC-ARC WELDED FULL BASE STUDS
Y000t SR r3
i“"“ A — >\45
STUD SIZE COUNTERBORE 90° COUNTERSINK

(in.) (in.) (in.)

A B C

Y 0437 0.125 0.125

%6 0.500 0.125 0.125

W 0.593 0.12% 0.125

e 0.656 0.187 0.125

'/; 0.750 0.187 0.187

% 0.875 0.218 0.187

% 1.125 0.312 0.187

(a) Oversize clearancs hols {b) Gasket material

Weided studs designed with reduced weld bases
so that weid fillet does not exceed maximum
diameter of fastener. This design i1s not recom-
mended if fastener strength is important,

"
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TEMPLATE DESIGN FOR STUD LOCATING

TEMPLATE

(MO

] STUD

This method of templating 1s recommended for use with all ferrules.
The template is usually a steel plate 3/," to 3/,5" thick. Spacers are
required to allow the gases to escape during the welding cycte The
ferrule can be held by a standard ferrule grip or where clearance is

WORK

[—- 093 MIN. FERRULE SPACER
[ \ VIS I IS T I B IS TS l% %/

prohibitive a tube type set-up can beused. The recommended hole sizes
on the template to locate the ferrules should equal the maximum out-
side diameter of the ferrule plus /5" Holes may be drilled or bored
atreguired locations. See stud specification sheets for ferrule detail.

BUSHING (OPTIONAL)

TEMPLATE TUBE 12" and

P St FoOT

f ' Stud

: : Size D L
L

ADAPTOR AT 1.250 | 2.000

Y

t— D
EBONITE OR ; %-1*

MASONITE TEMPLATE ] y

5"
"-_./‘3,5"’ 1562 | 2500

L
Bt | 2125 | 2500

i
STANDARD GRIP  * WORK FERRULE

This method of templating is recommended for use with all stud styles.
The design makes it possible to accurately hold angular alignment
of the studs as well as stud location. The template should be made of
ebonite or masonite of a thickness sufficient to afford good alignment.
Bushings may be used to insure greater accuracy and extend the life of
the tempiate. Standard copper ferrule grips are used with the tube

[ 4-[——( SPACER C'

adaptor. This permits standardization of templates since it is only
necessary to change the copper ferrule grip to weld studs of different
diameters. The hole diameter of the bushing or template should be
approximately .010 larger than the maximum outside diameter of the
template tube adaptor.

RECOMMENDED MINIMUM PLATE THICKNESS OF STEEL
AND ALUMINUM FOR ELECTRIC-ARC STUD WELDING

BASE DIA. STEEL ALUMINUM

OF STUD WITHOUT BACKUP WITHOUT BACKUP | WITH BACKUP
(in.) (in) (gage) (in.) (in.)
0.187 0.0359 20 0125 0.125
0.250 0.0478 18 0.125 0.125
0.312 0.0598 16 0.187 0.125
0.375 0.0747 14 0.187 0.187
0.437 0.0897 13 0.250 0.187
0.500 0.11% 1 0.25 0.250
0.625 0.148 9 0.250
0.750 0.187
0.875 0.250
1,000 0.375

vt



WEIGHT CHART

ESTIMATED WEIGHTS OF THREADED STUDS IN POUNDS PER 1000 PIECES

LENGTH Y dia. S dia. % dia. s dia. Y dia. % dia. % dia. h dia,
% 83 128 188 255 %5
1 110 17.0 250 340 46.0 70.0
1 138 213 313 425 575 87.5 1338
, 1% 165 255 375 51.0 69.0 105.0 160.5 2438
1% 193 298 438 59.5 80.5 1225 187.3 284.4
2 220 340 50.0 68.0 92.0 140.0 214.0 325.0
2 248 383 56.3 76.5 1035 157.5 240.8 165.6
| 2% 275 425 625 85.0 1150 175.0 2675 406.3
2, 303 468 68.8 935 126.5 1925 2943 446.9
3 33.0 51.0 75.0 102.0 138.0 210.0 3210 4875
3y, 358 55.3 81.3 110.5 1495 2215 34738 528.1
3, 385 59.5 875 119.0 161.0 2450 3745 568.8
3, 413 6338 933 1275 1725 262.5 401.3 609.4
8 440 68.0 100.0 136.0 184.0 280.0 428.0 650.0
" 46.8 723 106.3 1445 1955 2975 4548 690.6
4y, 49:5 76.5 1125 153.0 207.0 315.0 4815 7313
8, 523 80.8 1188 1615 2185 3325 508.3 7719
5 55.0 85.0 125.0 1700 230.0 350.0 535.0 8125
Coiaadss Besril) 17.0 25.0 340 46.0 70.0 107.0 1625
FERRULE 20 25 30 35 40 5.0 10.0 12,0

ESTIMATED WEIGHTS OF NO-THREAD STUDS IN POUNDS PER 1000 PIECES

LENGTH Vedia.  Ydia  Yedin.  %dia. i dia. Y dia. % dia. Y, dia. % dia,
% 60 105 16.4 235 319 417

1 8.0 140 218 313 425 55.6 86.6
1% 10.0 175 273 3.1 53.1 69.5 1083 156.0
1% 120 210 327 470 638 834 1299 187.2 2250
1% 140 245 382 548 744 97.3 1516 2184 2975
2 16.0 280 436 626 85.0 1112 1732 249.6 3400
2, 180 315 49.1 704 95.6 125.1 1949 280.8 3825
2% 200 350 54.5 783 106.3 1390 2165 3120 4250
2 220 385 60.0 86.1 1169 1529 2382 3432 4675
3 240 420 65.4 939 1215 166.8 259.8 3744 510.0
3 2.0 455 709 1017 138.1 180.7 2815 4056 5525
3 280 490 76.3 1174 1488 1946 3031 4368 595.0
3, 30.0 52.5 8138 125.2 159.4 2085 32438 468.0 6375
4 320 56.0 872 1252 1700 2224 346.4 4992 680.0
4, U0 59.5 927 1330 1806 236.3 368.1 530.4 1225
ai4 36.0 630 98.1 1409 1913 2502 3897 561.6 765.0
4% 38.0 66.5 1036 148.7 2019 264.1 4114 5928 8075
5 40.0 70.0 109.0 156.5 2125 278.0 4330 624.0 8500

e ) 140 218 313 425 55.6 86.6 1248 1700

FERRULE 30 35 40 5.0 6.0 75 9.0 210 370




