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ABSTRACT

This report presents the resw.ts of field strength Dl8asure
ments made on 152 RF welders in commercial installations in the
United States. The data emphasizes the importance of a good
low-impedance ground and good shielding in reducing radiation.
Am empirical formula for attenuation of field with distance is
obtained which may be used to extrapolate the radiated field
from an RF welder measured with quasi-peak detection at distances
between 100 and 2,000 feet. On the basis of this formula, three
fifths of the measured installations radiated less than 15 micro
volts per meter at 1,000 feet.
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10 INTRODUCTION:

In 1962, field engineers of the Federal Co11lDlUnications Commission
ueasursd the radiation from a nwnber of radio frequency stabilized arc
welders (hereafter referred to as RF welders) located in various parts
of the United Stat~s, to determine the magn!tude of the electromagnetic
field radiated by such RF welders. This report presents an analysis of
these ueasureuents.

RF welders use radio frequency (RF) energy to initia.te and to
stabilize the arc when welding nonferrous uetals such as aluminum.
The RF enerQ' is generated by means of a spark gap and radiation occurs
over a broad band of frequencies centered at approximately threeuega-'
cycles per second (3 Mc/s). This report is not concerned Vith radiation
trom conventional Ft welders, whioh are considered to be incidental
radiation devioes W and as such are regulated b;r Part 15 ot the FCC
Rules.

II. HISTOHI OF WELDER REGULATION:

In 1948, the Commission a~o~ted rules regulating the conditions
under vhioh miscellaneous IS{ 61 equipment can be operated without a
license in aocordance with Part 18 ot ,the FCC Rules. RF welders are
olassed as miscellaneoY4 equipme~t since the RF energy is used for ,;
the ionizationot gas U at the welding electrodes in order to. permit
initiation ot the arc without contamination of the weld by oontact
Vith the electrode. As miscellaneous equipment, RF velders would be
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subject to a radiation limit ot 15 microvolts per meter (uv/m) at 1,000'
feet on frequencies outside the ISM bands. On the basis ot a welding
industry report that no equipment had been designed which could comp17
with this ]j.mit and stiU weld satisfactoriq, a delay was granted in "
the etfectiv~date ot Part 18 as it applied to RF welders. In 1952,
these welders were.plac~d under temporaryregu:J.ationswhichimp()s~da
radiation limitot 10 uv/m at one mile tor a period ottwo 7ears. This
time limit was extended three timasand, in 1955, the temporary regula
tions were continu~d. indefiniteq pending final· action in Docket Pro
ceeding No. 11467.,:/

III.THEREGULATORI PROBLEMa

The Commission's regulation of RF welders is designed to minimize
interference to all licensed serviQes.Consequently', the rules contain
limits on the radiated field strength at a specified distance as noted
in the preceding paragraph. Sinceit is frequently' impossible to measure
radiation at the specified distance along the radial of maximum radia
tion, the rate of field attenuation with distance must be known to deter
mine whether a given RF welder installation complies with the rules.;

In practice, the field at a given dis1;ance is made up ot an induc
tion field component, which is inversely' proportional to the distance
squared (E =~ ), and a radiation Iielei component, which is inversely'
proportional to the distance (E =oj! ). At a distance ot U2Tr (about!!
1/6 wave leJ;lgth) the induction and rad~ation fields are equal. The'
induction field will predominate at c19ser fllistances and will continue
to be a factor out to about 16i1.. The field may also be affected by' re
radiation of energy induced in any :metallic conductor in the Vicinity ot
the welder and conducted to a point near the measuring site. The predic
tion of a value for n (the exponent of d in the equation E.:: *" ) thus
is possible. 01117 in very general terms. .

The measurements reported here resulted in an average value tor n
in the above empirical formula ot 1.45 with a standard deviation ot
:to. 57. These figures apply' to quasi-peak :measurements of radiation from
RF welders over a distance range of 100 to 2,000 feet. With these .!.
limitations in mind, the use. of 1.5 as a value for n appears reasonable
for regulatory purposes, although the rate ot field deca7 with distuce
tor any particular RF welder installation JIII9' vary cons1derab17,rrom
this value. .

IJ/ See FOG Rules, Part 18, Subpart F.
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IV. ANALYSIS OF MEASUREMENTSa

Measurements are reported for 152 welders located in California,
Louisiana, Maryland, Missouri, Oregon, and Washington. These measure
ments were made by FCC field engineers using field strength meters cali
brated at the FCC Laborator;y. Correction factors were provided by the
Laborator;y for those mters not incorporating a quasi-peak detection
oircuit by comparison with masuremnts of RF welder fields made on a
Stoddart NM20B ..

Seventy-two RF welder installations are described in detail in
this report. The radiation from each welder is presented in graphical
form in Figures 1-27, with field strength in microvolts per meter plotted
against distance in feet. Note the change in ordinate values of .Figures
12,19, 21, 22, and 23. Table 1 lists the installation features and
operating environment of each welder. Information is included on'the ,
IJl8thod of grounding, type of building construction, proximity to power
lines, etc., which 1Il8Y' be useful in evaluating the field strength VS.
distance data. A tabulation of field strengths at 1,000 teet as read
from the graphs is also inoluded for each welder.

,Table 2 presents the range of Ef}-ope (the exponent of d in the
previousq discussed expression .E ="di ) for 71 of the welders in
Table 1. No slope is indicated tor welder 16 (Figure 6). A straight
line through the plotted points would. represent virtualq no decay of
field with distance. As noted in Table 1, this is apparentq a case
of re",:"radiation since the radial of maximum radiation follows the power
line and there is considerable unshielded wiring in the vicinity of the
welder. Welder 16 is replotted in Figure 25 as a broken line graph.
Welders No. 61 and 67 (Figures 21 and 23) are likewise replotted in
Figures 26 and 27. The radiation mea~urements reported for these two
welders indicate the possibility of a, cyclic decay' in field. Such a
phenomenon might be explained by' reflected and re-radiated energy com
bining in and out of phase at various distances.-

Field strength masurements on 80 RF welders were reported at only
one or two distances. Although detailed data on these installations are
not included in this report, the measurements are given in Tables 3 and
4. The field strength at 1,000 feet for these welders is .calculated on
the assumption that the field decays at the rate of ?. On this
basis, two-thirds of these 80 welders radiated less thin 15 uv/mat
1,000 teet. Welders 120 - 137 in Tab1e 4 are wortby' of special note
sinoethe first measurement was taken inside the building and the seoond
.asure.nt out"i4e. All these welders were installed in metal buildiDgs
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with the exception of Nos. 126, 127, 131 .. 134 which were operated in
wooden structures. Welders 135-137 were in a metal building with a
perforated metal reinf'orcedconcrete floor well bonded to the walls.
This structure shows an extreme13" high degree of signal attenuation.
The other welders in this group show varyi.ng degrees of attenuation.

v. ANALYSIS OF ENVIROl'NENTAL EFFECTS:

Fifty-four different RF welder models were measured in the 72
installations reported in detail. Seven of these models accounted for
25 of the installations, since some models were used at as many as six
locations. A comparison of installation and environmntal factors and
the field strength at 1,000 feet was made for each of these seven models
to determine the relative importance of welder design and quality' of
installation. Welders Nos.· 5, 12, 21, and 24 are arbitrarily designated
as model A. In like manner, welders Nos. 61 and 68 are designated model
B, welders Nos. 7, .36, 41,46, 51, and 52 are model C, velders Nos. 11 and
.39 are model D, welders Nos. 25, .38, 45, and 58 are model E, welders
Nos. 33, 4.3, 50, and 5.3 are model F, and welders Nos. 19, l:IJ, and 72 are
model G.

All four installations of' model A velders were grounded by conneo
tion to the power line neutral rather than to an earth ground adjacent
to the welder. Nevertheless, two of these welders radiated less than
7.5 uv/m at 1,000 teet. Much higher levels of radiation were reported
for thetvo other model A welders. One unit, installed in a metal
building olost to a 13,000 volt power line, radiated .37 uv/m at 1,000
feet. The ,other welder vas measured along t1 radial passing through, a
10 x 12 foot opening in the wall of' the metal building and produced a
field strength of 22 uv/m' at 1,000 feet.

Four model F and two model C welders were all installed in a corru
gated metal structure haVing about o~e-fourth of the vall area devoted
to windows. All 6 welders were grounded b;y rods driven four and one
half feet into the earth. The field trom each of these welders was
higher than would be expected from a well-groundedunitoperated ina
metal building. The average field strength was 44 uv/m at 1,000 feet
with one welder measuring 100 uv1m. The large amount of glass in the
walls of the building would appear to reduce the effectiveness ot the
shielding'afforded b;y the metal valls. The other four model C welders,
with one exception, all had good grounds and radiated less than 15
uv/m at 1,000 teet. The exception was a portable welder mounted on a
rubber tired dolq and grounded through the power line aeutra1. This
UDit D18asured 40 uv/m at 1,000 feet. .
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One of the model E welder installations radiated a field less than
0.5 uv/m at 1,000 feet. This extremely low l~v~l ofra!i~«ltion wasprob
ably due to the excellent ground used at the welder. A twelve-foot rod
had been driven into the .earth 80M the upper portion of this rod we.s
surrounded bY'a four-inch pipe filled with water. Other installations
of the same model welder measured up to 20 uv/m at 1,000 feet even
vithanearth.ground and o,perati~ in ,a· metal building.

The three model G welders are perhaps, th~ most noteworthy examples
of the importance at a good installation in reducing th~ radiatedf.1eld.
Radiation from two of these welders exceeded 450 uvlm, atl,OOO:feet.
Both installations used the power line neutral as ground and one of
these was connected to the AC supply by' an unsh.1elded cable. In
marked contrast, the third model G welder radiated less than five
uv/m at 1,000 feet. The equipment had an earth ground at the welder
and all weldi~operationswere confined within a fifteen-foot radiUS
~~we~.· I

Although the 100. to 1 range.;1n radiated field strength of the
model G welders is larger than would! normally be encountered, the
measurements reported here indicate that a good installation is a far
mare important factor than the choice of welder model in determining
the level of radiation. . I

;

VI. CONCLUSIONS:

The field lIl8asurements made in, this studY' show that all instal
lations with low radiation had a good low-impedance ground, good
sh.1elding of the welder installation, (bY' stored materials or a well
bonded metal building), a compact operation (short leads between i

welder, ground and work), or a ,combination of these factors. On the
other hand, installations with .high levels of radiation were found to
have a poor ground, poor shield~ng, .unshielded wiring in the welder
area, or high voltage power lines in the Vicinity which picked up and
re-radiated the welder field. All the RF stabilized welders measured
in this studY' appeared well designed.. A careful installation in ac
cordance with the manufacturer's instructions should limit radiation
to well under the temporar.r limit o~ 10 uv/m at one mile.

hsing the empirical formula. developed in this report, three-r,1fths
of the measured welders radia.ted less than 15 uv/m at a distance of 1,000
feet. Lack of a good, low-impedance, earth ground at the welder and re
radiation of RF energy pioked up by' unshielded wiring near the wlder
appear to be prime souroes of excessive radiation. Careful attention
to low-impedanoe grounding of the welder and shielding of all wiri11g
in the vioinity should reduce radiation to· the point that all,RF
stabilized arc welders could oomply with the 15 uv/m limit at 1,000 '
teet as reqUired tor miscellaneous equipment W1!1er Part 18 of the FCO
Rules.
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3 4.1 6.4 W 10 HI ' Yes Ra Good installation'
4 4.5 38 PL! 15 I Yes Ra Mounted on rubber tired dolly
5 4.2 22 PL 10 M I R- Ra .. Major1obe through 10 x 1-2

open door
6 2.1 2·5 W w HI Yes Ra Good installation
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8 4.2 8 W 10 I Yes Ra Good installation
9 0.85 0.3 PL HI Yes Ra Good installation
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12 18 7.3 PL 15 M I No 'is
13 2.1 7.0 PL 20 RC I No Rb Mounted on dony.
14 3.6 7.5 PL 40 RC I No Rb Mounted on dolly·
15 3.5 53 PL 15 CB S Yes Rb High voltage power line nearby'

16 3.1 27 PL CB I No Rb Open 'Wiring in vicinity, radial
follows power lines

17 4.0 3.7 PL 25 M I&R No Rb Mounted on dolly
18 1.9 165 PL 25-15 C R No Rb Mounted on dolly .
19 2.6 4.9 w 25-15 c LI No Rb Very compact operation
20 1.7 390 PL 15 I No Rb Mounted on dolly in screen room,

hlgh voltage power line nearby
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2l 3.2 5.7 PL 25-10 C I&R No Rb Mounted on dolly-
22 2.5 0.3 PL 25-10 C LI No Rb Very compact operation."
23 2.2 0.3 PL 25-15 M R No Rb Mounted on dolly-_ _
24 2.9 37 PL 25 M B&R No Rb High voltage power line nearby
25 3.4 0.5 VI 25 RC LI Yes .. Rb Excellent ground

26 2.7 17 VI 25-15 CB I&R No Rb
27 0.78 24 PL 20 M LI No·· 8
28 3.9 0.6 PL 25-15 M LI Yes Rb
29 2.2 2.4 PL 12 M LI Yes Rb
30 18. ·30 PL 15 M I No S Many power lines nearby'

31 1.9 12 PL 12 M S No Rb Mounted on dolly:
32 2.4 430 PL 15 M LI No S Major lobe through open side

of building' .
33 24. 100 VI 12 M HI No s 1/4 wall area is wind.~
34 0.78 7.4 PL 20 M LI No S
35 3.6 0.6 VI 12 B&R Yes Ra

36 4.9 7.4 VI 12 B&R No Ra
37 0.9 24 VI 25 CB LI No S -
38 3.7 9 loT 15 I&B No Ra
39 2.6 15 PL 16 I&R No S
40 4.3 220 PL 25 M&CB LI No 8

>



Table 1 (cont'd)
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41 25 21 W 12 M HI No s 1/4 'Wall area is windows, .
42 25 2.3 w 12 M I No S Excellent ground and shielding

by building
43 21 36 w 12 M HI No s 1/4 'Wall area is window
44 25 35 PL -12 M .1 No S
45 3·7 12 w 12 M I R Ra

46 24, 15 w 12 M HI No s
47 4.8 580 W 12 M HI No S
48 7.6 70 PL 12 M I No s
49 15 37 w 12 M HI No S
50 21. 55 W 12 M HI _ No s 1/4 wall area is windows

51 25 14 w 12 M HI No s 1/4 'Wall area is wind~
52 2.6 4.5 w 12 M I No s
53 24 34 w 12 M HI No s 1/4 'Wall area is w.ind0'4s
54 4·5 360 PL 15 CB I No s
55 2·5 160 PL 25 M No S Rural area near airpor~,

56 -5·3 4 PL 15 L1 R Ra
57 3·5 32 w 30 R - Ra
58 3.8 20 w 12 M R Ra
59 2.8 160 PL 25 HI No S
60 2.6 460 PL R No S

/





Table 1 (cont'd)

Explanation of Symbols

Grounding

Welding lead length

PL
w

25 - 15

Through power line neut~

Ground rod at welder location.
25 foot leads coiled to 15 fee~.

Building (construction of building in which 'Welder is operated)
B Bri~

C Concrete
. CB Concrete Block

BC Reinforced Concrete
M Metal
W Wood

Area (type of area where welder is located)
LI

I
HI

R
B
S

Light Industrial
Industrial
Heavy IndUstrial
Residential
Business
Shipyard

Certification (unit has been certified as complying 'With FCC BuJ.es)
R Reportedly certified but no certificate available

FS Meter Ra
Rb

S

RCA 30SA (corrected to :read quasi-peak)
RCA 30BB (corrected to read quasi-peak)
Stoddart NM20B (using quasi-peak detection)



Table 2
Distribution of Exponen~ n in "the Formula

1
E=kd:fi

Number of
n Welders

0 - .34 0
.35 - .45 1
.46 - .54 1
.55 - .65 3
.66 - .14 2

.15 - .85 2

.86 - .•94 2

.95 - 1.05 8
1.06 - 1.14 4
1.15 ... 1.25 8

1.26 - 1.34 6
1.35 - 1.45 4
1.46 - 1.54- 4
1.55 ... 1.65 3
1.66 ... 1.14 4

1.15 ... 1.85 3
1.86 - 1.94 2
1.95 - 2.05 3
2.06 ... 2.14- 1
2.15 ... 2.25 1

2.26 - 2.34 1
2.35 - 2.45 4
2.46 - 2.54- 0
2.55 - 2.65 2
2.66- 2.14 0

2.15 ... 2.85 2
2.86 - 3.00 b



Measured Field Measured Field

Welder
Number

Distance
(feet)

Field
Strength
(uv/m)

Table 3
One Point Measurements

Extrapol8.ted
Field,

at 1000 I't. I Welder
(uv/m) Number

Distance
(feet)

Field
Strength
(uv/rriJ

Extrapolated
Field

at 1000 ft.
(uv/m)

13 100 30 1.0 93 100 4 0.1
14 100 30 1.0 94 100 5 0.2
15 100 30 1.0 95 100 4 0.1
16 100 30 1.0 96 600 20 9.3
11 100 30 1.0 91 150 51 3.3

78 100 30 1.0 98 30 501 2.6
19 100 30 1.0 99 800 141 105
80 100 30 1.0 100 800 15 11
81 100 30 1.0 101 800 49 36
82 100 30 1.0 102 800 39 28

83 100 30 1.0 103 528 315 130
84 1,'000 36 36 104 100 400 12
85 200 15 1.4 105 100 320 10
86 35 15 0.1 106 150 88 5.281 200 600 53 101 150 100 5.8

88 1,600 26 53 108 150 56 3.289 300 15 24 109 150 36 2.1
90 1,500 600 1,100 110 . 150 2,000 115
91 1,600 26 53 ·lll .. 115 18 1.3
92 100 5 0.2 112 150 39 2.3



Measured Field Measured Field

Welder
Number

Distance
(feet)

Field
Strength

(uv/m)

Table 4
Two Point Measurements

Extrapolated
Field

at 1000 ft.
(uv/m)

Distance
(feet)

Field
Strength

(uv/m)

Extrapolated
Field

at 1000 ft.
(uv/m)

113 100 61.5 2.3 150 30 1.~
114 100 52.5 1.1 120 30 1.2
115 100 60 1.9 150 30 1.8
116 100 67.5 2.3 150 30 1.8
117 50 61.5 0.8 100 30 1.0

118 50 55.5 0.6 100 30 1.0
119 100 6Q 1.9 150 30 1.8
120* 66 16,000 275 339 112 22
121* 66 18,000 305 363 700 150
122* 65 750 12 66 141 2.6

123* 65 7,000 118 300 151 26.
124* 65 1,000 16 300 116 29
125* 65 852 14 1So 71 5.8
126* 65 100,000 1,680. 495 300 105
127* 65 100,000 1,680 360 5,000 1,100

128* 65 3,500 58 162 63 4.3
129* 65 1,100 28 So' 51 1.3
130* 65 50,000 840 312 188 43
131* 100 10,900 340 tOO 275 25
132* 300 519 96 1,000 91 91

'* Measurement 1 inside bldg, measurement 2 outside bld«.



Measured Field Measured Field

Welder
Number

Distance
(feet)

Field
Strength

(uv/m)

Table 4 (cont t d)
Two Point Measurements

Extrapolated
Field

at 1000 ft.
(uv/m)

Distance
(feet)

Field
Strength
(uv/m)

Extrapolated
Field

at 1000 ft.
(uv/m)

133* 150 3,500 205 300 155 26
134* 100 4,400 140 275 92 13
135* 50 12,000 130 130, 4 0.2
136* 50 4,900' 53 130 3 0.1'
137* 50 ].4~ooo 155 130 3 0.1

138 1,000 500" _.. 500 2,000 60- 175
139 1,000 640 640 2,000 100 290
140 70 100 1.5 160 20 1.2
141 70 roo 3.0 160 roo 12
142 70 640 12 160' roo 12 . '

143 70 200 3.0 160 20 1.2
144 125 80 3.6 150 24 1.4
145 100 400 13 200 20 1.8
146 100 200 6.2 200 40 3.6
147 50 3, roo 36 500 36 13

148 150 100 5.8 500 64- 23
149 600 36 16 1,000 - 24 24
150 150 48 2.8 350 24 5.0
151 500 120 44- 1,000 18 18
152 175 23 1.6 300 23 3.8

*' Measurement 1 inside bldg; measurement 2 outside bIds.
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