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Abstruct

A weld energy monitor as been developed to mearure elacirical energy
delivered to resistance walds. The monitor combings the measurement af
woltage, current, aud Hme o an ensgy Meosurement with gecuracy
treeenbla to the National Buvenu of Stpudavds, The monifor has ¢ renge of
to 300,000 fowles, Maximum weld voltage and current ranges are ( fo 5 solis
gnd 6 re 30,000 amperes. Accurgcy I detter than £2% of indication £30
joudes. The precise measurement of energy s vequired at the Savannsh River
Piant to help ensure the guality of production welds,

I nireduction

A wald energy monitar has been developed to messure electrical anergy dalivered
to B0 Hz alternating current fesistance welds made at the Savanneh Fivar Flant,
Brecision measurement of weld variables such as voltage, current, time, and fores are
required to help ensure weld quality. The monlitar sombines the measurement of
yoltage, current, and tims into an enérgy measurament with accuracy traceable to tha
Naticnal Buresu of Standards.

An snergy manitar has been used with development welclers for six months ang
twa ingtruments will be built for production welders this yeer, The Instrument 18
designed specifically for one typa of weldsr, but it may also be used with other
resistanca walders.

Summary

The instrument megsuras erergy over 8 renge of O to 300,000 joules to an
acourany of £2% of indication 50 joulss, and counts half-cycles of AC current
delivared to a wald up to 98 with an sccuracy of £1 half-cycle, Weld woltage and
current ranges aré presently O to 5 volts and & 10 30,000 amperes, & galn changa in the
input ampllfiers will provide for input weld valteges from 5 to 2B volts and currents of
0 ta B,000 amperas, Specifications are outlined in table 1.

Figurs 1 is & single-line diagram of tha instrumant, Signals praparticnal 1o and in
phase with wald current and voltage are multiplied tagather to abtain instantaneous
poveer, The power signal is intagratad awer the welding time to obtaln energy. The
intepration time starts less than 1 millisscond giter the weld begins and is adjustabls
from 1 to 99 half-cycles {1 half-cycle s 8 millisecondsl. After the weld has been
completed, anargy is displayed on e digital voltmetar which also serves as the Integrator
for the power signal. Weld helf-cycles are counted during the weld and displayed
digitaliy by the energy moniter.




Discu ssion

The operating princlple was verified in the laboratory uslog & precivon ilgnal generator (to
simulats weld current and voltage gignals) and by work on develepment weldars. When the instrument
iz connecied to o welder, the voltage signal is taken between the welder slectrods and the bage plats
{or between the two welder electrodes) and the cument signal is obtatned from a pracision AC shunt
(figure Z), The epergy measured includes energy dissipated in the weld plus the fixture and interfaoss
between the fixture and the electrodes, since voliage drop ts measured across the fixture and not just
across the weld, The percentage of energy dissipaed by cotrent flow through the fixture is smell since
fixtures have low veslstance compared to that at the weld potnt.

Figure 3 shows the esquence of signale through the Instrument during a weld. The voltsge slgnsl
across the piess belng welded is coupled through an isolstlen amplifier 1o an analog multplisr. The
current signal from the shunt 1 smplified and then muldplizd by the voltage signal in the analog
multiplier. The mulipier output signal represents the instantanesus product of voltage and current
(power). The integrating digital voltmeter (IDVM) inteprates the power signal over 2 pariod set by
switches on the front panel. Thin pedod v e aboui 2 or 3 cycles longer than the weld duration
sxpected s0 that additional energy will be Indicated If the weld contraller ghould Fatl and delfver
Increased currant or agditions] weld eyeles. The voltmeter displays encrgy in joules dellverad to the
weld {1.00 milllvolt = 100 toules),

The first half-cycle of current inittates the integratfon “start” signal to the IDVM, As the flrnt
half-cycle beglng, 2 high gain amplifier saturates in less then 1 milliescond 1o provide the start elgnal,
The infegration “stop"™ signal it penerated by a circuit which connts pulsss from 2 120 He square weve
penerator and provides an output signal when the preselected number of pulsas have nocurred after
the first hallcyele of weld curcent. An amplifier provides the signals to start and stop the IDYM.

Half<cycles are counted from the current waveform, The curent signal is amnplifisd and full-wave
rectified to provide positive pulses for both posdtive and negative half-cycier. These pulses are
converted to equare pulser fo provide the fast rise time pulse required by the counting efreult.
Bilioring prevents spuricus counting of transtents on the pawer line. & two-decade counter cotnts the
puleee and prevides @ BCD output to an indleating tube driver cirouit, The count in dliplaysd on
"Mixie" ftrademark of Burroughs Corp.] digltal indleating tubes,

INSTRUMENT COMPONENT AND FACKAGING

Preclelon componeats are used where necesssry te provide required zccurzcy. Minimum
aperating controle stmplify operation in production use, Major clroults are on printed dircuit cards to
stmplify tro uhlushmtin,g and repair. Figure 4 shaws the frant panel and component layout.

Solid state operationa] amplifiam provide signal amplificaton and sonditioning. The amplifiers
with agoeiated components for sach function (amplification, pules shaping, stc.} sre mounted on
sepatels clreult carde to facilitats maintenance, Placing the amplifisr input and feedback elements
cloge to the amplifier connsetions provides stable cperation. Flgurs 5 shaws the lzyout of a typical
card. The layout of cards for all amplifiers is identicel fassoctated componants are different).

The multipller is a small sncapsufated unit designed (o proclaely multiply two analog signale, It
ume the varlable traneconductance characteristic of transtsiors to glve good lnearity with wide.band
responee; the result ia low distorflon multiplication. The multipliar 18 mountad on a card ke the
operational amplifiars. All cards are the seme size and plug convenlendy imo connectors In o rack,
Rack connections are made throngh wire-wrep tertninals for high relishility.

Front panel controls include “Diglewitches™ [trademark of Digitran Co.] for setilng IDVM
Integration time, switches to resef the instrument to 200 afier o weld, switches to put calibration
check elgmals inte the voltags and current inputs, and zero and gala controls to adjust out small offset
varationl which may ¢eeeur with e or tsmperature changes.




AL SHUNT

Overall lnstrument. eccuracy i dependent on receiving two slgnals fraom the welder that are
proportional to welding voltags and cumrent. The voltegs glgnal |5 the woltage drop acrose the plece
being welded. An AC shunt was designed 1o SRP specliicatione by 2 sommercial supplisr [Helt
Instrument Co., Oconta, Wisc] to provide a signal propertional ke current and maintain the phase
relatlonshlp with the voltage signal. Accuracy of the shunt Is less than x1%, O to 1000 Hz, O to
30,000 amperes, Figure 2 {5 ¢ dingram of the shunt and tabls 2 gives shunt slectrical specifications.

An AC shunt differs from a DC shunt {n that it hae lttle or no reactive component. It remains
nearly & puse reslstancs even af high frequencies, The AC shunf uses & field cancellation tachrigque to
reduce mutudl inductance and an external phase cempenstion network to raduce the small amount
of eslfinductance in the flat shunt platas. (Brror without the compensating network would be about
2% of messurement.) Carrent flows i opposite directions in the two shunt plates ta cancel the squal
magritide and opposite polarity signals which could be knduced in the plates by the largs
electrarnagnstle fields present azound the shunt when a weld 9 made. The phase compensatian
network is & reststor-capacitor combtnation that provides an equal and cancelling capacitive reactance
for the swall inductve reactanes of the shunt. -

The shuwt is designed to flf between the base plate and a trapstommer sscondary tap on a
particular type of welder. Shunt reqrtence s only 10 micra-chrng; this additional resistance in the
weld pireult has a negligibie effect on weld ciurmnent,

Shunt plates ste made of manganin to achievs B very low temperature coafflelant of reelatance
(0.01% per degree centigrade). Tests have Hiown that the temperaturs rise of the platss should be
about 40°C for a 35,000 pmp, 40-cycle weld; this would cause an srror dug to temperature rise af
only about 0.4% of measuremsnt, The témperature of the plates returms to ambisnt very quickly after
a weld 8 made becaus of the heat sink which the large copper terminals provide. Duty cycle ia rated
at 0,5% or ahout ene 40-cyele, 30,000 amp rms weld every two minutes. Shunt plates are gealed n
epaxy to prevent surface eontaminatlon and consequent realstance changes,

NBS TRACEABILITY

Instrument Bccuracy an be made traceable to the Nattanel Bumayn of Standards {NB3) by
pertifylng the shunt and the ostrument sepamtely. Shumt resistance han besn determined by
measurements tade with 1000 amps at 60 Hz by NBS and sxteapolations made ta certify the devics
to 30,000 awps. A technique has been established at SRP ta periodically conflrm the certification.
The inetrument can be certified at the plant by putting standard signals (tracsable to NBS) into the
current and voltage inputs, settigg the intagration time, and comparlng the cutput digplayed on the
[DVM fo the known value of [ ¢ dt, The Integration time can slso be certified hy canventional
methods

LABORATORY TESTS

Tegts were made of the first instrument to ensure acouracy and linesdty. 4 dual output signal
generatar way used to simulate weld voltage snd current signais, Accuracy and linearity of displaysd
mezsurements were within 1% of Indication #50 foules {the overall accuracy of +2% 230 joules
guoted [n table I la combined shunt end instrument accuracy), Table 3 showe indicated energy in
joules for varylng current and voitage, Emror 1 plotted ln figure 6, Data shows were taken with sgnals
in phase. The insteument was al1o tested with phase angles froim 0° to 180° between the signali, with
equally aceurate results.

The fraquency spectrim of the weld current waveform was analyzed using 4 tunatle bandpsse
filter to eetablish tha required frequency responee of the shunt and the Instrument, The highest
frequency components in the signal are about 1 kHz. Teats show that imstrumsnt accuracy L
maintalned up to 10 kHe.




The instrument was used to maasure energy deliverad to a length of 40 cable udng 2 weld
controller g & power murce. & DC shunt was umd for current signals sings the AC shunts had not
boen recelved st that time. Tests were made over 2 fime moge of 10 to 40 halfcycles far 20 to 100%
vontroller heat settings with mach weld transformer tap setilng, Absolute accuracy was nat expected
alnce the DC shunt was wsed but good linearty of energy voreus time and good repeatsbility wece
indicated, A family of curves is shown in Agure T and e sample of date 45 Included in table &

The msteument and AC shunt are now Being uied ¢n o developmentsl welder to egtablich the
energy required for each of the production welds and the repeatability of tndcation,

WELDER, OPERATION

AC reslatance welda are mede using solid-stata phase heat conirollers, “Powerstais” [tredemark
of Supetlor Blectrle Co. for Its variable transformers], and varlable tap cureent trensformers i
gontrol the ensrgy delivered to the welds, Figure & is a diagram of the bade arrangement,

The line vollage fo the fgmitron tubes is adjusted between 300 and 420 velts AC with the
verlable trapformer, except for high current welds when the transformer is switched cut and line
{480 v} voltage 5 veed, The phase angls of the 60 He voliage at which the ignitrons fire and the
number of eyeler they fire ore controlled by the weld contzoller and are adfusighle, The voltage from
the lgatteons is itepped down to between 5 and 28 valts by the weld transformer,

CURRENT AND VOLTAGE WAVEFORMS

Flgure 9 shows fypical current and voltage waveforms for various welder controller heat asttings.
Meither is a pure mnuscid exctpt at 100% heat settings, But both have waveformn with & 60 He
fundamentsl companent. The waveferma have higher frequancy compoanents but tests vhow thel most
of the energy is helow 250 Hz. Fhass ralafionship between current and voltage it a functon of the
inductance of the weld currant loop snd can change slightly when the physical arrangement of the
loop is changed fer different weld fictures. However, they are neser more than a few degrees out of
phaze,
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TABRLE 1,

¥ALD RUENO WOWITOR GPECIFICATIONS
Weld voltess conga 0 - 28 wolte
Wald currant cEp 0= 30,000 acraras
Enariky TEnEe O = 300,000 joules
Azcurecy +1¥ of fodicatipn 230 joulss
Wald duzation renge b - ¥9 half-cyclem
Aooursgy tl Balf-ayele
Mimk gy Teadout Myikwl toddcdting

Weld duraticon teamdzout DMpital Lnddcating
Opacating temperabure 75°% & 15"D

Opazaking walbage 115 wolte 2 19 wolte st &3 e
TABLE &
FHUNT EFECTFICATINNS

Currant ramge 0 = 30,000 superes
Tize 0= 1.0 s2copd
Duty oyele 0. 5% [aax)
Frequacney 60 He - 1 kHx
Bhunt dopedmoce 1h of cege=ghme

Iupedance chenge due £ tenpara=
ture ries, Ealf=-fndiarsnoe,

mutasl dndustanon, wkid sffwct, Lepp tham 1% of
110 nenidal
Fheas ahift cauwed by ahmt 4° at 1 kRe
TAALE 2
WELD BHRRZY MOWITOR LAHORATCRY EVALUATION OATA
E gulea
L2 agmp E=1% =Ly Emby =Hwv Em= 16 v
4,000 g,m0 16,000 24,0583 32,067 50,081
8, g 14,040 32,04y 48,150 bh, 045 B, 038
12,D00 22, yo0 43,120 12,180 §6,000  120,L80
15,000 31,810 64,43% 55, 9FF 128,010 180,291
e 99,970 0,080 10,580 15m.REQ 200,250
ok, 200 4 10 8,020 a4, 404 19,790 140,220
18,000 55,820 LI1,950 1bE,260 244,720  2BD,BOD
* Blgnal aquivalsat bo currmote dndlcetad providad by
signal genarator. Integretico Eime was 1 second for
Bll dara.
TAMLE 1§ .
BANPLE CF DATA CAREN QN WELDER
Azillinty Coumtar  Enacgy Yeonltar Enet
T, Iima,
baif-cyclan half-gyeles — Huat Heat, _Fest _Heat
L) 1} TEI  1,24% F s 5,030
20 20 1,408 2,464 X271 14,4%0
kL] L] 1,085 3,384 T.BE3 L5 10D
&1 i 1,770 A,y 10 9D 20,060

Laow
Heat

7,858
18, 840
21,870
31,660
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Drawing Title

Weld Bnergy Monitor Frinted Cirecult Cards
Weld Energy Monitor Schematic Dlagraw
Weld BEnargy Moniter FC Component Layout
Wald Energy Monlitor Component Layout
Wald Enargy Momltor Chaassls Layout
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