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Application Note: TBMR-110M Equations — Mains Harmonics
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This paper describes how to use the equation feature in the TBMR-110M spectrum analyzer application. A
spot welder’s transformer is tested for mains harmonics during the welding operation. The transformer’s
main line is routed through the aperture of a Tekbox RF Pulse Current Monitoring Probe. A suitable equation
is used to convert the voltage at the probe's output into current units, which is then displayed on the

diagram.
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The transformer's main line is routed through the aperture of the TBPCP1-20100 RF Pulse Current
Monitoring Probe. The probe has a 3dB bandwidth between 20 Hz and 100 MHz and a transimpedance of -
20 dBQ in a 50 Ohm system. A 20 dB attenuator is connected between the probe output and the TBMR-

110M RF input.

Based on the transformer datasheet, the primary current is approximately 2 A, which converts to 126 dBuA.
Adding a transimpedance of -20 dBQ gives a probe output voltage of 106 dBuV, or -1 dBm. This is well
within the acceptable RF input power range. Nonetheless, a 20 dB attenuation is included to provide
protection against any current transients when turning on and off the welder. Furthermore, the calculation
assumes a sinusoidal current, which may not be the case when in operation.

The TBMR-110M in spectrum analyzer mode is set to a span from 1 Hz to 2 kHz, Gain is set to Oand scaling
is set to 20 dB to account for the external attenuator. RMS and Positive Peak Detector are turned on and the

resolution bandwidth is set to 3 Hz:
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The amplitude of the 50 Hz tone is 1.1 dBm, which corresponds well with the initial estimation.
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The next step is to convert the measurement result to current.

| [dBpA] = Probe voltage [dBuV] — Transimpedance [dBQ] + Attenuation dB]
| [dBuA] = Probe voltage [dBuV] + 40 dB

We use the peak detector value in [dBuV] as input data and enter following trace equation:
dBuV(value.max) + 40

We turn off the RMS and Positive Peak detectors and enable the Equation trace on. We enter dBuA as
custom unit for the diagram’s Y-Axis label.
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Next we’ll examine the spectrum from 1 Hz to 10 kHz. To increase dynamic range, we remove the 20 dB
attenuator.
The trace equation must be changed to dBuV(value.max) + 20
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Next we switch to the oscilloscope mode to examine the primary current in the time domain:
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Time domain, attenuator still removed.

Next we look at the secondary current:
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The electrodes are removed and a 3m long copper cable with a diameter of 5mm diameter is utilized to

comfortably insert the current probe. We re-insert the 20 dB attenuator, because the secondary current is
significantly higher than the primary current.
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The measurement result is astonishing. The secondary current is significantly higher, 146.6 dBuA, which
equates to 21.4 A and which is expected. However, the current spectrum has extremely high harmonic
content.

T8 Spectrum Anstyzer - .
Fig, Amp, BW  Dat, Trace, Trg TG, Mermeltee  Settngs  Cabbration
Froovency | Shorted Transformer - Current Spectrum in dBpuA
Fraquancy
Start Frea. [Hz]  Center freq. [Hz]  Stop Frea. [Hz] —
wo:c:n 4  sgo0s0k P lnn;:oo k 160.0
e lq Somek b Came 150.0
Amolitude 140.0 il
Ampitude
Reforence Lol Scale ger Divison 1d81
P o i 1300 | ,
© g I |
extomal st 0 @8 i 120.0 l I
Correchon Fiie Salect 3 110 o | l | l l i il 1 1
Bandwidth s ‘ | ‘ | i M \ ‘ AT |
ssosath 100.0 i
Resokution Bandwidth IHz] O s | | ‘ ’ | ] il
4 30 D 8 el O eer 90.0 1 I | | | it
Video Bandwidth [Hz] Facailel Svmep X 1l [ 1 | \
| 30 > Manual |
Sweep Time: Points: 1333 80.0
[ro— 70.0
Single Contirgos  Stop  Save Seip  Select Setup Quat
QOO & -~ ® 60.0
1 1001k 2001k 3001k 4001k 5000k 6000k 7.000k 8000k 9000k 10.000k
Frequency
The harmonics spectrum of the secondary current up to 10 kHz
""-1 Spectrum Analyzer - )
| b Ampy®W et Trace,Trig TG Momsios  Semngs  Cadteatien
Freueney | Shorted Transformer - Current Spectrum in dBpA
"Stort Fre (He]  Center Frea, Mzl Stoo Frea; [He] 160 —
1000 m 4 5000050k P 100.00000k
Add Currem et Soan fHz1
[ o ™ | 4 9999900k b [ltogwnc 140
Amplitude 120
Amphude
Reference Level Scale per Divison  Attenuation [dB1 100
4 16000 DduA 0 - 48 g0 8 ol
© o scsing
mernal att. 0 dB Flename: 80
Correction Fle Salec é so
Bandwidth o
Resolution Bandwidth [Hz]
4 100 P L atess ‘ 20
Video Bandwiith [Hz] Faralll Sneep
4 100 b Sorual
Sweep Time: Points: 30999 o
[r— ‘ -20
Seagle Cortnuor  5tep  Seve Setup Setect Setup Qur
QOO % - © -40
{ 000k 1000k 2000k 3000k 4000k 5000k 6000k 70.00k 800Dk 9000k 10000k

Frequency

Secondary current harmonics up to 60 kHz!
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Next we examine the secondary current in the time domain:
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The output current is highly non-linear. This comes as no surprise, after measuring the spectrum.

During operation, the secondary side of a simple spot-welding transformer can be considered shorted.
The current spectra of the transformer’s mains side and the secondary side differ dramatically.

The spectrum and waveform of the current of the secondary side shows all characteristics of a highly
saturated transformer core. The current on the primary side remains sinusoidal during operation.

This implies that the inductance of the primary winding is large enough to suppress higher order current

harmonics, even when saturated.
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