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Abstract

This research report deals with the results of the testing of Brusa motor used in electrical
vehicles.
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1 Introduction

This research report extends the research report 22190 — 027 — 2020 by the measurement of
the Brusa HSM1-6.17.12 machine [1]. The Brusa HSM1-6.17.12 machine is mechanically
coupled (back to back configuration) with the loading machine YASA P400RS [2] which has
been modified to work under reduced dc-link voltage of 400V (reduced number of turns in
the stator winding). A water cooled 3-phase voltage source inverter based on SIC switches is
used to power the loading machine using 15kHz of the switching frequency (more about the
converter can be found in [3]) .The actual test bad is in the Fig. 1 and in the context of the
Brusa HSM1-6.17.12 machine measurement, it represents an equivalent setup as it was used
in the research report [4]. The dc—links of both machines are connected. In the given test rig,
the maximum speed is limited to 5500 rpm.

Fig. 1: Developed test rig for experiments on Brusa HSM1-6.17.12

The BRUSA HSM1-6.17.12 machine is powered by the 3-phase VSI Brusa DMC5 [3]. The
parameters of the BRUSA HSM1-6.17.12 are shown in Table 1. and the parameters of the 3-
phase VSl are in the Table 2.



Table 1: Motor parameters of the BRUSA HSM1-6.17.12 provided by the manufacturer [1]

Motor data BRUSA HSM1-6.17.12
DC voltage [V] 360V 400V
Nominal speed [rpm] 4700 5200
Continuous torque [Nm] 130 130
Max. torque [Nm] 220 220
Inverter current [Arms] 300 300
Continuous power [kW] 64 70
Maximum power [kW] 87 96
Maximum speed [rpm] 12000 12000
Level of efficiency [%] 95

Number of pole pairs 3

Number of turns 7

Nominal frequency [Hz] 210
Maximum frequency [Hz] 600

Max. motor flux [Vs] 0.725

Stator leakage inductance [uH] 47

Stator resistance [mQ] 20

Table 2: Technical data of the inverter provided by the manufacture [3]

Technical data DMC534
Min. HV input for operation [V] 130
Min. HV input for full electrical output [V] 200
Max. HV input [V] 450
Software disconnection [V] 460
Hardware disconnection [V] 480
Max HV input without damage [V] 520
Continuous output [kW] 118
Max. output [kW] 157
PWM frequency [kHz] 24

More detailed description of the drive together with measured parameters of the equivalent
circuit can be found in [4].



2 Machine characteristics measurement under load conditions

The purpose of the experiment is to map the characteristics of BRUSA HSM1-6.17.12
machine across the operational range of speed and load conditions. The torque and power
characteristics in dependency of speed and the efficiency map provided by the manufacturer
are in Fig. 2 and in Fig. 3.
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Fig. 2: Efficiency map of Brusa motor provided by the manufacturer [1]
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Fig. 3: Efficiency map of Brusa motor provided by the manufacturer [1]



The measured speed range was limited to 5500 rpm due to physical limitation of the test rig.
The particular operation points were measured in the range of the speed n € <500, 5500>
rom with a step of 500 [rpm] each for various values of the load torque in the range of T, €
<0, 155> [Nm]. The DC-link voltage was V4= 400 V. The power on the shaft is obtained by
measurement of the load torque, which is measured by the torque sensor T40B [6] with the
measurement range of T € <-500, 500> [Nm]. The data are collected by the module TIM 40

[6], and then sent to the oscilloscope as an analogue voltage value in the range of £10 V as
shown in Fig. 5.

For each operational point we have measured two phase currents and two phase to phase
voltages together with mechanical speed n and load torque T.. A typical measured waveform
is shown in Fig. 4.
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Fig. 4: Typical waveforms of measured phase currents and phase to phase voltages, where CH 3 (purple) is
phase current lsy [200A/div] CH 4 (green) is phase current Isu [200A/div] CH1 (dark blue) is phase to phase
voltage Vw [250V/div] and CH2 (light blue) is line voltage Vu [250V/div]. Mechanical speed n = 300rpm and
stator temperature is 41°C
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Fig. 5: Load torque measurement corresponding to Fig. 4: CH1 is load torque TL [SONm/div]

From the measured currents and voltages, we reconstruct the phase currents and voltages
in each phase of the machine as it is illustrated in Fig. 6 and Fig. 7.
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Fig. 6: Waveforms of reconstructed phase voltages Us [V]
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Fig. 7: Waveforms of reconstructed phase voltages Us (filtered) [V] and phase currents Is [A].

The amplitudes and their phases of the phase currents |s and phase voltages Us are obtained
by the FFT analysis (see Fig. 8 and Fig. 9).
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Fig. 8: FFT of the phase voltage Usfrom Fig. 7
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Fig. 9: FFT of the phase current Isfrom Fig. 7

The complex power S for each harmonics u can be found as

1 1 . . 1 . _ 1 .
Su =5 Upli = 5Upe? 0 - [Pk = EUﬂlue’(‘””“ on) = > Uplue%"

The real component of the power P for specific harmonics is than

1
P, =R{s,} = 5 Unly cos o,

The overall power is than computed as
N

1
P, =R{S} = E EU”I” oS @y,

u=1
Where N is the number of investigated order of harmonics.

Pmech
Pel

Where the P,,..;, is mechanical power on the shaft which is obtain from

Prech = Tw
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2m . .
Here, w = rpmé—g, is the measured mechanical angular speed and T, is the measured
torque. Note that the same method of machine efficiency evaluation has been used in [4].

The machine has been analyzed for all selected operational points and the result is provided
in the efficiency map of the machine. Specifically, Fig. 10 shows the dependency of the
efficiency 1 on mechanical speed n and torque measured on the shaft T. And the Fig. 11
shows the dependency of the machine efficiency 1 on mechanical speed n and stator current
Is. The efficiency maps reconstructed using only first harmonics are shown in the Fig. 12 and
Fig. 13. Fig. 14 and Fig. 15 show electrical power depending on mechanical speed and
electromagnetic torque. Fig. 16 shows the same graph for mechanical power P,,.cp,.
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Fig. 10: Machine efficiency 1 depending on torque and speed
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Fig. 11: Machine efficiency n depending on the mechanical speed n [rms] and the stator current Is [A]
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Fig. 12: Machine efficiency n; depending on torque and speed

Since higher order harmonics increase overall losses, we illustrate the efficiency
of the machine powered by harmonic signals by calculating 1n; which is obtained
using only first harmonics as

P, mech

N = (4.6)

Peyc1y
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1
Pey1y = > Uil cos ¢4, (2.7)
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Fig. 13: Machine efficiency n; depending on the mechanical speed n [rms] and the stator current Is [A]
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Fig. 14: Electrical power P, 1y (note that only first harmonic is involved in computation of Py, see (4.7))

depending on the mechanical speed n [rms] and torque T [Nm].
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Fig. 15: Electrical power P, (see (4.3)) depending on the mechanical speed n [rms] and torque T [Nm].
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Fig. 16: Mechanical power P,,.., depending on the mechanical speed n [rms] and torque T [Nm].
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3 Conclusion

This research report extends the results of the research report [4]. The main goal is to
analyse the efficiency of Brusa HSM1-6.17.12 machine in the wide spectrum of operational
points. The machine characteristics are measured up to the rotor speed of 5500 rpm. The
resulting characteristics of the machine approximately comply with the values provided by
Brusa Company. The deviations in the low speed region and low load torque regions may be
caused by the high noise/measured value ratio. Additionally, the mechanical resonances of
the test rig appearing at n=2150-2400 [rpm] and n=4800-5000 [rpm] may further disrupt the
results. In order to illustrate the efficiency of the machine powered by pure harmonic signal,
we provide the efficiency maps using reconstructed only first harmonics of U and | — those
results are shown in Fig. 12 and Fig. 13.
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