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Abstract

This document describes all of the equipment used in Electrical Engineering 3501
and 3541, as well as the accompanying software.

1 Equipment Overview

Throughout the system, the following color codes are used:

• Three-phase systems:

– Red: Phase A

– Black: Phase B

– Blue: Phase C

– White: Neutral

– Green: Earth/Ground

• DC systems:

– Red: Positive

– Black: Negative

In the case of the three-phase system, “neutral” and “ground” are connected together at the
service entrance, but should not be connected together locally, nor used interchangeably.

The main measuring and source equipment is installed in a rack (from the top):

• Fluke 8845A digital multimeters, qty 3

• Yokogawa WT333E power analyzer

• Nidec VFD

• Variac and variable dc source

• Magna-Power dc supply

• Switched three-phase mains terminals and Magna-Power terminals

Other equipment is simply on the lab bench:
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(a) Safety socket only (b) Twist lock to safety socket

Figure 1: Example cables used in the lab

• A dynamometer, which has a dc machine on one side and different machines on the
other

• A load box on the floor, which is wired to terminals on the bench

• Three transformers

• A TBS2074 oscilloscope, with probes:

– P5205 differential voltage probes, which connect to the scope through TPA-BNC
adapters

– A6302 current probe, which connects to an AM503B amplifier, whose output goes
to the scope through a 50 
 terminator

• A Tenma power supply, used in place of the Magna-Power when current ratings are
very low

• A handheld tachometer

Subsequent sections will detail each piece of equipment. Most equipment is operated through
LabView.

You will notice that there is a mix of safety sockets and twist lock sockets. The safety
sockets are compatible with standard banana plugs, or with the special plugs that have a
plastic shield for safety. The twist lock sockets work with twist lock plugs: insert and twist
slightly clockwise for a sure connection. Current ratings are not an issue for our purposes,
but the twist lock connections are more reliable. Cables are illustrated in Figure 1. When
possible, use twist lock plugs.

2 Rack-Mount Equipment

2.1 Fluke 8845A DMMs

The rack includes three Fluke 8845A DMMs, as shown in Figure 2. A drawing of the front
panel taken from the Fluke user’s manual is given in Figure 3. The items we will be concerned
with are:

• Input terminals 1○: to measure voltage, with HI = positive, LO = negative
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Figure 2: Rack-mounted Fluke 8845A multimeters

Figure 3: Fluke 8845A front panel

ˆ Input terminals 16O : to measure current, with positive current going into the appro-
priate terminal and out of LO; unless otherwise stated, use the \10A" terminal

ˆ Buttons 12O : to con�gure the measurement, if not using LabView

Throughout all your work, the FRONT button should be pushed in (buttons labeled
15O ).

In some cases, you will want to measure current and voltage simultaneously. This may
be achieved by putting the ammeter in the negative branch, since the voltage and current
share the LO terminal. Be aware that this may change the sign of the voltage or current
from what you would prefer.

A mapping between the physical equipment and images you might �nd on a schematic
is given in Figure 4.

3



Figure 4: Mapping of Fluke 8845A terminals to schematic.

2.2 Yokogawa WT333E Power Analyzer

The WT333E provides a variety of ways to measure power in a single- or three-phase system.
There are three channels, each of which measures current and voltage. In this case, the color
code is slightly deceptive:

ˆ Voltage terminals are red and black, just as for the Fluke 8845A, indicating polarity

ˆ Current terminals are red-black-blue, but mean channels 1-2-3

As we will see in the power measurement lab, there are two ways to measure three-phase
power. In the three-wattmeter method, channels 1-2-3 correspond to phases A-B-C. In the
two-wattmeter method, only channels 1 and 3 are used.

A mapping between the physical equipment and images you might �nd on a schematic
is given in Figure 5. Only channel 1 is mapped. Notice that for each channel, the current
and voltage connections are separate, and the schematic will indicate two negative voltage
connections although there really is only one. In essence, the Yokogawa channel is a separate
voltmeter and ammeter, whereas the schematic is drawn for a two-port because that's the
way it is used.

2.3 VFD

The next module of the rack contains a variable frequency drive (VFD), Nidec M751-
01200065A10101AB110, along with some protection devices. Use the three-phase twist lock
to connect to an induction motor or PMSM. Also use the DB15 to connect to the feedback
device on the PMSM. The red-black-blue-white-green safety sockets are provided as points
to probe.

As of this writing, the dc socket is not connected to anything.
The VFD may be powered on with the rotating power switch. All control occurs via

LabView. A mapping between the physical equipment and images you might �nd on a
schematic is given in Figure 6.
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Figure 5: Mapping of channel 1 of Yokogawa to schematic

Figure 6: Mapping of VFD rack to schematic.
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2.4 Variac and Variable DC Source

The next rack contains:

ˆ Three-phase switch that activates both the variac and variable dc

ˆ Three-phase variac, which enables the user to vary the output voltage magnitude (la-
beled in percentage)

ˆ Three-phase twist lock for the output, as well as corresponding safety sockets to probe
voltage

ˆ Voltmeter for the three-phase source (after the variac), which measures line-to-line
RMS

ˆ A recti�er and capacitor to provide a variable dc source

ˆ DC twist lock for output, as well as corresponding safety sockets to probe voltage

ˆ Voltmeter for the variable dc source

The variable dc source is derived from the output of the variac, and will normally be around
1:4� the line-to-line RMS of the three-phase source (ranges 1.35 to 1.41). This dc source is
NOT ISOLATED , so use with caution.

There are also breakers on the three-phase source and a fuse on the dc source. If this
rack is not working, check these protection devices �rst.

A mapping between the physical equipment and images you might �nd on a schematic
is given in Figure 7. Although drawn as if you were using the safety sockets, you should
instead use the twist lock sockets. The green terminal is chassis ground.

2.5 Magna-Power Supply

The Magna-Power dc supply is a high-performance, isolated dc source that may be readily
controlled via LabView. It is capable of providing 250 V, 40 A, 10 kW, with programmable
voltage and current limiting. This is more than enough for our purposes.

2.6 Switched three-phase mains terminals and Magna-Power ter-
minals

The last section of the rack has a switch, the three-phase source (upstream of the variac|
nominally 208 V), and connections for the Magna-Power. Because of the current rating, the
Magna-Power does not have front-terminal connections. Both twist lock and safety sockets
are provided. A mapping between the physical equipment and images you might �nd on a
schematic is given in Figure 8.
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Figure 7: Mapping of variac rack to schematic; use safety sockets to probe voltage, twist
lock for power 
ow.

Figure 8: Mapping for three-phase mains and Magna-Power to schematic symbols

7



Figure 9: Dynamometer with wound-rotor induction machine (used as synchronous) con-
nected to the dc machine.

2.7 Distinguishing Sources

In various experiments, there will be di�erent three-phase sources used. They will be iden-
ti�ed as:

ˆ VFD |used only to drive a motor, clearly identi�ed

ˆ Variac |used when a variable ac voltage is needed; remember that there is a switch
and a dial

ˆ Mains |the connections at the bottom of the rack, which go directly to the source;
there is a switch, butno dial; also called three-phase mains

Similarly, there will be di�erent dc sources used, identi�ed as:

ˆ Variable dc |the dc output on the same rack as the variac; not isolated , easily
adjusted with the dial

ˆ Magna-Power |the large power supply with an output at the bottom of the rack;
high power, programmable, precise

ˆ Tenma |the small power supply on the bench; low power, programmable, precise

3 Benchtop Equipment

3.1 Dynamometer and Machines

The centerpiece of the bench equipment is the dynamometer (dyno), which consists of a
dc machine (essentially permanent) and a second machine that varies. Figure 9 shows the
dyno set up for the synchronous machine experiments. Although the actual machine is a
wound-rotor induction motor, we use it as a synchronous machine.
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Figure 10: Induction machine

The dc machine connections are on the top, labeled A1 and A2 for the armature, F1 and
F2 for the �eld. In some experiments, we need to vary the �eld resistance using the �eld
rheostat mounted on the baseplate.

The coupling between the two machines is covered with the protective grill. However,
the spinning shaft is still dangerous! Use caution, especially with jewelry or long hair.

The connection box for the wound-rotor induction machine includes rotor-side three-
phase, stator-side three-phase plus neutral, and three phases after synchronizing lights.
When operated as a synchronous machine, these lights and the switch are used to connect
to the grid.

An example induction motor is shown in Figure 10. The ground terminal is usually not
used, except perhaps for the VFD experiment. When performing a blocked-rotor test, a
white plastic piece is placed on the shaft coupling.

A permanent-magnet synchronous machine (PMSM) is shown in Figure 11. The connec-
tion box provides access to both the stator and the feedback device (encoder).

The shaft speed needs to be measured in virtually all machine experiments. A handheld
tachometer, shown in Figure 12, is used. There is a light that shines out of the top, which
must be directed to the re
ective tape mounted on the dc machine shaft.

3.2 Transformer

Each bench has three identical transformers, one of which is shown in Figure 13. Each
transformer could be connected in various ways to achieve various voltage ratings, but has
been pre-con�gured to support high voltage (208-277 V) on the primary and low voltage
(120 V) on the secondary. The internal schematic is visible on the transformer label; the
safety sockets include pre-connecting H2 to H3, X1 to X3, and X2 to X4.
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Figure 11: Permanent-magnet synchronous machine.

Figure 12: Handheld tachometer

Figure 13: Lab benchtop transformer
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Figure 14: Tektronix TBS2074 oscilloscope, with two TPA-BNC adapters installed

3.3 Oscilloscope and Probes

Figure 14 shows the Tektronix TBS2074 oscilloscope. This is a fairly new model with four
channels (of which we will only use three) intended to be used with TekVPI probes. Its
analog bandwidth is 70 MHz, well beyond our needs. The LabView interface will capture
the raw data rather than a screenshot, so that you may perform post-processing.

A conventional scope probe measures the voltage between the probe tip and ground. The
little alligator clip is ultimately connected to the chassis, which goes to the third prong of
the line cord, which goes to earth. In most circuits, this is great. In power circuits, though,
this poses a huge problem. How can you measure line-to-line voltage if your probe has one
lead connected to earth? If you try to do so, you will damage the scope.

Therefore, we use isolated di�erential probes, Tektronix P5205, shown in Figure 15. The
red and black leads from the P5205 will plug directly into safety sockets. The output cable
is intended to plug into a TekProbe oscilloscope. Since the TBS2074 supports only TekVPI,
adapters are needed (visible in Figure 14). Also, the P5205 has a few di�erent options. The
attenuation should normally be set to 500X. The bandwidth can be limited if your signals
are too noisy.

We also need to measure current, for which we use A6302 current probes, which are
FRAGILE . A drop from as little as a few inches can irreparably damage the probe! Fig-
ure 16 illustrates the probe itself. There is a slide that opens the probe to clamp around a
wire. Notice that there is a small white arrow on the part that slides, which indicates the
current polarity. The black slide needs to be pushed all the way up to lock the probe.

These current probes need external ampli�ers, shown in Figure 17. The ampli�ers pro-
duce a signal that is most appropriately measured with the oscilloscope set to 10 mV/div.
The connection between the ampli�er and the scope uses a standard 50
 cable, which needs
to be terminated for proper results. To properly use a current probe, follow these steps:

11



Figure 15: Tektronix P5205 di�erential voltage probe

(a) Pro�le

(b) Unlocked

(c) Locked

Figure 16: A6302 current probe
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