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1. Presentation

The Quanser SRV02 plant plus the gyroscope module are depicted in Figure 1. The gyroscope module 
itself consists of a rotating disk mounted inside a frame. It can be actuated about its center through a 
DC motor. An internal blue frame holds the rotating disk and is attached to an external frame through 
two shafts at both ends. A gear mechanism is connected between one of these end shafts and an encoder 
that measures the rotation of the blue frame about the shafts. Two springs are also attached between the 
other end of the blue frame and the base of the external frame in order to provide tension for the inner 
frame structure. The external frame has a hole at its base through which it can be mounted on the output 
shaft of a SRV02 plant. This allows actuation of the gyroscope module about the SRV02 output shaft. 
 

Figure 1: Quanser SRV02 and the Gyroscope Module

The SRV02 plant is mounted on a 2-plate structure. This structure consists of two plates mounted on 
top of each other that are free to rotate on top of each other. This allows the SRV02 plus gyroscope 
structure to be manually rotated relative to a fixed surface. Such an action can be thought of as an 
external disturbance that one might apply to the gyroscope system. 

For more information regarding the SRV02 plant specifically, please refer to [1].
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Gyroscopes are widely used in systems that control and guide the orientation of space satellites, 
airplanes, submarines, etc. The Quanser SRV02 and gyroscope system provides a great platform to 
study gyroscope properties along with control experiments that resemble real-life applications of the 
gyro.

2. SRV02 and Gyroscope Plant Components

The SRV02 plus gyroscope components are identified in Section  2.1. Some of these components are 
then described in Section 2.2. 

2.1. Component Nomenclature
The main components of the rotary gyroscope system are labeled below in Figure 2 and listed in Table
1. Please use the ID # to locate and match each component in the figure as well as the table.

ID # Component ID # Component 
1 Disk/Rotor 6 Gear mechanism
2 DC motor 7 Gyroscope module encoder connector 
3 Inner frame 8 SRV02 plant
4 Encoder for inner frame rotation 

measurement
9 Support base plates

5 Tension springs 10 Hold clamps
11 Outer Frame 12 Gyroscope rotation disk motor connector 

Table 1: SRV02 plus gyroscope module system components
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Figure 2: SRV02 plus gyroscope module system components

2.2. Component Description

2.2.1. Disk/Rotor
The rotor is used to acquire angular momentum for rotational dynamics experiments by spinning about 
its spin axis. 

2.2.2. DC motor
This component is depicted by #2 in  Table 1 and Figure 2 and is used to rotate the disk (component 
#1).  The  motor  is  actuated  by  a  constant  voltage  supplied  from  the  power  amplifier  unit  that 
accompanies the experiment. 
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2.2.3. Inner frame
This component is depicted by ID #3 in Table 1 and Figure 2. It provides support for the rotor and the 
DC motor used to spin it. This frame itself is connected to an outer frame via two shafts at its two ends. 
This allows rotation of the rotor and inner frame structure about these shafts. 

2.2.4. Encoder for inner frame rotation measurement 
This component is denoted by ID #4 in Table 1 and Figure 2. Digital position measurement of the inner 
frame  rotation  about  its  support  shafts  is  done  using  a  US  Digital  optical  high  resolution  (1024 
counts/rev) encoder.  

2.2.5. Support springs
These components  are identified with ID #5 in  Table 1 and  Figure 2 and are two springs that are 
attached  to  the  inner  frame  at  one  end and to  the  outer  frame  base  surface  at  another  end.  This 
mechanism stabilizes the inner frame structure from undesired disturbances.

2.2.6.  Gear mechanism
These components are identified with ID #6 in  Table 1 and  Figure 2. They are used to translate the 
rotation of the inner frame and rotor disk structure to the shaft to which the encoder is connected to.  
This mechanism introduces a 1:4 gear ratio from the frame shaft to encoder shaft that has to be taken 
account when converting the encoder measurement to inner frame shaft rotation measurement.

2.2.7. Gyroscope module encoder connector 
This component is identified with ID #7 in  Table 1 and  Figure 2 and provides measurement of the 
gyroscope module deflection angle.

2.2.8. SRV02 plant
For more information on this component please refer to [1].

2.2.9. Support base plates
These components are identified with ID #9 in Table 1 and Figure 2. One of them to which the rubber 
plastic pieces are attached is used for support and the second plate with the clamps is used to hold and 
rotate the SRV02 and gyroscope structure with respect to the support plate.

2.2.10. Hold clamps
These components are identified with ID #10 in Table 1 and Figure 2 and are used to tighten the 
SRV02 plant to the base support plates. This can be done by using an Allen key to tighten the screws of 
each clamp.

2.2.11. Gyroscope rotation disk motor connectors
This component is identified with ID #12 in  Table 1 and Figure 2 and connects to a power source on 

Document Number 908 ♦ Revision 1.1 ♦ Page 4



SRV02 Gyroscope User Manual

the amplifier to provide the required voltage for the DC motor of the rotation disk.

3. System Parameters

Table 2  lists and characterizes the main parameters associated with the SRV02 plus gyroscope  system. 
Some of these parameters can be used for mathematical modeling of the plant as well as to obtain 
system equations of motion.

Description Variable Value Unit
Motor torque constant Kt 0.02 N.m/Amp
Motor armature resistance Rm 5.3 Ohms
Armature inductance Lm 0.580 mHenry
Nominal voltage Vnominal 12 Volts
Armature inertia Jm 1.4e-6 Kg.m²
Operating current Inominal 0.23 Amps
Flywheel radius Rdisk 0.0508 Meters
Flywheel mass Mdisk 0.8 Kg
Flywheel inertia about spin axis Jdisk 1.0323 Kg.m²
Gyro module inertia about input axis Jg 0.002 Kg.m²
Spring stiffness Ks 1.9089e3 N/m
Gear mechanism ratio Kg ¼ m/m
Encoder resolution (in quadrature mode) Kenc 4096 counts/rev

Table 2: SRV02 and gyroscope system specifications 

4. System Setup

You can use the instructions provided in section 5.1 to wire the system together with the amplifier and 
the terminal board. The following steps should be performed before wiring the system:

1. Setup the SRV02 in the high-gear configuration as explained in [5].
2. Place the gyroscope module on top of the SRV02 plant such that the servo output shaft inserts 

the hole on the bottom platform of the gyroscope module and it can freely rotate about the shaft.
3. Place the base plate with the 4 plastic support legs on a flat surface. Place the other support  

plate with the 4 blue clamps on top the first plate such that the clamps are facing upward and the 
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blue shaft in the middle of the plate inserts the hole on the bottom plate.
4. Place the SRV02 + Gyroscope system on the support plate and secure it in place by rotating the 

clamps to hold the SRV02 and tightening the screw on each one.

5. Wiring Procedure

The following is a listing of the hardware components used in this experiment:
● Power Amplifier: Quanser VoltPAQ-X1, or equivalent.
● Data Acquisition Board: Quanser Q2-USB, Q8-USB, or equivalent.
● Experiment Platform: Quanser SRV02 with Gyroscope module   

5.1. Cable Nomenclature
Table 3 provides a listing of the standard cables shipped with and used in the wiring of the SRV02 and 
gyroscope system:

Cable Designation Description
RCA

to
RCA

This cable connects an analog output of the 
data acquisition terminal board to the power 
module for proper power amplification.

5-pin-stereo-
DIN
to

5-pin-stereo-
DIN

This  cable  carries  the  encoder  signals 
between an encoder connector and the data 
acquisition  board (to  the encoder  counter). 
Namely,  these  signals  are:  +5VDC  power 
supply, ground, channel A, and channel B.

6 pin mini-din 
cable

This  cable  carries  the  voltage  required  for 
the DC motor to spin the disk.  It gets this 
voltage  from  the  amplifier  S1  &  S2 
connector.
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4-pin-DIN
to

6-pin-DIN

This cable connects the output of the power 
module,  after  amplification,  to  the  desired 
DC  motor  on  the  servo.  One  end  of  this 
cable  contains  a  resistor  that  sets  the 
amplification  gain.  For  example  when 
carrying a label  showing "5" at  both ends, 
the  cable  has  that  particular  amplification 
gain. Typically a load cable gain of “1” is 
used for most SRV02 experiments.

Table 3: Cable Nomenclature

5.2. Typical Connections
This section describes the typical connections used to connect the SRV02 gyroscope plant to a data-
acquisition board and the amplifier. The connections are illustrated in Figure 3 and summarized in 
Table 4. The details of the wiring procedure are given thereafter.

Caution: Make sure the amplifier and PC are turned OFF before performing the system wiring.

Cable From To Signal
1 Terminal Board: 

Analog Output #0
Amplifier “Amplifier 
Command” connector 

Motor control signal to the amplifier 

2 Amplifier “To Load” 
connector 

SRV02: “Motor” connector Amplified control command 

3 Terminal Board 
Encoder Input 0

Gyroscope Module: “Encoder” 
connector 

Encoder count proportional to the 
inner frame rotation. 

4 Amplifier “S1 & S2” 
connector 

Gyroscope Module: “6-pin mini 
DIN” connector 

Supplies fixed DC voltage to spin 
the rotor  

Table 4: SRV02 and gyroscope system wiring summary.
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Figure 3: SRV02 Gyroscope Connections

NOTE: The wiring depicted in Figure 3 uses a generic two-channel data-acquisition device and a 
single-channel amplifier and may not resemble the configuration of your particular system. For 
instance, you may have a DAQ device with more than two channels. 

5.2.1. Connection Details
Please follow the steps below to wire the SRV02 gyroscope system:

1. Before proceeding with the connections, make sure the Quanser HIL board is already installed 
as discussed in [3]. If another data-acquisition device is being used, e.g. NI M-Series board, 
please consult the appropriate documentation to ensure that the board is installed properly.

2. Connect the 5-pin-DIN to RCA cable between the terminal board analog output 0 connector and 
the amplifier  “From D/A” connector.  This  is  illustrated  by connection  #1 in  Figures  Error:
Reference source not found and Error: Reference source not found.

3. Connect the 4 pin DIN to 6 pin DIN cable between the amplifier “To Load” connector and the 
SRV02  plant  “Motor”  connector.  This  is  illustrated  by  connection  #2  in  Figures  Error:
Reference source not found and Error: Reference source not found.

4. Connect the 5 pin stereo DIN to 5 pin stereo DIN cable between the encoder connector on the 
gyroscope module connector panel and the terminal board encoder input #1. This is illustrated 
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by connection #3 in Figures Error: Reference source not found and Error: Reference source not
found.

5. Connect the 6 pin mini DIN cable between the amplifier “S1 & S2” connector and the smaller 
connector on the gyroscope module connector panel. This is illustrated by connection #4 in 
Figures Error: Reference source not found and Error: Reference source not found.

6. Testing and Troubleshooting

This section describes some functional tests to determine if your SRV02 is operating normally. It is 
assumed that the SRV02 is connected as described earlier. To carry out these tests, it is preferable if the 
user can use a software such as QUARC or LabVIEW to read sensor measurements and feed voltages 
to the motor. See [1] to learn how to interface the SRV02 with QUARC. Alternatively, these tests can 
be performed with a signal generator and an oscilloscope. 

6.1. Motor

6.1.1. Testing
Ensure the SRV02 motor is operating correctly by going through this procedure:

1. Apply a voltage to analog output channel #0 of the terminal board.
2. The motor gear, should rotate counter-clockwise when a positive voltage is applied and 

clockwise when a negative voltage is applied. Remark that the motor shaft and the load shaft 
turn in opposite directions.          

6.1.2. Troubleshooting
If the motor is not responding to a voltage signal, go through these steps:

● Verify that the power amplifier is functional. For example when using the Quanser amplifier 
device, is the red LED in the top-left corner lit?

● Check that the data-acquisition board is functional, e.g. the LED on the Quanser Q2-USB 
should be green. The DAQ board fuse may be burnt and need replacement.

● Make sure the voltage is actually reaching the motor terminals (use a voltmeter or oscilloscope).
● If the motor terminals are receiving the signal and the motor is still not turning, your motor 

might be damaged and will need to be repaired. See section 7 in this document for obtaining 
support from Quanser.

6.2. Encoder 

6.2.1. Testing
Follow this procedure to test the SRV02 encoder:
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1. Measure Encoder Input Channel #1. 
2. Rotate the gyroscope module inner blue frame, one quarter of a full rotation and the encoder 

should measure 1024 counts in quadrature mode. 
Note: Some data acquisition systems do not measure in quadrature and, in this case, one-quarter 
of the expected counts are received, i.e. 256 counts in the SRV02-E or 512 in the SRV02-EHR. 
In addition, some data acquisition systems measure in quadrature but increment the count by 
0.25 (as opposed to having an integer number of counts). Make sure the details of the data-
acquisition system being used is known. The counters on the Quanser HIL boards measure in 
quadrature and therefore a total of four times the number of encoder lines per rotation, e.g. a 
1024-line encoder results in 4096 integer counts for every full rotation.

6.2.2. Troubleshooting
If the encoder is not measuring properly, go through this procedure:

● Check that the data-acquisition board is functional, e.g. the LED on the Quanser Q2-USB 
terminal board should be bright green. If not, then the terminal board or DAQ board fuses may 
be burnt and need replacement.

● Check that both the A and B channels from the encoder are properly generated and fed to the 
data-acquisition device. Using an oscilloscope, there should be two square waves, signals A and 
B, with a phase shift of 90 degrees. If this is not observed then the encoder may be damaged and 
need to be replaced. Please see Section 7 for information on contacting Quanser for technical 
support.

7. Technical Support

To obtain support from Quanser, go to  http://www.quanser.com/ and click on the  Tech Support  link. 
Fill in the form with all the requested software and hardware information as well as a description of the 
problem encountered. Also, make sure your e-mail address and telephone number are included. Submit 
the form and a technical support representative will contact you.

8. References

[1] Quanser. SRV02 User Manual
[2] Quanser. Amplifier User Manual
[3] Quanser. Data Acquisition Board User Manual
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