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1 Preface  

1.1 Scope  

Pineõs Modulated Speed Rotator (MSR) is a solid -state -controlled servo -system 

designed to rotate an electrode in an electrochemical cell.  This manual 

describes the proper use of the MSR rotator and covers routine operating 

procedures, periodic maintenance and calibration, and safety issues.  

The reader of this manual is assumed to have some basic knowledge of 

electronics, electrochemistry, and the modern practice of voltammetry.  While 

some background information is presented in this manual, the reader is referred 

to the appropriate scientific literature for more detail regarding the the ory and 

practice of hydrodynamic voltammetry.  

1.2 Copyright   

This publication may not be reproduced or transmitted in any form, electronic or 

mechanical, including photocopying, recording, storing in an information 

retrieval system, or translating, in whole or  in part, without the prior written 

consent of Pine Research Instrumentation.  

1.3 Trademarks  

All trademarks are the property of their respective owners . 

WaveNow® and AfterMath® are registered trademarks of  Pine Research 

Instrumentation (Durham  NC).  

1.4  Certifications  

 

This instrument complies with one or more EU directives and bears 

the CE marking.  See the "CE Declaration of Conformity" attached 

to the end of this  manual  for more details.  

1.5 Warranty  

The MSR Rotator is warranted to be free from defects in material and 

workmanship for a six month period from  the  date of shipment to  the  original 

purchaser and when used under normal conditions. The obligation under this 

warranty is limit ed to replacing or repairing any part or parts which shall upon 

examina tion disclose to Pine Research Instrumentation õs satisfaction to have 

been defective and shall have been returned freight prepaid and clear of 

encumbrances to Pine Research Instrumentation  within the warranty period.   

This warranty is offered expressly in lieu of all other warranties, expressed or 

implied and all other obligations or liabilities . 
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1.6 Specifications  

All specifications are subject to change without notice.  

Power  100 - 240 VAC, +/ -10%; 50/60 Hz; 2A 

Shipping Information  

 

shipping weight:  55 pounds  (25 kg)  

shipping d imensions:  24.0 x 24.0 x 24.0 in (61 x 61 x 61 cm)  

Dimensions  

(L x W x H) 

control  unit: 11.4 x 10.1 x 5.75 in (29 x 26 x 15 cm)  

rotator enclosure:  18.8 x 15.5 x 21.0 in (48 x 40 x 54 cm)  

Operating Temp erature  10 ºC to 4 0 ºC (50 ºF to 104  ºF) 

Moto r 

 

 

motor power:  15 W 

supply voltages:  +30 VDC, - 24 VDC  

motor type:  permanent magnet  

Motor Protection  

 

2 Amp thermal -type circuit breaker  

current limited power supplies  

Rate Control  

 

closed loop servo -system 

temperature compensated tach ometer mounted on motor shaft  

Rate Display  4 ½ digit display indicates  rotation  rate  (RPM) 

Rate Accuracy  

 

100 to 200  RPM:  accurate to within ± 2 counts of display reading  

200 to 10,000 RPM:  accurate to within ± 1% of display  reading  

Control s 

 

 

front panel:  10-turn rotation rate control knob  

 button to reset circuit breaker  

rear panel:  power switch  

Rotation Rate Input  

 

 

 

allows optional external signal to control rotation rate (banana jack)  

selectable control ratio:  1 RPM/mV ( default ) 

 2 RPM/mV  

 4 RPM/mV  

Rotation Rate Output  

 

allows optional external monitoring of rotation rate (banana jack)  

output signal ratio : 1 mV/ RPM (±  1.0%) 

Rotator Motor Stop  rear panel input optional digital motor stop signal (banana jack)  

Chassis Ground  

 

metal binding post (banana jack) connects to ground lead of 

power cord and to control unit  chassis 

Common Jack s DC common  (3 black banana  jacks ), isolated from chassis ground  

Slew Rate of Motor  approximately 300,000 RPM/sec  maximum  (no load)  

Bandwidth  > 50 Hz, -1 dB 

(at 1000 RPM peak to peak modulation on a  2000 RPM base rate ) 
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1.7 Safety  Notices  

Throughout this manual there are safety notices which are indicated with 

special icons as shown below (see Figure 1.1).  When working with the rotator 

and related accessories  take heed and abide by all safety warnings.  Failure to 

do so m ay result in damage to property, personal injury , or both .   

 

CAUTION: 

Indicates information needed to prev ent injury or death to a 

person or to prevent damage to equipment.  

 

RISK OF ELECTRICAL SHOCK: 

Indicates  information needed to prevent injury or death to a 

person due to electrical shock . 

 

RISK OF ELECTROSTATIC DAMAGE: 

Indicates information needed to prevent damage to 

equipment due to electrostatic discharge . 

 

RISK FROM LASER LIGHT: 

Indicates information needed to prevent eye injury due to 

laser beam light.  

 

CHEMICAL INCOMPATIBILTY: 

Indicates chemical incompatibility information needed to 

prevent damage to equipment.  

 

DISCONNECT POWER: 

Indicates when the power cord should be disconnected 

from the power source prior to performing an operation.  

 

TEMPERATURE CONSTRAINT: 

Indicates when an operation or use of an object is limited to  

a specified temperature range.  

Figure 1.1: Special Icons Used to Indicate Safety Information  
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1.8 Notes and Hints  

Throughout this manual there are highlighted notes and information which are 

indicated with special icons as shown below (see Figure 1. 2). 

 

Note:  

Important or supplemental information.    

 

Tip: 

Useful hint or advice .   

Figure 1.2 : Special Icons Used to Highlight Useful Information  

1.9 Technical Service Contact  

For questions about proper operation of the MSR rotator system or other 

technical issues, please contact Pine Research Instrumentation directly using the 

contact infor mation below:  

Pine Research Instrumentation  

www.pineinst.com/echem  

Phone:  +1 (919) 782-8320 

FAX: +1 (919) 782-8323 

1.10 Factory Return Service Address  

In the event that the rotator or one of its components or a related accessory 

must be returned to the factory for service, please contact Pine Research 

Instrumentation (see contact information above) to obtain a Return Material 

Authorization (RMA) form.  Include a copy of this RMA form in any and all 

shipping cartons and ship the cartons to the factory address bel ow:  

Pine Instrument Company  

104 Industrial Drive  

Grove City PA 16127  

USA 

Phone:  +1 (724) 458 -6391 

 

 

Return Material Authorization Required!  

Do not ship equipment to the factory address above without first 

obtaining a Return Material Authorization (RMA) form from Pine 

Research Instrumentation.  Call +1 (919) 782 -8320 for RMA. 
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2 Description  

The MSR rotator provides  excellent steady -state control  of constant rotation 

rate s, but it also offers outstanding acceleration/deceleration control  for  those  

applications where the rotation rate must be modulated.  The base rotation rate 

(for  steady -state constant rate control) may be manually adjusted  from 50 to 

10,000 RPM by turning a  ten -turn potentiometer  knob  located on the front panel 

of the control unit.  As the knob is turned, a  built -in tachometer measures the 

actual rotation rate, and this rate is c ontinuously displayed on the front panel of 

the control unit.  Ma nually turning the knob and observing the rotation rate is by 

far the most common manner in which the rotation rate is selected.  

More complex control of the rotation rate is possible w hen the MSR rotator is 

connected to  a potentiostat system capable of s up plying an analog rotation 

rate signal .  While specific details vary from one system to another , the basic 

idea is that  the potentiostat produces  an analog signal  that is proportional to 

the target rotation rate.  This analog signal is carried by a cable (supplied by the 

potentiostat manufacturer) to a pair of input banana jacks on the front panel of 

the MSR control unit.  This connection permits the software which  controls the 

potentiostat to control the rotation rate using a constant voltage level (for 

steady -state rotation) or a more complex waveform such as a sine wave (for 

hydrodynamically modulated voltammetry).  

The rotator is able to accurately follow complex  waveforms and create the 

desired rotation rate response by using  a high rate, low inertia, permanent 

magnet DC motor in combination with  a high voltage, bi -polar power supply .  In 

general, the MSR can track and follow low frequency (less than 100 Hz) exte rnal 

input signals with amplitudes that do not exceed 10% of the baseline rotation 

rate.  The usual proportionality between the applied potential and the rotation 

rate is 1.0 RPM/mV, but a hardware jumper setting inside the control unit may be 

used to sele ct the different  ratio s (see Section 6.7) . 

The rotation rate is typically  monitored by  observing the front panel display on 

the control unit.  In addition, the tachometer measurement can be monitored 

by  connecting an oscilloscope, voltmeter, or other recor ding device across the 

two output banana jacks on the front panel.  The voltage  signal from the 

tachometer presented at these  output  jacks is proportional to the rotation rate.  

The ratio used for this signal is 1.0 mV/RPM.  

The control unit is connected to  the motor unit using a conventional HD -15 

òVGA cableó like those used for connecting a display monitor to a computer.  

The usual cable  length  is 183 cm  (72 in), but longer distances can be spanned 

by chaining together multiple cables.  
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The motor unit can b e positioned vertically along a center post that  is mounted 

in a sturdy and chemically resistant enclosure  base .  A flat cell platform can also 

be positioned along the center post, making it easy to raise and lower the cell 

with respect to the motor unit.  The electrochemical cell can be further secured 

by clamping it to a side post  located adjacent to the center post . 

The motor unit and electrochemical cell are enclosed on the back side by a 

rear wall permanently attached to the enclosure  base.  The cell a nd motor are 

further enclosed on the front side by a transparent enclosure window.  The 

enclosure window can be removed to set up the cell,  but the enclosure window 

must be securely mounted to the enclosure base  before rotating the electrode . 

 

CAUTION: 

Do not rotate the electrode unless the enclosure window is 

securely mounted to all  four pins  as shown below.  

 

 

The rotator may be used with rotating disk el ectrodes (RDEs), rotating ring-disk 

electrodes (RRDEs), and rotating cylinder e lectrodes (RCEs).  Connections to the 

rotating electrode shaft  are made by two pairs of silver -carbon brushes.  For 

RDEs and RCEs, all four brushes make contact with the rotating shaft and may 

be shorted together to obtain four points of contact.  For RRDEs, the upper  brush 

pair contact s the disk electrode, and the lower pair contacts  the ring electrode.  
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2.1 Major System Components  

The table and photo  below  (see Figure 2.1) show  the major system components . 

 

 

Figure 2.1: Major Components  of the Pine MSR Rotator System  
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1 Center Post  
The cell platform, support collar, and motor 

unit are supported by the center post.  

2 Motor Unit  
The motor unit is mounted on the center 

post and holds the motor and brushes.  

3 Cell Platform  
The cell platform supports cells with flat 

bottom surfaces.  

4 Enclosure Base  
The support frame is fabricated from 

chemically -resistant  polymer.  

5 Support Collar  
The support collar helps prevent motor from 

unexpectedly sliding down center post.  

6 Side Post 
The side post is a support for cell clamps and 

can be installed in one of two positions.  

7 Enclosure Windo w 
This is a transparent  window covering  the 

front of the overall enclosure . 

8 Motor Control Cable  
This cable connects the control unit to the 

motor unit.  

9 
Banana Cables  

(red and blue)  

The pair of red brush contacts are used with  

rotating disk electrode s (RDE) and rotating 

cylinder electrode s (RCE).  The pair of blue 

contacts is only used with  rotating ring -disk 

electrode s (RRDE), in which case the blue 

brushes make contact with the ring  while 

the red brushes contact the disk.  

10 Control Unit  
The control  unit contains  the power supply 

and rotation rate control circuitry.  
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2.2 Control Unit Components  

The table and photo below (see Figure 2.2) show the control unit components.  

10 Control Unit  
The control unit contains  the power supply 

and rotation rate control circuitry.  

11 Rotation Rate Display  4 ½ digit display of rotation rate  (RPM) 

12 Rotation Rate Knob  10 turn knob  for manual  rotation rate  control  

13 
Chassis Ground  

(Earth Ground)  

Connected to the control u nit chassis, earth 

ground (via  the  third prong on the power 

cord), and motor u nit chassis (via the motor 

control cable).  

14 Reset Button  Motor circuit breaker reset  

15 Signal Ground  DC signal common (isolated from chassis)  

16 
Rotation Rate  

Input Signal  

External c ontrol of the rotation rate  is 

possible by applying a voltage signal across 

these banana jacks  (see Section 4.6.3).  

(1, 2, or 4 RPM/mV ratio, 50K Ǹ impedance)  

17 
Rotation Rat e 

Output Signal  

A voltage signal proportional to the rotation 

rate  is presented at these banana jacks.  

(1.0 mV/RPM, ~600 Ǹ output impedance)  

18 Control Box Cover  Metal cover  

19 Control Box Cover Screws  Metal screws that hold cover on control unit  

20 Motor Stop Input Signal  
This digital  logic  signal  is used to stop 

electrode rotation (see Section 4.6.4).  

21 Signal Ground  DC signal common (isolated from chassis)  

22 Motor Cable Connector  Accepts one end of motor control cable  

23 Serial Number Plate  Unique system serial number  

24 Power Cord Connector  Connects to external electrical power  cord  

25 Power Switch  Main power switch (with circuit breaker)  
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Figure 2.2: Control Unit  Front and Back  Panels 
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