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Description        1 
 

Introduction        1.1 
 
An introduction to RheoNMR is given in the Bruker report article appended to 

this manual.  The RheoNMR system is designed to work with the Bruker 

Widebore microimaging probe (built by CMR, Queensland, Australia) and 

widebore (89 mm) superconducting magnets fitted with Bruker shim systems. 

 

The RheoNMR system is available in two versions depending on the style of 

the upper shim barrel and this will have been considered at time of ordering 

the accessory. 

 

The RheoNMR controller is compatible with both AMX and Avance consoles. 

 

Before installing this accessory it is important that the user reads this manual, 

noting all warnings, and identifies all parts of the accessory (refer Figure 1). 

 

 

 

 

 

 

 

 

 

 

 

Figure 1:  RheoNMR accessory  
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RheoNMR Cell Kit       1.2 
 

The RheoNMR Cell Kit contains both Couette and “Cone and Plate” cells plus 

various couplings and fittings required to mount the cell and adapt the motor 

and gearbox depending on user requirements. 

 

The RheoNMR Cell Kit consists of the following parts (refer Figure 2): 

 

1x Couette cell:  17 mm inner cylinder OD & 19 mm outer cylinder ID (PEEK) 

1x Couette cell inner cylinder, smooth surface, (PEEK) shipped fitted to Couette 

cell 

1x Couette cell inner cylinder, cross hatched surface, (PEEK) 

1x Cone & Plate assembly (glass/PEEK) 

1x 4ë detachable cone (PEEK) 

1x 7ë detachable cone (PEEK) 

1x 20ë detachable cone (PEEK), shipped fitted to Cone & Plate cell 

2x M3 x 15 Nylon screws (affixing cells to micro-imaging resonator) 

1x 1.5 mm Allen key. NB: magnetic! 

1x ¼” drive converter 

1x Aluminum Couette cell pin removal tool 

 

 

 

 

 

 

 

 

 

Figure 2:  RheoNMR Cell Kit 
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Drive shaft and Drive Interface     1.3 
 

The Drive Shaft enables the RheoNMR cell to be driven by a motor external to 

the magnet.  As the Drive shaft is located inside the magnet, all materials are 

non-magnetic. 

 

The shaft is designed to fit inside the magnet bore, with the tapered base 

resting on the top of the spinner housing.  The length of the shaft depends on 

the internal dimensions of the magnet and hence magnet field strength. 

 

Although the drive shaft has ventilation holes top and bottom, caution should 

be used when carrying out RheoNMR variable temperature experiments to 

ensure the magnet room temperature bore is not exposed to temperature 

extremes.  

 

Depending on the upper shim barrel design the shaft is “locked” in place by 

either a slide and thumb screw or notch that locates to the spin sense 

connector on the upper shim barrel. 

 

The Drive Interface connects the drive shaft to the motor/gearbox assembly.  

There are two versions of the interface available and the one supplied will 

depend on the model of upper shim barrel (refer Figure 3). 

 

 

 

 

 

 

 

 

 

Figure 3:  Drive interfaces (left = BST upper shim barrel, 
right = WB99 shim barrel) 
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Motor and gearbox       1.4 
 

Note: The motor consists of magnetic parts – use caution when 

mounting the motor/gearbox assembly. 

 

The motor/gearbox assembly mounts directly onto the Drive Interface and 

connects the motor to the drive shaft by means of a variable length drive 

adapter. 

 

The motor has a speed range of 0.1 to 14 Hz.  For speeds less than 0.1 Hz a 

fixed ratio gearbox can be fitted on the drive interface between the motor and 

drive shaft. 

 

The motor drive electronics (mounted on the motor) houses a DB9 style 

connector to link the motor to the RheoNMR controller, a push button “manual 

control” switch and a status LED.   

 

The push button “manual control” switch, when depressed, drives the motor at 

a constant 0.1 Hz, which is useful when aligning the motor/gearbox to the 

drive shaft. 

 

The status LED flashes when the drive is in standby and is on continuously 

when the motor is being driven. 
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Motor Controller        1.5 

 

A microprocessor based motor controller communicates with the NMR 

console and controls the rotation of the motor shaft. 

 

During motor operation the lower line of the controller display shows the 

current rate and the corresponding motor shaft speed (refer Figure 4).  For 

example Rate 10,  0.55 means rate 10 which corresponds to a motor shaft 

speed of 0.55 revolutions per second. 

 

 

 

 

 

 

 

 

 

Figure 4:  NMR Rheometer controller 
 

The user can operate the controller in three different ways. 

 

1. The BNC TTL inputs of the controller can be connected the appropriate 

TTL outputs of an AMX spectrometer console.  A pulse on the 

“Increment” input will cause the controller to increase the motor rate 

and likewise a pulse on the “Reset” input will cause the controller to 

stop the motor.  Please note that a minimum pulse width of 1ms and a 

minimum delay of 100ms between successive pulses should be used. 

 

2. The desired motor speed can also be selected manually using the keys 

on the front panel of the motor controller.  The “Increment” and “Reset” 

keys perform the same function as the BNC inputs from the 

spectrometer.  The controller can also run the motor in reverse 
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direction.  This is enabled by pressing and holding the “Reset” key and 

then pressing the “Increment” key.  An “R” character will appear in the 

display to indicate that the motor is reversed for all subsequent 

operations. 

 

3. Through the use of the “Aux” port, the controller can communicate 

directly to an Avance spectrometer console using one of the 

spectrometer’s TTY (RS232) ports.  The Aux interface uses a Baud 

rate of 9600, 8 bit data, no parity, and a single stop bit.  The use of the 

Aux interface allows the user to perform a number of more complex 

motor operations, which are performed using a single command which 

is defined as follows: 

 

Preamble 

   “MC” 

Direction 

“F” or “R” 

Wait on TTL 

  “Y” or “N” 

Rate 

“000”-“159” 

Angle 

“0000”-“9999” 

 

The command is a sequence of 11 upper case characters followed by 

a carriage return character.  For example “MCFN0100360<CR> 

instructs the controller to immediately operate the motor for 360 

degrees (one revolution) in the forward direction at rate 10.  For 

continuous motor operation the angle should be set to “0000”.  To stop 

the motor, a rate step of “000” should be selected.  The “Wait on TTL” 

character is used to delay the start of the motor operation and is useful 

in synchronizing the start of the motor operation with a pulse program.  

If “Y” is selected the controller will wait for a pulse on the “Increment” 

input before activating the motor.  The “Aux” connector pinout is for a 

standard 9 pin RS232 interface where pin 2 is used for data out, pin 3 

for data in and pin 5 for ground. 

 

The controller can operate from a range of mains supply voltages and 

frequencies of 90-240VAC, 50-60 Hz.  A 2A 250V fuse is used to provide 

additional protection should a failure occur.  Refer Section x, Troubleshooting 

Guide, for further information. 
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Spectrometer software      1.6 
 
Under option 1 in the previous section, the Rheo-NMR unit can be driven 

directly from TTL pulses generated by a Bruker pulse programme. The 

relevant pulse programmes are named ‘motorstep’ and ‘motoroff’ and are 

listed in appendix 1. You can incorporate the instructions of these 

programmes into any of your existing pulses sequences, or call the pulse 

programme independently from within an au programme. Examples of au 

programmes that start the motor running and which stop the motor (motorstep 

and motoroff) are also given in appendix 1. 

 

The commands of pulse sequence ‘motorstep’ are as follows. A 1 ms TTL 

pulse to the reset command of the Rheo-NMR controller is generated by 

setf2^3 and setf2|3 statements. The loop to 5 time l8 section of the 

programme generates l8 TTL pulses of 10 ms duration to the shift register 

clock, using the setf2^4 and setf2|4 statements.  The loop counter value l8 is 

read from the current XWINNMR parameter L 8, and to access the full range 

of motor speeds values up to L8 = 159 are possible. The commands of pulse 

sequence ‘motoroff’ are to first ensure that the TTL level for the clock is set 

low, and then a reset TTL pulse is delivered. 

 

The au programme motorstep operates by first storing the current data file 

identifiers in local variables, reading the current data file L 8 value and then 

moving the current data set to a new data file “motor’ in which L 8 is stored 

and the programme “motorstep’ is assigned and then run. On completion of 

motor startup, the spectrometer returns the current data set to the starting 

identifier values. The au programme motorstop carries out the same 

sequence but this time calling the pulse programme ‘motoroff’.  

 

Note, that compilation of the au programmes in an AVANCE or AMX systems 

may require different capitalisation of special ‘C’ instructions, for example,  

getcurdata. 
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Controller installation      2 

 

Avance Spectrometers       2.1 

1. Install software / patch ….. 

2. Connect the RS232 cable to a spare TTY port on the spectrometer. 

3. Run cf and configure the TTY for as …… 

4. With the motor and drive interface removed from the upper shim barrel, 

connect the motor to the controller.  Plug in and switch on the motor 

controller.  The LCD display will read Rheospin V3.0. 

5. From within XWINNMR, run the program ….  Test that the motor is turning 

at around 0.5 Hz.  The LCD display will display Rate 10, 0.55. 

6. If the motor does not operate then refer to Section 4, Troubleshooting 

Guide. 
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AMX Spectrometers        2.2 
 

You will need to take advice from your Bruker representative regarding the 

two spare TTL outputs from the spectrometer which are specified by the 

special instructions within pulse programs. 

 

1. Write the au and pulse programs Motorstep and Motoroff as listed in 

Appendix 2.  Compile and debug the programs. 

2. On the back of the AMX console, connect the Burndy interface box to 

“Back Pan 1” connector (refer Figure 5). 

 

 

 

 

 

 

Figure 5:  Burndy breakout box 

 

3. Identify the H and M TTL outputs of the Bruker spectrometer on the 

Burndy breakout box and connect these to the reset and increment inputs 

of the controller respectively using coax cables.  Note that the coax cables 

are not supplied with the RheoNMR accessory. 

4. With the motor and drive interface removed from the upper shim barrel, 

connect the motor to the controller.  Plug in and switch on the motor 

controller, the LCD will display Rheospin V3.0. 

5. Set up a data file on the spectrometer and set the parameter L8 to 10. 

6. Execute the ‘au’ program Motorstep by typing motorstep in the command 

line then entering ‘return’.  Check that the motor is rotating at 

approximately 0.5 Hz, the LCD will display Rate 10, 0.55.  If the motor 

does not operate then you will need to check that you have selected the 

correct TTL pulses from the spectrometer.  Also refer to Section 4, 

Troubleshooting Guide. 
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Hardware installation      3 

 

Attaching RheoNMR cells      3.1 
 

1. Select the 25 mm diameter Bruker resonator (25-40T/MI). All Bruker 

resonators supplied after November 2002 are pre-drilled for the RheoNMR 

cell.  Resonators supplied prior to this date will require drilling – refer 

Appendix 2, Bruker Resonator Drilling Modifications. 

2. Using the 2x M3 x 15 nylon screws, to attach the Couette cell to the 

resonator, assemble the microimaging probe and insert as normal into the 

magnet.  Note that the cell has two sets of holes.  Those with narrower 

diameter separation are to be used with the new (CMR) microimaging 

probe. The wider spaced holes are for use with the older (Spectrospin) 

microimaging probe. 

3. Ensure that the spinner housing bore tube is set to the correct height 

within the magnet. The base of the housing should be around 1 mm above 

the top of the gradient set in order to avoid unwanted forces between the 

housing and the gradient coils. 

 

 

 

 

 

 

 

 

 

 

 

 

         Figure 6a:  Cell and modified resonator                             Figure 6b:  Cell/resonator 
                                                                                                           fitted to probehead 
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Installing the Drive Shaft      3.2 
 

1. Insert the drive shaft gently into the spinner housing bore with the tapered 

end downward. 

2. Ensure that the bottom of the drive shaft couples with the cell drive 

connector by gently turning the end of the shaft by hand. 

3. For the older style BST type upper shim barrels (gray in color) it is 

essential that the drive shaft locates with the spin sensor connector on the 

upper shim barrel (refer Figure 7).  For the newer WB99 shim barrels (red 

in color) the Motor Interface locates the drive shaft. 

 

 

 

 

 

 

 

 

 

Figure 7:  BST barrel with drive shaft fitted 
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Installing Motor Interface – without gearbox  3.3 
 
1. Fit ¼” drive converter to the motor. 

2. Mount motor to Motor Interface using 4x M4 x 10 stainless steel screws. 

3. Fit drive adapter to drive converter. 

4. Fit motor interface to upper shim barrel, ensuring it is pushed hard down 

onto the upper shim barrel. 

5. For WB99 shims (red barrel), the drive shaft is located to the motor 

interface by a slide pin.  Rotate the drive shaft until the slide can be 

engaged then lock using the thumb screw. 

6. Adjust the length of drive adapter (rotating drive shaft if necessary) such 

that coupling engages with drive via the torque disk. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8:  Motor mounted on drive interface 
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Installing Motor Interface – with gearbox   3.4 
 
NB: Accessory is shipped with gearbox fitted. 
 
1. If fitted, remove the ¼” drive converter from the motor. 

2. Mount the motor to the gearbox and ensure the gears are engaged.  Fit 4x 

M5 x 10 mm stainless steel screws. 

3. Align motor/gearbox assembly with locating pin on motor interface.  Fit 2x 

thumb screws. 

4. Fit drive adapter to gearbox output shaft. 

5. Fit motor interface to upper shim barrel, ensuring it is pushed hard down 

onto the upper shim barrel. 

6. For WB99 shims (red barrel), the drive shaft is located to the motor 

interface by a slide pin.  Rotate the drive shaft until the slide can be 

engaged then lock using the thumb screw. 

7. Adjust the length of drive adapter (rotating drive shaft if necessary) such 

that adapter engages with drive via torque disk. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9:  Motor/gearbox mounted on drive interface 
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Troubleshooting Guide     4 

 

Once power has been applied the message Rheospin V3.0 should be 

displayed on the top line of the LCD.  The display should also be backlit.  If 

the controller fails to display the message but the display is backlit, please 

consult your Bruker agent for further advice. 

 

If the display is completely blank then check the internal fuse.  If this action is 

unsuccessful contact your Bruker agent.  Please note that a blown fuse 

usually indicates that a severe malfunction has occurred.  Only replace with a 

2A 250V rated fuse. 

 

With the motor connected, the user should be able to test the motor and 

controller using the push buttons on the front panel of the controller.  Refer to 

Section 1.5 of this manual. 

 

If the motor fails to operate, check the motor itself using the following 

procedure:  Press the button mounted directly onto the motor - the motor shaft 

should turn slowly.  If the motor fails to operate contact your Bruker agent for 

further assistance. 

 

Warning: As mains voltages are used within the controller, only suitably 

qualified personnel should attempt to open the controller case. 
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Variations in cell use      5 
 

� � Note that the Couette cell comes with two inner cylinders, one with a 

smooth surface and one with a roughened (cross hatched) surface.  

The inner cylinder may also be filled with fluid and used as a marker for 

the inner cylinder velocity.  Note that it is necessary to remove the 

Couette cell pin in order to gain access to the inner cylinder (refer 

Figure 10). 

 

 

 

 

 

 

 

 

Figure 10:  Removing the Couette cell pin 

 

� � When using the Cone & Plate, be careful not to overfill the cell.  Cones 

may be easily interchanged by pulling the cone off the shaft. 

 

� � Rotation speeds slower than the range covered by the gearboxes and 

direct drive (0.1 to 14 Hz) can be achieved by purchasing additional 

gearboxes. 

 

� � One method of ensuring that the fluid inside the chosen cell is being 

sheared is to carry out an imaging velocimetry experiment.  Examples 

are given in the Bruker Report article in appendix 3.  
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 Appendix 1 

AMX au programs 

 

au program ‘motorstep’ 
 
 
     1  /*  motorstep                                    * / 
     2  /*  2/7/01     bm                              * / 
     3 
     4  char s25[25]; 
     5  char save_name[20], save_user[20]; 
     6  int  save_expno,save_procno; 
     7  int  helpi; 
     8 
     9  getcurdata; 
    10  Show_status("AU program motorstep"); 
    11  (void)strcpy( save_name, name ); 
    12  (void)strcpy( save_user, user); 
    13  save_expno = expno; 
    14  save_procno= procno; 
    15  fetchpar("L 8", &helpi); 
    16 
    17  /*      Go to the dataset motor         */ 
    18 
    19  DATASET( "motor", 1, 1, disk, user ); 
    20  rpar("standardim1d", "all"); 
    21  storepar("PULPROG", "motorstep"); 
    22  storepar("L 8", helpi); 
    23  ZG; 
"motorstep" [Read only] 27 lines, 592 characters 
 
 

au program ‘motoroff’ 
 
    1  /*  motoroff                                     */ 
     2  /*  2/7/01     bm                              * / 
     3 
     4  char s25[25]; 
     5  char save_name[20], save_user[20]; 
     6  int  save_expno,save_procno; 
     7 
     8  getcurdata; 
     9  Show_status("AU program motoroff"); 
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    10  (void)strcpy( save_name, name ); 
    11  (void)strcpy( save_user, user); 
    12  save_expno = expno; 
    13  save_procno= procno; 
    14 
    15  /*      Go to the dataset motor         */ 
    16 
    17  DATASET( "motor", 1, 1, disk, user ); 
    18  rpar("standardim1d", "all"); 
    19  storepar("PULPROG", "motoroff"); 
    20 
    21  ZG; 
    22  DATASET( save_name, save_expno, save_procno, disk, save_user ); 
    23  Show_status("motor switched off"); 
"motoroff" [Read only] 25 lines, 518 characters 
 
 

pulse program ‘motorstep’ 
 
     1  ; motorstep 
     2  ; pulse program to set the motor on desired velocity step 
     3  ; 2/7/01      bm 
     4 
     5          5m 
     6          setf2^3 
     7          1m 
     8          setf2|3         ; reset clock 
     9          5m 
    10  5       setf2^4 
    11          10m 
    12          setf2|4         ; shift clock 
    13          100m 
    14          lo to 5 times l8 
    15          5m              ; leave it at this speed 
    16          exit; 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
"motorstep" [Read only] 16 lines, 237 characters 
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pulse program ‘motoroff’ 
 
     1  ; motoroff 
     2  ; pulse program to switch the motor off 
     3  ; 2/7/01      bm 
     4 
     5          5m 
     6          setf2|4 
     7          5m 
     8          setf2^3 
     9          5m 
    10          setf2|3 
    11          5m 
    12          exit; 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
"motoroff" [Read only] 12 lines, 117 characters 
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Appendix 2 

Bruker resonator drill ing modifications 
 

 
For resonators delivered before November 2002 (with end caps made of white 

PTFE), it is necessary to drill and tap 2x 3.0 mm metric holes (refer Figures 

11 & 12).  This work should only be carried out by an experienced mechanical 

engineer.  NB: Do not drill beyond the air gap i.e. beyond the start of the RF 

screen. 

 
 
 
 
 
 
 
 
 
 
 

Figure 11:  Drilled resonator 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 12:  Drilling diagram for resonator 
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Appendix 3 

Bruker Report article 
 
 
 
 
 
 
 


