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The market offers micropumps covering a wide range 
of flow rates. However, the dynamic flow rate range of 
such pumps is typically limited to two to three orders 
of magnitude and the rise pressure often is below 1 kPa, 
with high performing piezoelectric pumps reaching 10-
20 kPa. We present a magnetic shape memory (MSM) 
micropump delivering water against a backpressure up 
to 300 kPa (3 bar). When properly regulated in closed 
loop control, the pump may transport fluids at flow 
rates from 0.01 to 1000 µl/min.  
 
A cuboid element of monocrystalline MSM alloy forms 
the entire pump mechanism. This smart material is an 
alloy of nickel, manganese and gallium (Ni-Mn-Ga).  
The MSM effect, which is the coupling of the 

structural and magnetic order, is responsible 
for the large shape change (nominally 6%). A variation 
of magnetic field causes the shape change through a 
process known as twinning. Magnetic actuation is 

precisely changed without contacting the device itself. 
The magnetic dipole field of a small, diametrically 
magnetized magnet creates a localized shrinkage in a 
nearby MSM element. This shrinkage follows the poles 
of the magnet as the magnet rotates and moves through 
the MSM element. The MSM micropump is realized by 
encapsulating the MSM element in a sealed conduit  
the shrinkage then becomes a cavity and moving the 
cavity allows for fluid transport.  The MSM micropump 
transports fluid peristaltically similar to how humans 
swallow.  Thus, the MSM material is analogous to a 
metal muscle. 
 
The viability of this technology has been demonstrated 
across multiple applications.  In 2012, Ullakko et al. 
built an MSM micropump and demonstrated 
compatibility with PCR and human DNA profiling [1]. 
Barker et al. delivered drugs to the brain of rats with an 
MSM micropump in a neurophysiological study on 
schizophrenia [2].  Thomas et al. studied transport 
properties of artificial cell membranes (i.e. droplet 
interface bilayers) by controlling the size of aqueous 
micro-droplets in organic suspension [3].  
 
The response time of MSM alloys in pulsed magnetic 
field experiments is below 5 µs [4] allowing for 
theoretical actuation frequencies in the kHz range. Self-
induction and eddy-currents may impair the material 
actuation at such high frequency, and microfluid 
dynamics may further limit pumping at such high 
frequencies. However, Smith et al. demonstrated flow 

rates up to 30 µl/s (or 1,800 µl/min) at an actuation 
frequency of 270 Hz [5]. 
 
We built an MSM micropump with a Ni-Mn-Ga 
element contained in a PMMA housing, actuated by a 
diametrically magnetized N52 Nd-Fe-B magnet. We 
actuated the pump with a NEMA 8 stepper motor and 
controlled the motor using a Raspberry Pi computer. 
Figure 1 shows the micropump. The magnet actuates 
the pump contact-free. 
 
As shown in Figure 2, we connected the MSM 

Micro Coriolis Mass Flow 
Meter BL100 to precisely measure the performance of 
the MSM micropump [6]. The BL100 is a true mass 
flow Coriolis meter for the flow range of 0.01-2 g/h 
(0.17-33 µL/min) for water. The mass flow 
measurement is independent of the type of liquid, has a 
fast response (200 ms) and has an unrivaled accuracy 
in this flow range (1% reading plus 0.1% full scale). 
Therefore, it is very suitable to characterize 
microfluidic pumps and flow sensors. 
 
Figure 3 shows the measured flow rate as a function of 
actuation frequency at zero back pressure. The flow 
rate increased linearly up to the maximum frequency of 
320 revolutions per minute (RPM) where it reached 2.2 
g/h (132 µl/min). Figure 4 shows the flow rate as a 
function of back pressure with constant actuation 
frequency of 320 RPM. The flow rate decreased 
monotonically with increasing actuation frequency. A 
back pressure of 3 bar suppressed the flow.  
 
In these experiments, the software limited the actuation 
frequency. Extrapolating the data shown in Figure 2 to 
1,000 RPM (which is within the specifications of the 
NEMA 8 stepper motor) yields a flow rate of 400 
µl/min, and with Figure 4, a potential maximum back 
pressure of 10 bar. The MSM alloy Ni-Mn-Ga has a 
blocking stress of about 5 MPa (50 bar) [7], which 
denotes the theoretical backpressure limit of the MSM 
micropump. 
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Figure 1: The MSM micropump. The inlet and outlet 
ports in the acrylic housing are threaded to 
accommodate two microfluidic 6-32 connectors with 
1/16 steel ferrules. A rotating magnet actuates the 
pump contact-free.  

 

Figure 2: Measurement set-up consisting of the MSM 
micropump (left) and 
Mass Flow Meter BL100 (right).  

 

Figure 3. Flow rate as a function of rotation speed. The 
flow rate increases linearly with actuation frequency. 

 

Figure 4. Flow rate as a function of back pressure at 
an actuation frequency of 320 RPM. The flow rate 
decreases monotonically and vanishes at 3 bar. 
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