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INTRODUCTION
Dispense pumps generate the fluid movement needed for aspirating and dispensing spe-
cific volumes of fluid. The system’s requirements, including accuracy, pressure, flow 
rate, fluidic properties, longevity, and reliability will determine the type of pump needed 
for your application. This guide provides background information for determining how to 
use Lee variable volume pumps effectively and efficiently in your designs.  

Lee variable volume pumps are intended for a long and maintenance-free life, even 
when dispensing aggressive fluids. These pumps are designed with innovative solutions 
developed by The Lee Company to minimize wear and maintain performance over the 
life of the pump. 

KEY CONSIDERATIONS
Operation of the pump requires fluidic, electrical, and mechanical considerations: 
• Fluidically: typically, the inlet of the pump is the side port and the outlet is the 

top port. Inlet and outlet valves (supplied separately) are connected to the 
pump. These valves allow the electrical controller to determine the direction of 
the fluid (aspirate and dispense) by actuating the appropriate valve.

• Electrically: the pump’s stepper motor and the valves are sequenced by a con- 
  troller. This will determine the timing of the piston movement and opening/ 

closing of the inlet and outlet valves.

• Mechanically: the pump should be rigidly mounted, typically with the motor side
down, to allow for the purging of air and bubbles.

The Lee Company offers a wide variety of variable volume pump models, along with 
options to further customize performance to meet the needs of specific applications. 
Visit our website or contact your local Lee Technical Sales Engineer to learn more.
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FIGURE 1

PUMP MECHANICS
MECHANICAL OPERATION
The Lee variable volume pump is composed of three distinct sections: the pump 
drive mechanism, the stepper motor, and the fluid port head. High perfor-    
mance models also include an encoder. 

STEPPER MOTOR

ENCODER

FLUID PORT HEAD

PUMP DRIVE
MECHANISM
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FIGURE 2

THE PUMP DRIVE MECHANISM
The drive mechanism acts as the heart of the pump, generating the 
fluid movement. The drive mechanism is comprised of three main parts: the 
stepper motor, the lead screw, and the housing. The housing serves as a 
mounting point for the drive train as well as the fluid port head, seal, home 
sensor, and mounting bracket. 

The function of a variable volume pump involves a stepper motor that rotates 
a drive nut acting on a lead screw affixed to a piston. As the motor rotates, the 
lead screw advances the piston (in dispense mode) and retracts the piston (in 
aspirate mode). An anti-rotation mechanism in the housing ensures that the 
rotation of the motor is converted into the linear motion of the piston. 

STEPPER MOTOR

MOUNTING BRACKET

ENCODER
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FLUID PORT HEAD
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LEAD SCREW
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THE STEPPER MOTOR
Lee variable volume pumps are driven by a hybrid bipolar stepper motor, 
typically a NEMA (National Electrical Manufacturers Association) Type 17. This 
motor is selected to optimize specific parameters such as accuracy, life, size, 
weight, and power.

The NEMA Type 17, shown below, measures 1.7" square and is one of the 
most commonly used stepper motor styles available today. Known for 
its high torque to size ratio and excellent precision, this motor provides the 
drive solution needed for most applications. 

FIGURE 3
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FLUID CONNECTION
The pump must be connected to the fluidic circuit by either using tubing or 
directly mounting the pump to a manifold.  

PORT HEAD CONFIGURATIONS
The standard port head contains two threaded ¼-28 flat bottom boss ports 
used to connect the system to the pump. The port head creates the fluid 
chamber surrounding the piston. This “wet side” is separated from the 
drive train, sometimes called the “dry side”, by a seal. Standard port 
heads are offered in chemically resistant materials, accommodating a 
wide range of fluids.

1/4 28 FLAT 
BOTTOM
CONNECTION

SEAL

FIGURE 4

MANIFOLD CONFIGURATIONS
In manifold mounted pumps, the port head is replaced with a mounting 
adapter, allowing for the removal of the pump from the manifold with-
out affecting the integrity of the seal. The fluid connection of a manifold 
mounted pump is determined by the manifold, see Figure 8 on page 8 
for more information.

FIGURE 5
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PUMP MOUNTING CONSIDERATIONS
Lee variable volume pumps can be mounted in a variety of ways. Port 
head configurations use a mounting bracket, whereas manifold mount 
configurations have an internal thread for through bolt mounting to a manifold.  

Consideration must be given to the support of the pump as well as its 
orientation. The mounting surface needs to be structurally sound to prevent 
vibration and movement of the pump. Mounting the pump on some surfaces 
may result in transmission and amplification of normal operating sound. Also, 
the orientation of the pump will affect the pump’s ability to purge air. The rec-
ommended orientation of the pump is with the motor facing downward and the 
port head facing upward, as shown below. 

FIGURE 6
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MOUNTING PORT HEAD CONFIGURATIONS
Port head configurations ship with a separate mounting bracket. To install 
this bracket, remove two of the four screws that connect the housing to 
the motor and re-install them with the bracket retained. When installing 
the bracket, it is important to remove only two adjacent screws from the 
housing at a time. If more than two screws are removed, housing 
components may shift, resulting in operating problems.

FIGURE 7

The mounting bracket uses keyhole slots for installation onto the 
instrument. Button-head screws are preferred, but socket head cap screw 
(SHCS), style fasteners may also be used.

SCREW (4X)
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FIGURE 8

MOUNTING MANIFOLD CONFIGURATIONS
Manifold mount pumps have the port head replaced by a manifold adaptor 
plate, allowing the pump to be installed and removed with no degradation 
of pump performance. When installing and removing the pump from a 
manifold, it is important to maintain cleanliness so contamination is not 
introduced into the fluidic system. Refer to the Lee inspection drawing for 
specific manifold mounting hole specifications.

OUTLET PORT

2X MOUNTING HOLES

PISTON CLEARANCE

INLET PORT

PUMP CHAMBER

SEALING SURFACE

2X MOUNTING HOLES
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 ELECTRICAL OPERATION
Lee variable volume pumps are driven by a hybrid bipolar stepper motor. 
These motors generate high torque using low power consumption in a small 
package.  
It is important to review the electrical specifications in the inspection drawing 
prior to operating the pump. All Lee variable volume pumps have home 
sensors which recognize the dispense position of the piston during start up 
and as needed during operation. Optical encoders used for the verification of 
piston movement are also available on high performance models.
Operating the stepper motor of a variable volume pump requires control of the 
operating current and voltage. Some stepper motor drivers include a potentiometer 
to set the drive current, while others can be programmed. Setting the current 
too low will not damage the pump, but can result in missed steps, no movement 
(stalling), or erratic movement. Current levels that exceed the maximum rated 
level can cause overheating of the motor, resulting in permanent damage to 
the motor or other pump components.
 

CONNECTING TO THE MOTOR
The hybrid bipolar stepper motor is characterized by its two sets of wind-
ings, or phases, with four wires in total. The specific color coding is called 
out on the inspection drawing. The lead wires for each phase are not po-
larized and can be connected to either the positive or negative output of 
the stepper motor for a specific phase. If the lead wire pairs for Phase A and 
Phase B are erroneously swapped, the motor will operate in the reverse 
direction. This may lead to damage of the pump.
 

When a pump is not moving, the current can be lowered to “hold” the pump in 
place. This will lower power consumption and reduce heat emission from the 
motor. The holding current is application-specific and is based on the amount 
of pressure in the system. A holding current is always recommended after 
aspirating or dispensing to counteract inertial forces and achieve the overall 
best accuracy. 
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THE HOME SENSOR
The home sensor (often referred to as an End of Stroke sensor) is an 
optical-electrical device which relies on an LED emitter and receiver. The 
sensor outputs a HIGH signal when the beam is unbroken and a LOW 
signal when it is interrupted (piston is at full dispense) by a “flag” which 
is mounted on the piston. Proper operation of the home sensor requires 
a 5 Vdc input voltage. The home sensor outputs a “HIGH” signal when 
the piston is away from the home position. The home sensor outputs 
a “LOW” signal when it is at the home position. Driving the pump into 
the mechanical stop can damage the pump. To avoid this, our design 
includes additional steps beyond the home position in the event the motor 
is not stopped fast enough. The low signal of a sensor may be greater 
than zero volts, so it may be useful to integrate a pull-down resistor in 
your circuit.

HOME SENSOR OUTPUT

FIGURE 9

(2.4 VDC
MINIMUM
HIGH)

(0.4 VDC
MAXIMUM
LOW)

REVERSE
HARD
STOP

FULL
ASPIRATE

HOME FORWARD
HARD
STOP

HOME POSITION
Before dispensing, ensure that the pump is in its home position. This is im-
portant for counting steps during the aspirate cycle. If the pump is not properly 
homed, the piston can run into a hard stop at the end of a stroke. Doing this 
repeatedly may damage the pump.
Some stepper motor drivers include an automatic homing capability, others 
must be programmed. The home sensor is located at the full dispense, or 
fully extended position, of the piston. The home sensor signal is LOW when 
the piston is home and HIGH otherwise. The controller will check the output 
to determine if the piston is home (signal LOW). If the signal is HIGH, slowly 
dispense while monitoring the home sensor for a LOW output signal. This 
homing process will ensure smooth and accurate operation of the pump.  
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THE HOME SENSOR (cont.)
The home sensor LED includes an integrated resistor to limit current. Some 
stepper motor controllers include a resistor built into their output pins. When a 
pump is connected, the multiple in-series resistors may limit the current to the 
point of inoperability of the sensor. If an integrated resistor is used, a special 
sensor will be required. 

There are 5 lead wires coming from the sensor. Two wires are spliced together, 
leaving three connections for the user interface: 

• Output, 5 Vdc (blue)
• Power (red)
• Common/Ground (black)

FIGURE 10

HOME SENSOR
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THE ENCODER
Some Lee variable volume pumps include an optical encoder for enhanced 
motor feedback. The encoder can provide valuable information about the 
health of the pump by verifying that the motor moved as commanded. Variable 
volume pumps are used in open loop mode, even when equipped with an 
encoder, as it is difficult to make corrections after dispensing fluid from the 
pump.

The encoder can be used to determine the minimum current required to op-
erate the pump. In a process known as current titration, the test begins with 
using a low electrical current and slowly increasing it. The software monitors 
the encoder output looking for motor movement to establish the minimum ac-
tuation current. Periodic testing can monitor changes in the minimum current 
needed to operate the pump. If significant increases are noted, the system 
may need service to determine the root cause. This can also indicate that the 
pump is near its end of life.

FIGURE 11
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Total cycle time = 2.465 s 

 Time average pump rate ≈ 24.3 mL/min

PUMP OPERATION
Consideration must be given to the acceleration and deceleration of the motor; the 
pump is not operated using a simple square wave. The Lee Company has developed 
flow profiles, as shown below in Figure 12, to demonstrate the expected output of a 
pump under ideal circumstances. In practice, the output will show more curvature and 
noise and will be influenced by the overall system design.  

The flow profile below demonstrates a complete aspirate and dispense cycle. A 50 ms 
delay between the dispense and aspirate cycle is needed to allow inlet and outlet valves 
to respond. If faster acting valves are utilized, this delay can be reduced. Absence of a 
delay between cycles can result in pressure spikes within the pump. An initial stepping 
rate of 1000 pulses per second has been implemented to completely avoid the pump’s 
harmonic frequency range and to overcome any static friction in the drive components. 
The amount of fluid dispensed is equal to the area under the curve.

FIGURE 12

The flow profile for other models of variable volume pumps are very similar. The 
acceleration rate, maximum step speed, and volume capacity of the pump will 
determine the slope, maximum step speed, and time to dispense, respectively.
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MICROSTEPPING
Microstepping is the ability of a controller to move only fractions of a step. A stepper 
motor is limited by a certain number of discrete steps per revolution (the most 
common is 200 steps/revolution). Historically, microstepping required extremely 
complex and expensive controllers. Today, microstepping is built into most control-
lers and drivers on the market. 

Microstepping is accomplished by controlling the current in each stepper motor 
phase. By increasing and decreasing this current, the driver can effectively produce 
multiple steps within a single step which increases the resolution of the motor. 
Microstepping is also useful for making the output flow smoother over time by 
decreasing the magnitude of each individual step. In practice, however, microsteps 
do not increase the accuracy or precision of the pump.

There is a drawback to microstepping. Dividing a step into smaller parts requires 
both phases to be energized at once (at different levels) resulting in a significant 
drop in torque. Microsteps are generally provided as powers of two. Common 
microstep units are ½, ¼, ⅛, and so on. While some controllers can provide as 
little as a 1⁄512 step, the smallest recommended step size is 1⁄ 16 microsteps to 
ensure enough torque is supplied to the pump. Applications requiring higher 
dispensing pressures may be limited to ⅛ or ¼ microsteps. 
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SPEED AND ACCELERATION
Stepper motors are capable of high-speed operation. However, the mechanical 
components that make up the variable volume pump limit the maximum operating 
speed of the motor. The inspection drawing for each variable volume pump 
addresses the maximum speed. Typically, the speed is shown in half steps per 
second. If microstepping, the maximum speed must be increased proportionately 
to the microstep increment. For example, if the maximum drive speed for a pump 
is listed as 4000 half steps (½) per second, it will need to be adjusted to 8000 
microsteps per second for quarter (¼) microstepping. Please refer to the Micro-
stepping Section on page 14 for more information about microstepping. 

Most stepper controllers provide an input for motor acceleration and deceleration. 
Stepper motor acceleration is measured in steps per second per second, or 
steps/s2. Slow acceleration may cause undesirable fluidic noise in the flow profile. 
As a result, the motor may spend several steps within the harmonic frequency 
range, potentially resulting in erratic performance. On the other hand, high 
acceleration and deceleration speeds may lead to inaccuracy of dispense due 
to missed steps. The Lee inspection drawing will recommend an acceleration 
rate which avoids the harmonic frequency region and is slow enough to prevent 
missed steps, resulting in accurate dispensing. Please contact The Lee Company 
for assistance if special acceleration rates are needed for your application.

https://www.theleeco.com/contact-us/
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ASPIRATE AND DISPENSE
Lee variable volume pump operation involves retracting a piston to aspirate a fluid 
and then extending the piston to dispense that fluid. When the piston is at the 
home position, the motor must be reversed to aspirate fluid. The amount of fluid 
aspirated depends on the number of steps made by the motor. The number of 
steps required to aspirate or dispense a specific volume of fluid can be calculated 
using information from the Lee inspection drawing for the pump.

 Example: 

 # of Steps = Volume Needed / Volume Per Step

 250 µL Pump

 Volume needed: 250 µL
 Volume per full step: 0.2 µL (Reference Drawing)

 # of Steps = 250 µL / 0.2 µL = 1250 full steps

 1000 µL Pump

 Volume needed: 250 µL
 Volume per full step: 0.5 µL (Reference Drawing)

 # of Steps = 250 µL / 0.5 µL = 500 full steps

To dispense, reverse the direction and command the motor to move the same 
number of steps. It is important to ensure that you do not exceed the dispense 
volume of the pump, or damage to the pump may occur.

Time must be allocated to refill the pump in between dispenses. Maximum refill 
speeds will vary depending on the system requirements. Refill speeds may be 
faster than dispense speeds in situations where a slow continuous dispense is 
required. When the maximum dispense rate is required, the refill or aspirate phase 
of the cycle will require at least as much time as the dispense cycle. Slow aspiration 
speeds may be needed to prevent cavitation due to fluid and system conditions 
such as long inlet tube lengths, high inlet restrictions, high viscosity, or low vapor 
pressure. 

MAXIMUM DISPENSE RATES
The maximum dispense rate is a combination of acceleration, constant rate, 
and deceleration. This dispense rate can be sustained for a short period of 
time before the piston reaches the end of its stroke and the pump needs to 
be refilled. Attempting to refill the pump too quickly can result in a significant 
pressure drop, releasing entrained gas from the fluid. The resulting bubbles 
will have a detrimental effect on the dispense accuracy and coefficient of vari-
ation (CV). 
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FLOW STABILITY
Flow stability is critical for certain dispensing applications and can be influenced by 
the step rate, stepper controller, microstepping, and system design. 

A high step rate typically provides stable flow. The ideal pump for flow stability is 
one whose capacity is just above or equal to the required dispense volume. For 
example, if the dosing protocol calls for four dispenses of 250 µL, it may be best 
to choose a 1000 µL capacity pump instead of a 3000 µL capacity pump. This 
allows for more steps in each dispense and therefore a higher dispense rate with 
less pressure pulsation. If the application is particularly sensitive to flow stability, 
it may be advantageous to choose a 250 µL pump and completely aspirate and 
dispense the fluid four times. In addition, microstepping can create smoother flow 
as a result of smaller step increments.

Fluidic system design also affects flow stability. Pulsations in flow generated by 
the pump can be mitigated by using restrictors to create back pressure and/or 
using compliant dampening components such as tubing. Conversely, compliant 
flow controls expand and contract with pressure and can negatively impact 
accuracy and precision. It is important to balance the system to achieve optimal 
performance tailored to each application. For more information about 
system compliance and design, refer to the Best Practices Section on page 29.

MINIMUM DISPENSE RATES
The minimum dispense rate will be dependent on the pump’s size and drive 
characteristics, as well as the system’s fluidic design. Dispense rates can be 
reduced using microstepping, as explained on page 14. In non-contact dis-
pensing, the nozzle tip and system design will impact the volume dispensed. 
Other factors, such as dispense methodology and stability of pressure can 
also have an impact. Refer to the Dispense Methodology and System Compli-
ance Sections on page 29 for additional information. 
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BACKLASH
Backlash in the lead screw is a small amount of movement that occurs between 
the engagement of mechanical threads. This movement is an issue when chang-
ing direction between aspirating and dispensing. Backlash can be minimized but not 
eliminated. Clearance is intentionally left between the drive nut and lead screw to 
allow for smooth rotation. Zero clearance between the lead screw threads and drive 
nut would result in no backlash; however, an extremely tight fit would lead to seiz-
ing, preventing movement. When the travel direction reverses, the nut must ro-
tate several degrees before the surfaces 
re-engage. This can result in a lower 
than intended dispense volume. 

Lee pump specifications include backlash 
in the accuracy and precision (CV) 
ratings. Tighter specifications can be 
achieved by compensating for backlash. 
The number of motor steps required to 
re-engage the mechanical threads of the 
lead screw after changing direction will 
vary from model to model.

Backlash can impact pump accuracy 
beyond the tolerance of your system. In 
cases where higher accuracy or repeated direction changes (dispense/aspirate) 
occur, additional backlash compensation is required. There are two methods for 
compensating for backlash: mechanically and through software.

BACKLASH DISTANCE

CONSTANT LOAD

FIGURE 13

NUT

SHAFT

MECHANICAL BACKLASH COMPENSATION 
A spring-loaded, dual-nut configura- 
tion can be used to mechanically 
compensate for backlash. This dual-
action anti-backlash device, shown 
on the right, engages both surfaces 
of the lead screw at once. When the
travel direction reverses, the number 
of backlash steps is reduced to 
nearly zero. A backlash compensa-
tion module can account for wear of 
the lead screw in long-life applica- 
tions. Most high-performance mod- 
els of the variable volume pump 
include mechanical anti-backlash 
compensation.  

SPRING

SPRING

Dual-action anti-backlash device engages 
entire thread pitch at once (not to scale)

FIGURE 14
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HARMONIC FREQUENCY
Every physical system has a harmonic frequency where objects begin to 
oscillate. The drive speed of the motor, also known as the stepping rate, should 
be designed to avoid the harmonic frequency range of the pump. Operating a Lee 
variable volume pump in this range may cause erratic or inaccurate dispenses. 
The harmonic frequency range for a pump is defined on the Lee inspection draw-
ing for each design. The pump should not be operated within this range. If the 
pump must pass through this range, (for example, during acceleration) it should 
be transected as quickly as possible.

The stepper motor is driven at various speeds to create the desired flow rate. If the 
required stepping rate for an application is within the pump’s harmonic frequen-
cy range, a half-step or microstepping drive mode could be used to avoid operating 
the pump within this range. For example, if the harmonic frequency of a pump is 
150 Hz, one should avoid driving the pump at a rate of 150 steps/second. If the 
required dispense rate is in the range of 150 steps/second, a half-step or micro-
stepping drive mode could be used, resulting in a motor frequency of 300 Hz and 
avoiding the pump’s harmonic frequency range. For more information, refer to 
the Microstepping section on page 14. 

If the harmonic frequency range cannot be avoided when accelerating to a desired 
dispense speed, then it is recommended to start above the harmonic frequency 
or quickly accelerate through the harmonic frequency range, so that the pump 
spends very little time within the harmonic zone. Alternatively, selecting a pump 
model with a different volume will change the step rate required for the same flow 
rate. 

SOFTWARE BACKLASH COMPENSATION
In the absence of mechanical compensation, backlash can be mitigated with 
software. System designers will often incorporate software compensation 
into their subroutines, improving the performance of an actuator or pump. 
Software compensation involves moving a predetermined number of steps 
after a direction change and dispensing any liquid to waste, ensuring that 
the drive nut and lead screw are engaged before making a critical dispense.
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FLUID PROPERTIES 
Fluid properties can directly influence the pressure required to produce a specified flow 
rate. Failure to account for changes in fluid properties such as temperature, viscosity, 
etc., may result in pressures that exceed the safe operating limits of the pump. Effects 
of this include motor stalling, system leakage, or even component damage. 

Lee variable volume pumps can be utilized with a wide variety of flow mediums.  When 
designing a system, factors including fluid viscosity, temperature, and chemical com-
patibility should be considered.

VISCOSITY
For a given dispense rate, the outlet pressure will be determined by the fluid 
viscosity and overall system restrictions. High-viscosity fluids coupled with high 
inlet restrictions may cause the pump to stall or result in air being aspirated past 
the seal and into the fluid stream. Once air enters the fluid stream, its compressibility 
can lead to problems with accuracy. Maximum fluid viscosity will be system- 
dependent and will be affected by inlet and outlet restrictions, as well as flow rate.

TEMPERATURE
Fluid temperature should be considered when selecting a variable volume pump. 
There are two main considerations: chemical compatibility at elevated or reduced 
temperature and temperature effects on pump components. Exceeding the pump’s 
operating temperature, either with a heated fluid or hot environment, may cause 
permanent damage to the pump. 

Chemical compatibility between the fluid and pump components must be assessed 
at the operating temperature. Certain chemicals can become more reactive with 
elevated temperatures. 

The viscosity of some fluids varies greatly with temperature, resulting in changes 
to the dispense pressure. If the fluid becomes too viscous, the dispense pressure 
can exceed safe operating limits and cause damage to the pump or other system 
components. 
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PRESSURE
The rated pressure of a variable volume pump is the maximum developed pressure 
wherein the pump will still meet the operating specifications called out on the Lee 
inspection drawing. The rated pressure is well below the maximum pressure that 
the pump can generate. If both the inlet and outlet are closed or blocked, the 
pressure will increase until the motor stalls, the piston seal leaks, or a component 
in the fluidic circuit fails.

Lee variable volume pumps are positive displacement devices which generate 
pressure and the fluidic restriction on the outlet of the pump determines how much 
pressure can be generated. If the outlet restriction is low, the generated pressure 
will be very low. Small passageways, as well as valves, nozzles, and other fluidic 
devices will increase the system restriction and, in turn, increase the output pres-
sure generated by the pump.

CHEMICAL COMPATIBILITY
Lee variable volume pumps are offered in a variety of materials. The wetted 
materials should be selected based on application needs and fluid compatibility. In 
some cases, chemically aggressive fluids may not be compatible with one or more 
of the pump’s wetted materials. In these cases, a barrier fluid can be utilized to 
isolate the pump from incompatible fluids. In addition, some variable volume 
pumps can be configured with dual seal and flush ports, which prevent premature 
wear to sealing components as a result of incompatible fluids. 

Whenever possible, chemical compatibility of the fluids that will be in contact with 
the pump should be confirmed prior to selection. This includes the working fluid as 
well as any other fluids that will be used for flushing, cleaning, and storage. The 
Lee Company can provide material samples for immersion testing by request.
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COMMON FLUIDIC CIRCUITS 
Standard Lee variable volume pumps do not include valves, which are required for 
proper operation. Common application schematics utilize 2-way solenoid valves, check 
valves, 3-way solenoid valves, or rotary valves. The following is an overview of common 
pump configurations used in a wide range of applications. Aside from these common 
setups, variable volume pumps can also be used in a variety of other ways, including as 
a single inlet valve with multiple outlet valves connected on a manifold, or as a mixture 
of check and solenoid valves. The Lee Company can integrate a variety of valve types 
as needed, contact us to discuss your application.

Solenoid valves require attention to timing. While solenoid valves are generally fast- 
acting, there is a delay in time between the command and valve actuation, know 
as the response time. If the variable volume pump’s piston begins to move before 
the valves have switched, the result can be a significant pressure spike (similar 
to dead heading). This can lead to problems with dispense accuracy and possibly 
physical damage to the valves or pump. 

https://www.theleeco.com/contact-us/
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TWO 2-WAY VALVES
In this case, a 2-way isolation solenoid valve (such as the LFN or LFV Series 
diaphragm style valve), is placed at each port. Alternating the energized valve 
will allow the pump to aspirate fluid from the inlet, and then dispense through the 
outlet.  

Check valves could also be utilized and do not require additional electronics. It 
is important to note that check valves can be susceptible to hysteresis and may 
result in lower accuracy or precision when dispensing. Contact The Lee 
Company for more information regarding check valve usage.

FIGURE 15
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SINGLE 3-WAY VALVE
A single 3-way solenoid valve, such as the Xover® internal pinch-tube solenoid 
valve, can be used to simplify the fluidic schematic of the system. Since a single 
valve is being utilized, only one port is required. Typically, the side port of the port 
head is plugged or omitted for manifold-mount designs.

The greatest challenge to using a single 3-way valve is the “open over center” 
condition while switching the valve, which refers to the brief period during switching 
when all three ports are inter-connected. If there is a pressure differential across 
any of these ports, it can result in fluid going in unintended directions, lowering 
accuracy and precision.

FIGURE 16
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PIPETTE CONFIGURATIONS: NO VALVES OR ONE VALVE
In some cases, a variable volume pump may be used with one valve or no valves. 
To operate a pump without valves, the port head is reduced to a single port by 
plugging one of the ports, and the piston extends and retracts to pipette the fluid. 
A single valve can be added to retain fluid in the system. This is particularly useful 
for moving samples between containers or dispensing buffer, wash, or trigger 
solutions to micro-titer plates.

A variable volume pump can function as a simple pipette if the system uses a tip 
to aspirate the fluid into tubing and then moves the tip to dispense into a reaction 
vessel or titer plate. If a valve is used, the volume within the tubing between the 
open end of the tip and the valve should be greater than the required dispense 
volume. The aspirated sample volume should be slightly more than the required 
dispense amount. Following the dispense of the sample, the tip can be placed over 
a waste station and additional fluid can be dispensed to ensure that all sample fluid 
and any sample mixed with the barrier fluid has been purged. If necessary, the tip 
can be placed in a vessel containing barrier fluid which can be aspirated to replace 
any fluid that was lost. This will keep the sample and/or barrier fluid from entering 
the valve or the pump. 

FIGURE 17
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FLUSH CIRCUIT
Occasionally, there may be a requirement for flushing a system prior to an extended 
shutdown. While a system flush could be achieved using a variable volume pump, 
the volume of each cycle may be well below the system volume and require a 
time-consuming flush cycle. An alternative approach is to use a secondary flush 
pump, such as a solenoid pump or peristaltic pump, to quickly push a high volume 
of cleaning solution through the pump and system.

FIGURE 18
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BUFFER SUPPLY: FIXED DISPENSE TIP 
When the pump is used to aspirate and dispense different samples or fluids, a 
buffer or barrier fluid may be needed to prevent the sample from entering the 
pump. To accomplish this, a separate reservoir for buffer fluid can be connected to 
the inlet side of the pump. This will be used to make up any barrier fluid that was 
used to purge the left-over sample. The 3-way valve on the outlet side controls the 
aspirate, dispense, and purge of samples.

FIGURE 19
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APPLICATION DEVELOPMENT KIT
The Lee Company offers a combination pump driver & controller kit for application 
development. This allows a fast start-up for users who do not have stepper motor 
drivers readily available. The kit includes a driver/controller module, software, and the 
necessary electrical connectors to drive any Lee variable volume pump. The Lee step-
per software includes several pre-packaged routines to make setup easy. The pump, 
valves, and fluidic connectors are not included, but can be ordered from The Lee 
Company. 

FIGURE 20
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BEST PRACTICES
Overall performance of the Lee variable volume pump is system-dependent. System 
designers must consider all pump operations including purging, fluid aspiration, and 
fluid dispensing.

DISPENSING 
The dispense rate of a variable volume pump is system-dependent. Very high 
motor speeds may result in high pressures which can damage components or 
result in splashing during non-contact dispensing (i.e. high droplet exit velocity). 
Too low a dispense rate can result in “drooling” during non-contact dispensing. 
Drooling occurs when the droplet does not have enough velocity to cleanly break 
off from the dispensing tip. 

A droplet will need to have enough velocity to “break-off” or separate from the 
dispensing tip. If it does not, there may be a hanging drop that does not dispense 
every time. Smaller diameter tips generally increase the fluid’s exit velocity, allow-
ing for a smaller dispense volume without drooling. Non-wetting tips also prevent 
the fluid from wicking up the dispense tip and creating a hanging drop.

It is important to design the system so the pump is not operating above its max-
imum recommended speed or within its harmonic range. Either of these cases 
can result in lost steps or motor signal mismatch, which ultimately will decrease 
accuracy. 

SYSTEM COMPLIANCE
Compliance in a fluidic system is caused by the property of an elastomer to absorb 
and release energy like a spring. A system consisting of rigid materials without any 
compliance is frequently described as “hard”. The problem with “soft” systems is 
that absorbed energy can be imparted back to the fluid in an uncontrolled manner. 
This can result in both under and over-dispensing. Compliance in a soft system 
could be caused by very flexible long runs of tubing, such as PVC or silicone thin-
walled tubing. Systems can be made harder by using thick-walled tubing, less 
flexible materials, and shorter lengths of tubing. 

Dispense accuracy is impacted by system compliance. Eliminating all compliance 
may not be a best practice because some system compliance may help to reduce 
pressure pulsations from the stepper motor-actuated pump. Therefore, tuning and 
laboratory experimentation may be required to determine the optimum level of 
compliance for system performance.
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DISSOLVED AIR AND AIR BUBBLES
In general, the less compliance in a fluidic system, the more accurate pump 
operation will be. While flexible tubing and elastomers may seem like the obvious 
culprit, air bubbles also dramatically affect accuracy. Air bubbles act as small 
uncontrolled accumulators and can impart unpredictable amounts of energy into 
the system. 

Air can be introduced through several means: 

INEFFECTIVE PURGING OF THE SYSTEM
All air must be purged out of a system prior to dispensing. This includes the 
pump and all lines leading to and from the pump. The most efficient way to ac-
complish this is to orient the pump with the port head facing up and the 
motor facing down, see page 31 for more detail.

CAVITATION
If the inlet restriction on a variable volume pump is too high, the suction created 
by the pump during aspiration can lower the pressure inside the port head below 
the vapor pressure of the fluid, resulting in bubble formation. To avoid cavitation, 
reduce inlet restriction or reduce the aspiration speed of the variable volume 
pump. 

ENTRAINED OR DISSOLVED GAS
The amount of gas that can be dissolved in a fluid is dependent on the 
pressure and temperature, as well as fluid properties. If a fluid sits for an ex-
tended period, gas may come out of the solution in the form of small bubbles. 
Decreasing pressure also allows more gas to come out of the solution. If this 
is problematic, the fluid may need to be degassed or a purging sequence may 
be required at system startup.
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PRIMING AND PURGING
It is important to ensure that all air has been removed from the fluid path prior to 
pump operation. System priming can be completed without additional components 
or pumps, other than the valves needed for normal operation.

The typical procedure for priming a variable volume pump is to aspirate and 
dispense fluid repeatedly until there is no more air within the system. This is best 
accomplished by aspirating slowly, ensuring that more air is not pulled out of the 
fluid. The fluid dispense rate should be fast, ensuring a higher fluid velocity, which 
tends to displace bubbles held to passage walls by surface tension.

PUMP ORIENTATION
Normal pump orientation is with the motor facing downwards and the port head 
facing upwards, as shown in Figure 6 on page 6. The inlet of the pump is 
the side port, and the outlet is the top port. The internal port head geometry has 
been designed for fast, efficient priming and purging in this orientation. An 
alternate orientation is to have the pump mounted horizontally with the side port 
facing up and used as the outlet port. Other mounting options are available; 
consult The Lee Company for recommendations.

LEAKAGE
Fittings that are not properly tightened or seated may allow air to enter the system. 
It is possible that a fitting will pass a pressure check with no leakage and still leak 
when a vacuum is applied. Inspection of fitting installation during functional testing 
is recommended to ensure proper sealing.
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OPERATIONAL LIFE
Variable volume dispense pumps are designed and tested to ensure that they 
reach their maximum operational life. The operational life of the pump is applica-
tion-dependent and can be affected by many parameters, such as:

• Operating fluid: The fluid properties greatly affect life. Fluids that contain
surfactants and tend to crystalize can dramatically shorten the pump’s op- 

 erating life by increasing seal wear. Extremely viscous fluids may result in 
high pressures that lead to motor stalling or seal leakage.

• Operational speed:  Continuous pump operation at maximum speeds may
result in shortened life. The increased speed can cause excessive heat
build-up and reduce the life of the motor.

• Ambient temperatures: Operating the pump in elevated temperatures can
reduce the efficiency of the motor lubrication and shorten the operating life.

When using fluids that are prone to crystallization, the crystals can damage a seal 
which can lead to leakage-related failures. Other fluids that contain surfactants, 
which lower surface tension, tend to slip past the seals of a pump. A secondary seal 
may be used with the pump to mitigate these issues. Between the seals, an inter-
mediate fluid can prevent crystallization and dilute surfactants, greatly extending the 
pump’s operational life. 

DUAL SEAL PORT HEAD CONFIGURATION

SECONDARY SEAL

PRIMARY SEAL

FIGURE 21

POTENTIALLY AGGRESSIVE FLUID

BARRIER FLUID



VARIABLE VOLUME DISPENSE PUMP TECHNICAL GUIDE

33THE LEE COMPANY  •  Tel: 860-399-6281  •  www.theleeco.com THE LEE COMPANY  •  Tel: 860-399-6281  •  www.theleeco.com

THE LEE
COMPANY

Pump speed too high Slow down speed to prevent missed steps.

Air in system Fully purge air from system prior to starting 
dispense operations.

Valve timing issue Valves need a response time offset to fully open prior to 
piston movement.

System leakage Check fittings for leakage.

Air in system Fully purge air.

Hanging drop on nozzle Check nozzle / dispense tip for hanging drop.

Incorrect command to 
pump

Speeds are specified in half steps and the volume dispensed 
per step is different for each pump model.

Air in system Completely purge system.

Compliant tubing Replace tubing with shorter runs and/or stiffer tubing.

Low dispense speed Increase pump speed to increase output pressure.

Pump missing steps Slow speed to prevent missed steps.

Pump speed too high Decrease pump speed.

Fluid viscosity too high Adjust pump speed or tubing size to reduce 
system resistance.

Blockage or restriction Check system for blocked dispense tip or excessively long 
runs of small diameter tubing.

Improper electrical 
connection

Check wire diagram of pump and controller, make sure 
connections are secure.

Applied current too low
Check that power supply is sufficient to operate motor. 
Some controllers may have current selection options 
(switch or software).

Acceleration or speed 
too high

Refer to pump inspection drawing for proper speeds and 
acceleration.

Pump jammed Consult The Lee Company.

Leak at fitting connection Tighten fittings.

Entrained air

Inlet tubing may be too restrictive.

Degas fluid.

Aspirate speed too high.

Poor purge Redo and make sure all air is removed.

Pump is being operated in 
harmonic frequency zone Start pump at higher speed.

Speed too high Reduce speed to prevent lost steps.

Start speed too high Reduce starting speed.

Poor electrical 
connection

Ensure that connectors are properly crimped and inserted 
properly.

SYMPTOMS POSSIBLE CAUSE REMEDY
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GLOSSARY
Accuracy: The closeness of the agreement between the intended, specified, or actual 
nominal volume and the mean volume.

Coefficient of Variation (CV): This value, expressed in terms of percentage, reflects 
the dispersion of data used to help define the consistency of performance. It is calculated 
by taking the standard deviation of a distribution and dividing it by the mean value. This 
is also known as repeatability.

Controller:  The electronic circuit of a device that sends signals to the stepper motor 
driver. The controller typically provides three leads. These leads provide drive pulse, 
direction, and electrical ground.

Current Titration: A process used to help determine the threshold of actuation current 
needed for motor movement.

Dead Volume: The actual non-flushable volumes of any component or system flow 
passages, where a dead-end passageway or cavity could retain materials to contaminate 
subsequent sample or flow media. 

Dispense Volume: The volume of fluid that is displaced by the movement of the piston.  

Encoder:  A component used to provide rotational feedback of actual motor movement.  

Energized: The electrical state where power is applied to a coil.

Holding Current:  Also known as "current down”, a holding current is a feature of 
many controllers that reduces the current to the motor windings when the motor is 
not moving. This reduces heat buildup in the motor and power consumption. Having a 
hold current applied after a move, rather than removing power altogether, is standard 
practice with stepper motors to minimize excessive steps caused by rotor inertia.

Home Sensor: Also referred to as end of stroke (EOS) sensor, a home sensor is an 
LED / Photo Transistor used in conjunction with a “flag” to indicate the piston is in the 
fully extended position.  

Operating Pressure: The standard level of pressure during normal conditions. 

Peripheral Volume: That volume of fluid contained in the pump port head while the 
piston is fully extended.

Peripheral volume is shown in red
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 HIGH ACCURACY LOW ACCURACY HIGH ACCURACY LOW ACCURACY
 HIGH PRECISION HIGH PRECISION LOW PRECISION LOW PRECISION

Precision: The closeness of agreement between the individual dispense volumes 
obtained and expressed as a percentage. Precision is calculated from the distribution 
of individual dispense volumes about their mean. It is expressed as the coefficient of 
variation (CV).

Pressure Differential:  The difference between the inlet and outlet pressure. 

Pulses per Second: Also referred to as steps per second, this is the rate at which the 
motor operates. This is determined by the signal from the controller, sometimes re-
ferred to as pulse frequency. It can be referred to as full steps, half steps, or microsteps.

Resolution:  The smallest amount of movement (or dispense) that a pump’s motor can 
achieve.

Stall Pressure (Dead Head Pressure):  The maximum pressure that can be generated 
by the pump under full current, in a completely blocked system with zero flow. This 
pressure may result in seal leakage and permanent damage to the system.  

Step:  A discrete movement of the motor in response to an electrical signal.

 • Full Step: Method of driving a stepper motor where the rotor magnets are 
  lined up with the magnetic coils in the stator. The increment of movement is 
  determined by the physical geometry of the motor.  

 • Half Step: Method of driving a stepper motor that allows the rotor to be 
  aligned either with the magnetic coil poles or halfway between them. This is 
  accomplished by energizing two adjacent coils in the same polarity.

 • Microstep: Electronic method of increasing the resolution of a stepper motor 
  by proportionately applying varying amounts of current to two adjoining coils. 
  The controller subdivides the motor step.

The smaller the step, generally the smoother and quieter the motor will perform.
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