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ASU Series 

XY Dual Guide Stage 

 

 

 

 

 

 Direct drive, zero cogging, zero backlash linear motor 

 Linear encoder options of 1μm, 0.5μm, and 0.1μm 

 High accelerations (up to 10m/s2) and speeds (up to 5m/s) 

 Smooth motion at low speeds (low velocity ripple) 

 Precise homing through encoder index pulse 
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Motor Parameter 

Model

Axis

Motor AUM3-S2 AUM3-S3 AUM3-S4 AUM4-S2 AUM4-S3 AUM4-S4

Performance Parameters Unit Series Series Series Series Series Series

Continuous Force, coil @100°C N 57 85 113 110 166 221

Peak Force N 289 433 578 624 936 1248

Motor Constant N/SqRt(W) 10.2 12.5 14.5 15.8 19.4 22.4

Continuous Power W 30.5 45.7 60.9 48.7 73.0 97.3

Peak Power W 796.0 1193.0 1591.0 1555 2332 3110

Electrical Cycle mm 60 60 60 60.0 60.0 60.0

Max Bus Voltage V 330 330 330 330.0 330.0 330.0

Max Coil Temperature °C 125 125 125 125.0 125.0 125.0

Thermal Dissipation Constant W/°C 0.41 0.61 0.81 0.65 0.97 1.30

Continuous Current Arms 1.8 1.8 1.8 2.3 2.3 2.3

Peak Current Arms 9.2 9.2 9.2 13.0 13.0 13.0

Force Constant N/Arms 31.4 47.1 62.8 48.0 72.0 96.0

Back EMF Constant Vpeak/(m/s) 25.6 38.5 51.3 39.2 58.8 78.4

Inductance mH 6.26 9.39 12.52 7.00 10.50 14.00

Terminal Resistance @25°C Ohms 9.40 14.10 18.80 9.20 13.80 18.40

Electrical Time Constant ms 0.67 0.67 0.67 0.76 0.76 0.76

Mechanical Parameters

Coil Mass Kg 0.45 0.68 0.91 0.56 0.89 1.19

Coil Length mm 121 181 241 121.0 181.0 241.0

Specifications DGL180 DGL200

Top Bottom
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Dimension Drawing 

 

 
Module Configuration 

(mm) (Kg) (Kg) (mm) (mm)

Top 200 - 300 Ref to Table 3 Ref to Table 4 Stroke + 4 Stroke + 20

Bottom 200 - 600 A B Stroke + 4 Stroke + 20

Total

Mass

Sensor

Position

Hard Stopper

PositionModel Axis

DGLS

Effective

Stroke

Total Moving

Mass

 

 

A = Table 3 (Bottom axis) + Table 4 + 6.12 (Interface mass, Kg) 

B = A + Table 5 

 

 
Table 3 Axis Moving Mass 

Carriage size S2 S3 S4

Top Axis (Kg) 2 2.5 2.7

Bottom Axis (Kg) 2.4 3.1 3.4
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Table 4 Total mass for Top axis 

 

Stroke/Top axis Mass (Kg) 200 300

Motor Coil size S2 17.04 20.44

Motor Coil size S3 18.26 22.94

Motor Coil size S4 20.74 23.24
 

 

Table 5 Total mass for Bottom axis 

 

Stroke/Bottom axis Mass (Kg) 200 300 400 500 600

Motor Coil size S2 16.4 19.8 22.3 25.7 29.1

Motor Coil size S3 18.9 22.3 24.9 28.3 31.7

Motor Coil size S4 20.1 22.6 26.1 29.5 32
 

 

Performance Parameter 

 

Specification Parameter Unit DGL180 DGL200

±3µm/25mm,

NTE±10µm/300mm

±3µm/25mm,

 NTE±10µm/300mm

Repeatability (1µm resolution) ±3µm (40µm scale pitch) ±3µm (40µm scale pitch)

Repeatability (0.5µm resolution) ±1.5µm (20µm scale pitch) ±1.5µm (20µm scale pitch)

Repeatability (0.1µm resolution) ±1µm(20µm scale pitch) ±1µm(20µm scale pitch)

Repeatability (Analogue) ±5 counts ±5 counts

X-Y Orthogonality Arc-sec 10 10

1Straightness

µm

±3µm/25mm, NTE±10µm/300mm

1Flatness ±3µm/25mm, NTE±10µm/300mm
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Part Numbering (Rapid Delivery Series) 

 
Cover

Option

(type)

200

200 300 T1= AUM3-S-S2-J-H9D-V3 B1=AUM4-S-S2-J-H9D-V4 0.1

300 400 T2= AUM3-S-S3-J-H9D-V3 B2=AUM4-S-S3-J-H9D-V4 0.5 C

500 T3= AUM3-S-S4-J-H9D-V3 B3=AUM4-S-S4-J-H9D-V4 1

600

DGLS

Top Axis

Stroke

Bottom

Axis Stroke
Rail

1.0-5.0 R22, ³R10 T

Top Axis Motor Model Bottom Axis Motor Model

2Motor

Cable

(m)

Encoder

Option

(type)

Encoder

Resolution

(μm)

 
1. All measurement taken when module is mounted on a 5 micron flat granite table. 

2. Motor cable is the length of cable measured after the bottom axis carriage. 

3. Available for 1 um only. 

 

Example: DGLS200-300-T1-B2-3.0-R10-1.0-C-T 
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Introduction 

 

The Akribis precision linear motor driven stage features the patented AUM series ironless linear motor in 

a neat, ready to use package. Being directly driven, the linear motor stage eliminates intermediate 

transmission mechanism which translates directly into many benefits, including 

 

 Fast response in the form of faster accelerations (up to 25G) and settling times, which increase 

throughput. 

 High speed up to 5m/s yield lower cycle time. 

 High stiffness as no mechanical transmission such as gears, belt, ball-screw, etc., are required. The 

driving force is simply directly coupled to the load. 

 High Precision by using direct measurement systems. No unnecessary conversion is necessary.  

 Zero Backlash as a result of direct coupling of the driving force to the load. 

 

The structural frame of the linear motor stage is extruded aluminum, offering good structural strength 

and cost benefits. These stages can be constructed in single piece up to 3 metres without the need for 

joining.  

 

The geometrical accuracy of the stage is achieved with the use of a preloaded dual-rails-quad-runner 

blocks or single-rail-dual-runner blocks re-circulating linear motion ball bearing system. The runner 

blocks are preloaded for stiffness, and only the ball cage types are selected to deliver a smooth and low 

noise motion.  

 

The displacement accuracy is achieved with the use of a direct measurement system, consisting of a 

linear scale (with scale linearity to +/- 3micron/metre) and a linear encoder. The electrical resolution can 

be down the sub-micron region. 

 

The wide variety of sizes, force range and travel stroke available, the linear motor modules series finds 

many applications in, 

   

 Pick and place 

 Laser marking; machining; spot welding 

 Dispensing 

 Inspection 

 Printing 
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Accuracy, Repeatability and Resolution 

 

There are many ways to define the three confusing terms for accuracy, repeatability and resolution. 

Professor Slocum of Massachusetts Institute of Technology in his book “Precision Machine Design” [1], 

defines them in a very interesting manner namely, 

 

“Accuracy is the ability to tell the truth” 

“Repeatability is the ability to tell the same story over and over again” 

“Resolution is how detailed your story is” 

 

[1] A.H. Slocum. Precision Machine Design. Prentice Hall, Englewood Cliffs, New 

Jersey, 1992. 

 

Typically, a servo positioning systems usually consists of the mechanics which includes the structural 

elements and the bearing guidance; the prime mover such as the motor and its electronics; a feedback 

device and the controller. In a nut-shell 

 

Accuracy has a dual meaning for a positioning system, namely 

• accuracy of the motion is contributed mainly by the bearings and it is the lateral deviation from the 

ideal motion path or the straight-line accuracy or running parallelism. 

• ability to be servoed to a desired position, which is the largest error between any two points in a 

positioning system's coverage. 

 

Like accuracy, repeatability has a dual meaning for a positioning system, namely 

• repeatability of the motion is the ability of the bearing to repeat its motion. For linear motion bearings, 

this is often referred to as the straight-line repeatability or running 

parallelism repeatability. 

• ability to be servoed to the same position, which is the error between a number of successive attempts 

to move a workpiece or tool to the same position within the positioning system's coverage. 

 

Resolution in a position system currently is determined by the ability of the bearing to allow for a small 

increment of motion. It is the smallest mechanical step that the positioning system is capable of making 

during point to point motion. In other words, it will be meaningless to put an encoder with nanometer 

encoder resolution on a positioning systems with contact type bearing and hoping to achieve nanometer 

level mechanical resolution. For contact type of bearings, 0.1 micron is by far the best achievable results. 

 

The three terms is best illustrated with a pick and place example below. The objective is to place the 

cylinder into a tray as shown in figure 1 below. 
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The specifications indicate that we have to place the cylinder such that the centre of the cylinder is 

accurate to within a diameter of 0.2 millimetre, with respect to the three datums marked A, B and C. 

 

 

In order to satisfy the specification, it is important that we select a position systems with adequate 

resolution to achieve the require repeatability. The Table below shows a typical example on deciding the 

positioning resolution. 

 

Description Value 

Tolerance (+/- 3 sigma) = n0.2mm 

Required repeatability  

Required resolution = 0.033mm/10 = 0.003mm 

 

Therefore, we should use an encoder with at least 3 micron resolution. 

 

Now, if we successive move the cylinder to the same position, we can note down the actual position of 

the cylinder's centre via an independent measurement system. The centre of the cylinder can be plotted 

as in figure 2 below. 
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Figure 2: Actual stopping position of cylinder centre 

 

The mean position of the concecutive repositioning is marked by the centre of a circle which enclose all 

the points. The boundary of the big circle is the repeatability of the positioning system. Now if we 

superimpose the repeatability circle onto the given specifications as shown in figure 3.0, in positioning 

system, it is much easier to achieve good repeatability than good accuracy. In many cases, the 

positioning need not have to be very accurate, but only reasonably accurate, as reasonably accurate but 

repeatable positioning systems are capable to positioning within the required specifications given the 

proper positioning resolution as shown in Figure 4. It is economical to build a system which is repeatable 

and correct the accuracy using calibration and error compensation in the controller. 

 

 

 

Figure 3: Specifications, Accuracy and Repeatability 
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Figure 4: The aim is to produce good repeatabilty with aceptable accuracy 

 

 

The relationship between force and speed. 

 

To relate the terms force and speed, let’s take a look at the 7 common terms in physics when dealing 

with position systems, namely 

 

Description Units Symbol 

Force N F 

Load or mass kg m 

Time s t 

Acceleration m/s2 a 

Velocity m/s v 

Displacement m s 

work Nm W 

Power Nm/s, Watt P 

 

Perhaps the most prominent equation for motion is the basic equation which relates force to 

acceleration, and it is found in Newton's second law of motion. Which is 

 

ΣF=ma 
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This equation is known as the equation of motion and it gives the instantaneous value of the 

acceleration corresponding to the instantaneous values of the forces that are acting. 

 

If an object starts moving from rest, that is, its initial velocity is zero, then, the relationship between 

velocity and acceleration is given by the equation 

 

v = at 

 

Likewise, the relationship between displacement, velocity and acceleration is given by equation 

 

s = ½ at2 

 

When a force is applied to an object or load and displaced(moved) it over a distance, the work done by 

the force during the displacement is related by the equation, 

 

W=Fs 

 

When time comes into the equation, we have power which is the rate of doing work and it is related to 

velocity by the equation, 

 

P=Fv 

 

Now, lets relate all this terms back to positioning systems. The objective of a positioning system is to 

position a tool (which is the load) with respect to a workpiece. We are always concerned over how fast 

(which is related to time) we can perform this task of moving (which is displacement) the tool to the 

workpiece (which is the work to be done). To do this work, we may use a motor which is available in 

many sizes. 

 

The capacity of a motor is measured by the rate in which it can do work or deliver energy. The total work  

done or energy output is not a measure of this capacity. A motor no matter how big or small can deliver 

a large amount of energy if given sufficient time. On the other hand, a large and powerful motor can 

deliver a large amount of energy in a short period of time.  In other words, if we want to travel from 

one point to another, we can reach that place travelling either in a small car or a big car. The only 

different is how long to reach the place when the same route is used. In the same light, a sport car can 

reach a speed of 100km/h in 5 seconds and within a very short distance. A family car can also reach 

100km/h, but maybe in 12 seconds and need a longer distance. The different is in the capacity of the 

engine which can produce more power to accelerate the mass of the car in a very short time, thus over a 

very short distance. 

 

Given the same load and travel distance, a bigger motor will be able to accelerate its load in a shorter 

time and at a higher velocity when compared to a smaller motor. 
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Motion Control of Gantry Stages 

 

A gantry stage is basically an XY table where the top axis is supported at the 2 ends by the bottom axis. 

The top axis and its payload is supported by 2 parallel linear bearings at the 2 sides of the stage. 

 

See picture below. This configuration allows the top axis to carry an end effector (like pick and place 

mechanism, camera, etc) to access the work piece at any XY positions from the top. 

 

 
 

A standard stacked XY table will usually have to move the work piece while the end effector is fixed on 

top. This is usually not recommended if the work piece is very big and heavy, or if the top axis stroke is 

very long.  

 

Since the top axis is only supported at the middle, it would deflect downwards at the 2 ends (more 

significant as the top axis length increases), resulting in poor flatness specifications. 

 

 

 

A nice hybrid configuration is to separate the X and Y where the top axis is mounted on a stationary 

bridge.  

 

In this case, the bottom axis carries the work piece in one direction and the top axis carries the end 

effector to move in the orthogonal direction. 
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In motion control, we are more concerned on the bottom axis of the first type of configuration (moving 

bridge). The load is supported at the 2 sides , it can easily create yaw error if the driving force is not in 

line with the CG (center of gravity) of the moving load. 

 

In motion control, we call the bottom axis of such configuration as gantry axis. 

 

1. Types of gantry axis configuration. 

 

 T-drive. 

 

T-drive means the bottom axis is driven by one motor at the side, the other side is supported and guided 

by a linear bearing. This configuration requires only one driver and one encoder. It is the most cost 

effective gantry configuration. Ideally, the encoder should be mounted at the center of the gantry but 

this is usually impossible. Most designs will have the encoder mounted at one side.  

 

The main disadvantage of this configuration is the unbalanced driving force. It is almost impossible to 

drive in line with the CG of load. This will result in high yaw error. The side without motor is always being 

dragged behind by the motor at the other side. When the motor changes direction, there will be big yaw 

error which result in high reversal error. In other words, the side without motor will remain stationary 

until the motor side has moved enough to drag it along. 

 

To improve repeatability of this configuration, it is recommended to approach the critical position always 

in same direction. This could mean over travelling in one direction then move back in the required 

direction. This would produce similar yaw error every time so that this yaw error doesn't contribute to 

the repeatability error of the gantry axis. 

 

One important consideration in a T-drive configuration is the location of encoder with respect to the 

motor driving force. If it is opposite to the motor driving force, the encoder may register an opposite 

direction motion before it starts to follow the motor direction (see illustration below). This is, in a way, 

like a positive feedback situation that could affect servo performance. So it is recommended to have the 

encoder at the same side of the motor. 
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 H-drive.  

 

H-drive means the gantry is driven by 2 motors, one at each side of the gantry. This would provide a 

more balanced driving force and minimize the problems experienced in T-drive configuration. 

 

2. Encoder configurations.  

 

For H-drive configuration, there are options to use 1 or 2 encoders. 

 

 Single encoder.  

 

In single encoder configuration (again, usually mounted at one side of the gantry), both motors would 

receive the same feedback signal and have the same position error all the time. Essentially, both motors 

will output the same force all the time. However, this doesn't guarantee that there will be no yaw error 

because the load inertia and friction experienced at the 2 sides will not be the same. But generally, 

having motors driving at both sides would reduce the reversal error significantly as compared to T-drive 

configuration. 

 

In this configuration, it is possible to use only one driver if the driver's current rating can drive the 2 

motors connected in parallel. However, there will be only one hall sensors port in the driver, so the 2 

motors must be aligned exactly to their respective magnetic tracks to ensure accurate commutation. 

 

 Dual encoders - one on each side of gantry. 

 

Having encoders at both sides of the gantry would provide actual position difference between the 2 

motors. However, this would require 2 separate position loops to control the 2 motors, it would require 2 

drivers.  

 

With 2 encoders, the stopping position can be controlled to the accuracy and repeatability of the 

encoders.  

 

3. Rigid vs Flexible link between the bridge and the gantry axis. 

 

 

  

Motor Encoder "move" back a little 

(due to the tilting of the bridge) 

before following motor's 

direction. 

Encoder 

 Motor Direction 
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In single encoder system, either T-drive or H-drive configuration, the bridge should be rigidly mounted 

on the gantry axis to minimize yaw error. 

 

However, there are important factors for consideration in rigid link design. 

 

 Bridge length is fixed and fully constrained when rigidly mounted at the 2 ends. 

 

If the environment temperature changes, the top axis bridge will expand or contract. More importantly, 

the moving axis mounted on the bridge will generate heat and dissipate through the bridge. As the 

bridge length changes (it will be more significant if the bridge is long), the stress on the 2 linear bearings 

will increase, resulting in higher friction on the gantry axis. The bridge itself may also bend and twist 

which will affect the top axis as well. 

 

 Mechanical alignment of the 2 linear bearings. 

 

If the 2 bearings are not parallel or their straightness and/or flatness are not controlled, it would result in 

uneven friction across the full stroke of the gantry axis. Some part of the stroke will have higher friction 

than other part. This could affect servo performance and require higher driving force from the motors 

than the calculated force requirement. 

 

It can be very costly to machine the base support of the gantry stage to the required accuracy if the 

gantry is big (sometimes may not be possible at all).  

 

On the other hand, most rigidly mounted bearings will still have some small degree of compliance to 

allow some displacement in the orthogonal directions. So the performance (or if it is functional at all) 

depends on the machining accuracy, bearings clearance, gantry size, etc. 

 

 Rigid link with dual encoders. 

 

With 2 encoders, it will provide the Yaw error (position difference between the 2 motors) to the 

controller. However, the assembly error of the 2 encoder scales and the scales' error itself could result in 

similar effect as misaligned bearings. In this case, the controller will try to servo the 2 motors to the 

commanded position. So if there is encoder scale error and bridge length is fully constrained, the 

controller will output very high current to the motors trying to stretch, bend or twist the bridge in order 

minimize their respective position errors. The 2 motors will be fighting each other and result in instability 

and higher continuous force. 

 

One way to handle the difference in encoder scale error (including assembly alignment tolerance) is to 

map the differential error in one of the driver to match the encoder reading of the other. In this case, the 

bridge will be at their naturally "relax" orientation (no fighting between the gantry motors). But this 

doesn't mean that the yaw error is zero. In fact, it is impossible to achieve zero yaw error all the time in 

rigid gantry unless the mechanical setup (parallelism, straightness, flatness, etc) is perfect. 

 

 Flexible link.  
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Flexible link means allowing some freedom in yaw direction at one side (usually called the gantry master), 

and on the other side, allow translational freedom in the top axis direction and yaw rotation (to allow 

expansion/contraction of bridge and rotation due to straightness error in gantry bearings and encoder 

scale error).  

 

It requires 2 encoders and 2 controller axes (2 drivers) in order to control the yaw direction. 

This is more costly in terms of the number of control components, but allows higher tolerance in the 

mechanical parts fabrication and assembly.  

 

4. Controller configuration 

 

In single driver configuration, the controller will see the gantry as one motor and everything behave like 

a conventional axis. It is more important to size the driver and power supply based on the combined 

motor current and back EMF. 

 

In dual-driver configuration, there are a few options. 

 

 Shared current command 

 

This is similar to connecting the 2 gantry motors in parallel to a single driver with 1 encoder feedback. In 

the case when the driver's current or voltage rating could not support the 2 motors in parallel 

connection, it will be necessary to drive the motor separately with 2 drivers.  

 

The controller treat the gantry as a single motor with only 1 position loop. The encoder feedback is used 

to compute current command and converted to a +/-10V analog signal, which is connected in parallel to 

the 2 drivers. Both motors should output the same force if their commutation alignment is the same. 

 

In the case when it is not easy to ensure good commutation alignment by mechanical design, it is 

possible to use separate encoders connected to their respective drivers for commutation purpose. Only 

one of the encoders will be connected to the controller since there is only 1 position loop. 

 

 
 

 Shared position command 

 

Similar to shared current command, in this case, the 2 drivers are operating in position mode. The 
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position command can be sent in pulse & direction or other equivalent formats. To ensure strong pulse 

signals are received at the 2 drivers, it is recommended to use a splitter circuit board from Akribis to split 

the signals. 

 

Again, the controller treat this as a single motor and generate one motion path profile. Position control is 

done in the drivers, so it is possible to apply encoder error compensation separately in each driver to 

avoid fighting between the 2 motors. 

 

 
 

 Vector mode or Gear mode with 1:1 ratio 

 

When the 2 drivers are connected to separate axes in the controller (this will take up 2 controller axes), it 

is possible to control the 2 motors separately. This may be necessary if the application requires some 

movement in the yaw axis (not always orthogonal to the main gantry axis). Of course, this would require 

a flexible link gantry design. 

 

When moving in the main gantry direction, it is advisable to group the 2 axes in vector mode or gear 

mode because most controller has special error handling in such mode to decelerate and stop both 

motors together even if only one of the motors encountered an error condition.  

 

If there isn't such protection in place, when one motor encountered error and stopped, the other may 

continue to move and could cause damage to the gantry mechanism. 
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 Active yaw control 

 

With 2 complete set of motor, encoder, driver and controller axis, it would be better to share both 

encoder signals among the 2 position loops so that each motor is aware of the actual position of the 

other motor.  

 

For example, when one motor is slowed down by high friction, the other motor can also slow down to 

reduce the yaw error. The controller is actively trying to correct the yaw error at all time, hence the 

name "active yaw control". 

 

Most advanced controllers like Elmo, ACS and Polaris support active yaw control, refer to next section for 

more description. 

 

 
 

5. Active yaw control 

 

Active yaw control requires 2 set of motor, encoder, driver and controller axis.  

 

The controller transforms the 2 physical gantry axes (X1 and X2) into gantry main axis (X-axis) and a 

Yaw-axis based on the following equations. 

 

X = (X1 + X2) / 2 

 

Yaw = X1 - X2 

 

 

 

 

 

 

 

 

 

 

X1 

X2 
X 
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The controller generate motion profile to X axis (which is effectively the desired position at the mid-point 

of the bridge) while the yaw command should always be zero (that means the bridge is orthogonal to 

X-axis). 

 

After transforming the X1 and X2 encoder values into X and Yaw's feedback values, the position and 

velocity control loops (PID, PIP or any other control structure) are processed to output the required 

current command to X and Yaw axis. These current commands will be transformed back to X1 and X2 

axis and send to the current loop of their respective driver. 

 

In this way, X1 and X2 motor will output different force to correct any yaw error while moving the gantry 

according to the required X-axis profile. 

 

In case of rigid gantry (or less flexible gantry link), it is recommended to set a weak yaw controller by 

reducing the control gains for Yaw-axis or limit the current command to Yaw-axis. It will be useless (or 

even harmful) to output strong yaw control to a rigid gantry as the motors will not be able to correct the 

yaw error due to the rigidity of the gantry. 
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