
1 ELEVATOR SYSTEM HAVING A FORCE-ESTIMATION OR  POSITION-SCHEDULED CURRENT
COMMAND CONTROLLER COPYRIGHT PROTECTION NOTICE A portion of the disclosure
of this patent  application contains material which is subject to
copyright protection. The copyright owner has no  objection to the
facsimile reproduction by anyone of the patent document or patent
disclosure, as it appears in  the Patent and Trademark Office patent file
or records,  but otherwise reserves all copyright rights whatsoever.
TECHNICAL FIELD This invention relates to a system having active
suspension control, and more particularly relates to an  elevator system
having active horizontal suspension  control for controlling horizontal
movement of an  elevator car with respect to guide rails in an elevator
hoistway. BACKGROUND OF THE INVENTION As elevators are required to move
faster, there is a  greater need for improved lateral suspension to provide
smooth, quiet rides for passengers. Current practice is  to employ a
passive suspension comprised of rollers mounted with springs and dampers to
the corners of the  elevator car. Advanced elevator suspension concepts are
being proposed and developed that employ electromagnets  as active force
generators in the suspension to 2 counteract external forces acting on the
elevator system.  For example, an active roller guide (ARG) elevator system
and an active magnetic guidance (AMG) elevator system are  two such
advanced suspension systems. Force generating  mechanisms used for both the
ARG and AMG elevator systems  are electromagnet pairs that are required to
generate  controlled magnetic forces in the presence of relatively  large
air gap variations in a range of 2 to 10  



millimeters. Figure 3 shows a known flux and current feedback  compensation
controller for a magnet driver. In general,  in Figure 3, the known flux
and current feedback  compensation controller feeds back magnetic flux and
current to regulate electromagnet currents. The flux and  current feedback
system utilizes an outer force control  feedback loop (flux feedback using
Hall effect sensors),  to regulate command current for the magnets in the
presence of unknown gaps. (Note that Figure 3 is  simplified by showing
only one magnet). Specifically, an elevator suspension controller (not
shown in Figure 3) of the elevator system provides a  force command signal
F. to the flux and current feedback  compensation controller 50. The force
command signal Fd  is indicative of a desired force to move the elevator
car  with respect to guide rails in an elevator hoistway. A  Hall effect
sensor 52 measures a flux density FD, and  provides a sensed flux density
signal F. indicative of a 3 magnetic force exerted by a magnet 54 on a
guide rail  (not shown). A squaring circuit 56 squares the sensed  flux
density signal FFD, and provides a squared sensed  flux density signal FFD2
proportional to the sensed flux  density signal FFD. A first comparator 58
subtracts the  squared sensed flux density signal FFD2 from the force
command signal F4, and provides a force error signal F.  A force feedback
compensation processor 60 responds to  the force error signal FFE, and
provides a desired force  compensated current command signal Ic. A current
measurement circuit 62 measures a magnet  driver current Imo, and provides
a measured current  signal I,,, indicative of a measured current from a
driver  64 to the magnet 54. A second comparator 66 subtracts  the measured
current signal Im,., from the desired force  compensated current command
signal Ic, and provides a  



current error signal IE. A current feedback compensation  processor 68
responds to the current error signal IE and  provides a driver feedback
current signal IDFC to the  driver 64. The driver 64 responds to the driver
feedback  current signal IDFC, and provides the driver current  signal ImDc
to the magnet 54. The flux and current feedback compensation  controller 50
for the AMG elevator system, as well as the  ARG elevator system, both use
the Hall effect sensor 52  as one of the primary feedback elements to
control the  magnetic force (See United States Patent Nos. 5,294,757, 4
5,304,751 and 5,308,938). The Hall effect sensor 52 is  mounted in the
magnetic field at a pole face of the  magnet 54 and measures the local
magnet flux density. In  the AMG and ARG elevator systems, the force
produced by  the magnet 54 is roughly proportional to the square of  the
flux density. However, there are four major disadvantages of using  the
Hall effect sensor 52 in the AMG elevator systems:  First, the Hall effect
sensor 52 must be located between  the pole face of the magnet 54 and a
reaction surface of  the elevator guide rail (not shown). The location
creates a severe reliability and durability concern,  especially on the
AMIG elevator system in which the  reaction surface is the elevator guide
rail. The  reaction surface can be moving at speeds greater than 10  meters
per second (m/s) relative to the Hall effect  sensor 52. Second, when using
the Hall effect sensor 52  a spacer having thickness greater than the
thickness of  the Hall effect sensor 52 must be installed in the gap to
protect the Hall effect sensor 52 from inadvertent  impact. The thicker
spacer reduces the useful travel of  the suspension and/or requires the
magnet 54 to produce  magnetic force across a larger air gap. This is
especially disadvantageous because the magnet force  



decreases as a function of the square of the air gap  length. Third, the
Hall effect sensor 52 requires  additional wiring and connections,
increasing the cost 5 and reducing the overall reliability of the
suspension  control system. Fourth, the existence of the Hall effect
sensor 52 on the pole face of the magnet 54 limits the  achievable force
generation capability of the  electromagnet. The Hall effect sensor 52 must
be mounted  in close proximity to the active electromagnet 54 - on  the
reaction plate (armature) in the case of the ARG  elevator system, and
directly on the magnet pole face in  the case of the AMG elevator system.
The limited  temperature range of the Hall effect sensor 52 limits the
allowable temperature rise of the magnet, and therefore  limits the maximum
magnet excitation. The ARG elevator  systems have similar problems. The
disadvantages discussed above are difficulties  in the ARG elevator
systems, but prove to be serious  limitations to the implementation of AMG
elevator  systems. DISCLOSURE OF INVENTION The invention provides a new and
unique method for  controlling forces produced by electromagnets in large
gap applications without using a Hall effect sensor and  its associated
feedback loop. In particular, the invention features an elevator  system
for controlling horizontal movement of an elevator  car with respect to
guide rails in an elevator hoistway,  having a force-estimation or
position-scheduled current 6 command controller and a magnet driver
circuit. The  force-estimation or position-scheduled current command
controller responds to a force command signal, and  further responds to a
sensed gap signal, for providing a  force-estimation or position-scheduled
current command  



controller signal. The magnet driver circuit responds to  the
force-estimation or position-scheduled current  command controller signal,
for providing a magnet driver  circuit signal to control the horizontal
movement of the  elevator car with respect to the guide rails in the
elevator hoistway. In one embodiment, the invention includes a force-
estimation processor that responds to the sensed gap  signal and a sensed
magnet driver current signal, for  providing a force-estimation processor
signal indicative  of an estimated force used to control the horizontal
movement of the elevator car with respect to the guide  rails in the
elevator hoistway. The force-estimation  processor may be implemented in
hardware or software. In another embodiment, the invention includes a
position-scheduled current command controller that  responds to the force
command signal and the sensed gap  signal, for providing a
position-scheduled current  command controller signal as a current command
to the  magnetic driver circuit. The position-scheduled current  command
controller may be implemented in hardware or  software to control the
movement of the elevator car with 7 respect to the guide rails in the
elevator hoistway.  One significant advantage of the invention is that it
eliminates the need for the Hall effect sensor.  Accordingly, the invention
comprises the features of construction, combination of elements, and
arrangement of  parts which will be exemplified in the construction
hereinafter set forth, and the scope of the invention  will be indicated in
the claims. BRIEF DESCRIPTION OF THE DRAWING For a fuller understanding of
the nature of the  invention, reference should be made to the following
detailed descriptions taken in connection with the  accompanying drawings,
not in scale, in which: 



Figure I is a schematic diagram of an elevator car  that moves with respect
to guide rails in an AMG elevator  system. Figure 2 is a block diagram of a
circuit for  controlling the movement of the elevator car in Figure 1  with
respect to the guide rails. Figure 3 is a block diagram of a known flux and
current feedback compensation controller in a known  magnet- driver. Figure
4 is a block diagram of a current command  controller 200 of the present
invention. Figure 5a is a block diagram of one embodiment of a
force-estimation current command controller 210/300 which 8 is one
embodiment of the current command controller 200  in Figure 4. Figure 5b is
a block diagram of another embodiment  of a force-estimation current
command controller 210/300  which is one embodiment of the current command
controller  200 in Figure 4. Figure 6 is a block diagram of a
microprocessor  architecture for the force-estimation current command
controller 210/300 of Figure S. Figure 7 is a diagram of a side-to-side
configuration for the AMG elevator system.  Figure 8 is a diagram of a
front-to-back configuration for the AMG elevator system. Figure 9 shows how
Figures 9A and 9B fit together to  illustrate a hardware embodiment of a
force estimation  processor 310 in Figure 5. Figure 10 is a block diagram
of a position-scheduled  current command controller 210/400 which is
another  embodiment of the current command controller 200 in  Figure 4.
Figure 11 is a block diagram of the position- scheduled current command
controller 210/400 shown in  



Figure 10 and the coordinated controller 100 shown in  Figure 2. Figure 12
shows a graph of side-to-side AMG magnet  performance. 9 BEST MODE FOR
CARRYING OUT THE INVENTION  An AMG Elevator S stem in General: Figure 1
shows an elevator car 12 for an AMG  elevator system shown and is described
in a U.S. Patent  application having Serial No. 08/292,660, filed August
18, 1994, and hereby incorporated by reference. The  elevator car 12 has a
car frame 13 with four guide heads  10, 20, 30, 40, which are shown in this
example as  magnetic guide heads. In general, the elevator car 12  includes
a car frame 13 that operates on vertical guide  rails (not shown) mounted
at opposite sides of an  elevator shaft or hoistway (not shown) of a
building (not  shown). The four guide heads 10, 20, 30, and 40 are  mounted
on the car frame 13 to guide the car along the  rails and to reduce the
vibrations transmitted to the  car. As shown, the rigid body motion of the
elevator car  12 is kinematically defined in five degrees of freedom of  a
global coordination system (GCS) having X, Y, Z axes by  side-to-side
translation along the X axis, front-to-back  translation along the Y axis,
a pitch rotation about the  X axis, a roll rotation about the Y axis, and a
yaw rotation about the Z axis. The GCS may have its origin  at the
geometric (or mass) center of the elevator car 12  or at any other
convenient origin. It should be realized  that the choice of a coordinate
system, though not  arbitrary, need not be rectangular, although it is the
- 8 BE C 2003 10 most logical and convenient. The side-to-side linear
translation Xc is measured along the X axis in the GCS and  



a force Fx is defined along the X axis. The front-to- back linear
translation YC is measured along the Y axis in  the GCS, and a force Fy is
defined along the Y axis. The  pitch rotation Ox is rotationally measured
about the X  axis in the GCS, and a moment Mx is defined about the X  axis.
The roll rotation Oy is rotationally measured  about the Y axis in the GCS,
and a moment My is def ined  about the Y axis. The yaw rotation Oz is
measured about  the Z axis in the GCS, and a moment Mz is def ined about
the Z axis. Each of the three arrows shown in Figure 2  indicates a
positive 'moment about the respective axes.  (Note that for the purpose of
this discussion the  measurement and motion of the elevator car 12 are not
controlled by the AXG system with respect to translations  along the Z
axis.) In addition, each guide head 10, 20, 30, 40 has a  respective local
coordinate system LCS,0, LCS20, LCSIO,  LCS40, having 3q, yij zi axes. For
example, the guide head  10 has a local coordinate system LCS,,, having an
x, axis  and a YL axis with forces F., and FY, respectively defined  along
these axes, as shown. The guide head 20 has a  local coordinate system
LCS-,(, having an x2 axis and a y,  axis with forces F., and F.,
respectively defined along  these axes, as shown. The guide head 30 has a
local  coordinate system LCS,, having an x, axis and a Y3 axis -B DEC 2003
11 with forces F,, and Fy3 respectively defined along these  axes, as
shown. The guide head 40 has a local coordinate  system LCS4O having an x,
axis and a y, axis with forces F14  and Fy, respectively defined along
these axes, as shown. For each of the four guide heads 10, 20, 30, 40, its
three respective electromagnets produce forces F=I, FyI,  Fi2, Fy2i Fs3,
Fy3, F14 and F along the respective local x;  and y; axes. It is assumed
that the local forces along  the x; and y; axes act through the origin of
its respective 



local coordinate system LCS;. It should be realized that  one could easily
account for any offset in the local z;  axis between the local forces due
to magnet positioning  by adding additional length parameters in this
kinematic  characterization. The local coordinate systems LCSIO, LCS2O,
LCS30, LCSO  are related to the GCS based on five lengths a, b, c, d  and
e, as shown in Figure 1. The lengths a and b define  the lever arms for the
pitch rotation 6X about the X axis  and the roll rotation 6y about the Y
axis. The lengths  c, d and e define the lever arms for the yaw rotation 6Z
about the Z axis. For the typical case, one assumes a=b,  d=e and c=0. In
one embodiment described in U.S. serial No.  08/292,660, the position of
the elevator car 12 is  measured in three of the four local coordinate
systems LCS1O, LCS20, LCS)O, and coordinating local forces F,1, F&20  F7 ,
FyZ, Fy3 are applied in the same three local coordinate 12 systems LCS1Q,
LCS20, LCS30. The measurements are used to  determine the deviation of the
elevator car 12 from a  desired position in the GCS, and the forces
necessary to  move the elevator car 12 back to the desired position in  the
GCS. Figure 2 shows an example of a coordinated  controller 100 described
in U.S. Serial No. 08/292,660  for controlling the movement of the elevator
car 12 shown  in Figure 1 in the AMG elevator system. In Figure 2, the
coordinated controller 100 includes position sensors 110  and acceleration
sensors 120, a position and acceleration  feedback controller 130, a high
voltage power supply 140,  magnet drivers 150, and electromagnets 160. The
position  sensors 110 are known in the art, and an example thereof  is
shown and described in U.S. Patent No. 5,294,757,  hereby incorporated by
reference. The position and  acceleration feedback controller 130 keeps the
car frame  



13 centered between the guide rails and minimizes the  lateral vibrations,
and is shown and described in U.S.  Serial No. 08/292,660. Other position
and acceleration  feedback controllers are also shown and described in U.S.
Patent Nos. 5,294,757; 5,304,751 and 5,308,938, which are  also hereby
incorporated by reference. As discussed above in detail, Figure 3 shows a
known  flux and current feedback compensation controller for the  magnet
drivers 150 shown in Figure 2. 13 The Force-Estimation or
Position-Scheduled  Current Command Controller Figure 4 shows a block
diagram of the present  invention in its broadest context. As shown, the
present  invention provides a current command controller 200 to  regulate
currents to an electromagnet 160 that serves as  a force generator in the
AMC elevator system. As shown in Figure 4, the current command controller
200 has a force-estimation or position-scheduled current  command
controller 210 and a magnet driver circuit 220.  The force-estimation or
position-scheduled current  command controller 210 responds-to a force
command signal  Fd, and further responds to a sensed gap signal G., for
providing a current command signal I. As described  below, the current
command signal Ic takes the form of  either a force-estimation current
command controller  signal or a position-scheduled current command
controller  signal, and is indicative of a current command to the  magnet
driver circuit for driving electromagnets to  control the elevator car 12
(Figure 1) with respect to  the guide rail 205 in the elevator hoistway
(not shown).  The position and acceleration feedback controller 130 in
Figure 2 provides the force command signal F4, which is  indicative of a
horizontal force to move the elevator car  (Figure 1) with respect to the
guide rail 205 in the  elevator hoistway (not shown). One of the position  



sensors 110 in Figure 2 provides the measured gap signal 14 G. of Figure 4,
which is indicative of an actual gap of  the elevator car 12 (Figure 1)
with respect to the guide  rail 205 in the elevator hoistway (not shown).
The magnet driver circuit 220 responds to the  current command signal I,,
for providing a magnet driver  circuit signal to the magnet 160 in Figure 4
to control  movement of the elevator car 12 with respect to the guide
rails (not shown) in the elevator hoistway (not shown). In effect, the
present invention uniquely provides  two different control systems to
regulate the bi- directional force generated by the electromagnets 160
operating over relatively large air gaps without the need  for Hall effect
sensors. Figures 5(a), 5(b) and 6-9 show  embodiments in which the current
command controller 200  has a magnetic-force estimation current command
controller 210/300 to regulate currents to electromagnets  160 that serve
as force generators. Figures 6-8 and 10- 11 show an embodiment in which the
current command  controller 200 has a position-scheduled current command
controller 210/400. These embodiments use an idealized  relationship
between the magnetic force produced given  the air gap between the magnet
and a reaction surface  (e.g., the elevator guide rail) and command
currents for  the magnets. The force estimation approach may use  existing
current and position sensing elements in the ARG  and AMG elevator systems.
However, it should be realized  that the present invention is also
applicable to elevator 15 systems having a plurality of active guides of
any type,  including active roller guides, active slide guides, etc.
Moreover, the scope of the invention is also not intended  to be limited to
only current commands, because embodiments are envisioned in which voltage
commands may  be used for controlling the elevator car 12 (Figure 1)  



with respect to the guide rails 205 in the elevator  hoistway (not shown).
Figure 5: Force-Estimation  Current Command Controller 300 Figure 5a shows
an embodiment of the invention in  which the current command controller 200
has a force- estimation current command controller 210/300 that  includes a
force-estimation processor 310, a force  comparator 320 and a force
feedback compensation  processor 330. The force-estimation processor 310
responds to the  sensed gap signal Gm from a gap sensor 110, and further
responds to a sensed or measured magnet driver current  signal Y,,.,. from
a magnetic current sensor 228, for providing a force-estimation processor
signal indicative  of an estimation of the horizontal force to control the
elevator car 12 with respect to the guide rails in the  elevator hoistway.
The force comparator 320 is known in  the art and subtracts the
force-estimation processor  signal Fes, from the force command signal Fs
provided by the  position and acceleration feedback controller 130 in 16
Figure 2, for providing a force error signal FE indicative  of comparisons
of the force command signal F. and the  force-estimation processor signal F
to control the  elevator car 12 with respect to the guide rails in the
elevator hoistway (not shown). The force feedback  compensation processor
330 responds to the force error  signal F., for providing a force feedback
compensation  processor signal as a current command is to the magnet
driver circuit 220. The force estimation processor 310 may be  implemented
in hardware or software. When implemented in  software, a typical
microprocessor architecture is used,  as generally shown in Figure 6. For
example, the force  estimation processor 310 may include a microprocessor  



(CPU) 340, a Random Access Memory (RAM) 342, a Read Only  Memory (ROM) 344,
an input/output controller (I/O) 346,  and an address, data and control bus
(BUS) 348 for  connecting the microprocessor (CPU) 340, the Random  Access
Memory (RAM) 342, the Read Only Memory (ROM) 344  and the input/output
controller (I/O) 346. one advantage  of implementing the force-estimation
processor 310 in  software is that it can easily be updated and adapted
over time by simply adjusting the software program. An  implementation of
the force-estimation processor 310  using hardware is discussed below with
respect to Figure 9. The force feedback compensation processor 330 may 17
similarly be implemented in software with the same or a  separate
microprocessor such as shown in Figure 6. The  scope of the invention is
not intended to be limited to  any particular embodiment of the
force-estimator processor 310 or the force feedback compensation  processor
330, or whether it is implemented in hardware  or software, or a
combination thereof. The magnet driver circuit 220 is known in the art of
elevator systems and includes a current-error comparator  222, a current
feedback compensation processor 224, a  driver 226 and a magnet current
sensor 228. The current- error comparator 222 subtracts the measured magnet
driver  current signal I-," indicative of the measured magnet  driver
current applied to electromagnets 160 from the  current command signal I.,
for providing a current error  signal I. The current feedback compensation
processor  224 responds to the current error signal IE, for providing  a
current feedback compensation processor signal I. The  driver 226 responds
to the current feedback compensation  processor signal Ipe, for providing a
driver signal to the  magnet 160 that provides a magnet force to control
movement of the elevator car 12 (Figure 1) with respect  



to the guide rails in the elevator hoistway. The  magnetic current sensor
228 responds to the magnet driver  current, for providing the sensed or
measured magnet  driver current signal Imo, to the current-error comparator
222. As shown, the "not used" in Figure 5 indicates that 18 the
force-estimation current command controller 210/300  replaces the Hall
effect sensor 52 and the squaring  circuit 54 shown in Figure 3, which are
no longer needed. In operation, the force-estimation processor 310  takes
the sensed gap signal G, and the measured magnet  driver current signal
Imo,, and computes a force- estimation processor signal using a derived
Equation 1.0, as follows: Force = Km,,c * (Ic/G=C) 2 (Eq. 1) , where the
Force represents a force scaled in Newtons, K.,  represents a
proportionality constant (100 for the  smaller Front-To-Back Axis AMG
Magnet and 425 for the  Larger Side-To-Side Axis AMG Magnet) for a given
magnet  configuration, as discussed below with respect to Figure  12, Ic
represents the current command signal scaled in  Amperes, and G.9
represents an actual magnet gap signal  scaled in millimeters between a
pole face of a magnet and  a reaction surface of a guide rail, which is
determined  from the sensed gap signal G.. In the embodiment shown in
Figure 5b, the current  command signal Ic is fed to the force-estimation
processor  310 instead of the sensed or measured magnet driver  current
signal Imo, from a magnetic current sensor 228, if  the bandwidth is high
enough so the sensed or measured  magnet driver current signal I.., follows
the current 19 command signal I. In operation, the force-estimation
processor 310 responds to a feedback current command  signal Ic and the
sensed gap signal G., for providing the  force-estimation processor signal
indicative of the  



estimation of the horizontal force to control the  elevator car 12 with
respect to the guide rails in the  elevator hoistway. otherwise, the
embodiment is similar  in design to that shown and described with respect
to  Figure 5a above. Figures 7 and 8: Gap Sensor Processing Alaorithm:
Figures 7 and 8 show a typical physical relationship between the magnet,
the reaction surface and the position  sensor. As discussed above, in order
to estimate the  force produced by the AMG and ARG electromagnets, the air
gap length and magnet current for each magnet must be  known. The magnet
current is information readily  available from the magnet driver
electronics. In  implementing the drivers, current feedback may be used to
improve the response of the current control. In the case  of a system that
does not use current feedback, the  current must still be monitored to
insure that it stays  within safe levels, and is therefore available for
the  force estimation technique. Side-To-Side AMG Actuator Ga s: The actual
magnetic gap signal GMAC includes the 20 right side magnet gap G. and the
left side gap G1,. Figure 7 shows a physical system configuration for a
Side-to-Side axis. Two position sensors 110a and 110b  are examples of the
position sensors 110 in Figure 2 and  are used since the gap for both left
and right side  magnets must be known even as the Distance Between the
Guiderails (DBG) changes. The offset between the magnet  gap and each
position sensor 110a and 110b must be  physically measured. This is shown
and designated in  Figure 7 as Lm,, for the left side magnet and P,,., for
the  right side magnet. The measured offsets L",,,, and R,,. are  a result
of the mounting configuration of the magnets and  the position sensor and
do not change with system  operation. The measured left gap is G. 



The left side gap GL is determined using Equation 2,  as shown below: G11 =
Gmu - L,,fr. (Eq. 2) . The right side magnet gap G. is determined using
Equation 3, as shown below: Gri = G,,, - Rofr&:c (Eq. 3) . Note for the
side-to-side configuration, the gap  processing algorithm is identical for
either side. 21 Front-To-Back AMG Actuator Gaps: The actual magnetic gap
signal G. includes the  front magnet gap Gt and the back gap Gb, which must
be  determined. Figure 8 shows a physical system configuration for a
front-to-back axis. Note that there is only one position  sensor 110c in
the front-to-back axis and two magnets. Force estimation using Equation 1
requires gap  information for each magnet. The guide rail may be a
conventional 3/4 T rail which has a highly uniform 3/4  inch (1.9
centimeters) width, although the scope of the  invention is not intended to
be limited to any particular  type of guide rail. The spacing of the front
and back  magnets is determined by the guide head hardware. Hence  the sum
of the front magnet gap Grand the back magnet gap  Gb is a constant total
G,. Therefore, once a measured  front-to-back gap G,y is measured, and the
front magnet  gap Gf is determined, then the back magnet gap Gb can also
be determined knowing the constant total gap G. As with the side-to-side
magnets, there is an offset  between the front magnet gap and the position
sensor gap.  This offset must also be physically measured and recorded  as
"offset". The position sensor 110c measures and provides the measured
front-to-back gap G. The position  sensor processing algorithm for the
front magnet gap is  the same as for each side magnet above. The front
magnet gap Gi is determined using Equation 



22 4, as shown below: Gr = C;'MA - offset (Eq. 4) Knowing the front gap G,
and the constant total gap  G,, the back gap Gb is determined using
Equation 5, as  shown below: Gb = Gt - Gf (Eq. 5) Figure 9: Hardware
Implementation of the Force-Estimation Processor 310 Figure 9 shows a
detailed circuit diagram of a  hardware implementation of the
force-estimation processor  310 of Figure 5 for computing the force
estimate for  driving a pair of magnets. The circuit is designed to be
easily configured for either Front-To-Back or Side-To- Side Operation by
setting a jumper shown in Fig-ure 9A to  either SIS for side-to-side or F/B
for front-to-back, as  shown. Side-to-Side Gans: The jumper is set to SIS
for side-to-side position. A Left The operational amplifiers UI-A and UI-B
process the  gap information for a left side magnet 150a in Figure 7 23
using Equation 3. Gap 1 represents a measured left side gap signal GOM11
and is a voltage output provided directly from the left  side position
sensor 11Oa in Figure 7. The measured left  side gap signal Gam, is scaled
to give a 0 to 10 volt signal proportional to a 0 to 10 millimeter gap. The
operational amplifier U1-A has a potentiometer P1  associated therewith
that is adjusted to calibrate the  measured left side gap signal Gam,, so
that the voltage at  test point node TP1 equals a negative of the measured
offset between the position sensor and the magnet gap.  The output from the
operational amplifier Ui-A represents  a negative an actual left side
magnet gap -G.. 



The operational amplifier U1-A is configured as a  summing junction
computing: -1 * (GOLI, + -Lorr.) where a left offset voltage Ly,a is
negative. In  addition, the operational amplifier U1-A provides a  single
pole lag filter having a capacitor C20 and a  resistor R2 with a breakpoint
set at 30 Hz to reduce  noise. The operational amplifier U1-B is a unity
gain  inverting amplifier. The output of the operational  amplifier U1-B
represents an actual left side magnet gap G11. 24 A Right Side Ma net Gap G
: operational amplifiers U1-C and U1--D process the gap  information for a
right side magnet 150b, shown in Figure  7, using Equation 4. Gap 2
represents a measured right  side gap signal G. and is the voltage output
directly  from the right side position sensor 110b. Similar to the
calibration discussed above, the operational amplifier  Ui-C has a
potentiometer P2 that is adjusted to calibrate  the measured right side gap
signal Gam,, so that the  voltage at a test point node TP2 equals the
negative of  the measured offset between the position sensor and the
magnet gap. The output from the operational amplifier  Ul-D represents an
actual right side magnet gap G,. Front-TO-Back Gans: The jumper is set to
F/B for front-to-back position. A Front Magnet Gan G: The operational
amplifiers Ul-A and U1-B process the  gap information for a front magnet
150c shown in Figure 8  using Equation 5. Gap 1 represents a measured
front-to- back gap signal G, and is the voltage output directly  from the
Position sensor 110c. Calibration by adjustment  of P1 is the same as for
the left side magnet 150a  (Figure 7), as discussed above. The output from
the  operational amplifier U1-8 is an actual front magnet gap  



Gr. 25 A Back Magnet Gap: The operational amplifiers UI-C and U1-D process
the  gap information for a back magnet 150d using a  combination of
Equation 5 and Equation 6 shown below. The circuit in Figure 9 processes
the actual back magnet  gap Gb using Equations 4 and 5, as follows: Gf =
Gdb -- offset (Eq. 4) and Gb = Gt - Gr (Eq. 5) Substituting the actual
front magnet gap GE from Equation  4 into Equation 5 yields: G, - Gb = Gr,
- offset solving for the actual back magnet gap G. yields: Gb = -G,b +
offset + Gc (Eq. 6) Because there is only one sensor, the Gap 2 input is
connected to the Gap 1 input, and this is'the voltage  output directly from
the sole front-to-back position  sensor. 110c in Figure 8. The sensor
output is scaled to  give a 0 to 10 volt signal equal to a 0 to 10
millimeter  gap. To calibrate the position processing, the  potentiometer
P2 is adjusted so that the voltage at node  TP2 equals a minus of a sum of
the constant total gap G,.  and the measured front-to-back offset G_,,,
between the 26 position sensor 11oc and the magnet gap. The output from
the operational amplifier U1-C then becomes the back gap Gb The operational
amplifier U1-C is configured as a  summing junction computing the actual
back magnet gap Gb  of Equation 6. In addition, the operational amplifier
U1-C provides  a single pole lag filter having a capacitor C21 and a
resistor R2 with a breakpoint set at 30 Ha to reduce  noise. The
operational amplifier U1-D is jumpered-out  



(i.e. disabled) for the front-to-back configuration. Force Estimation
Network: once the gap has been successfully processed, the  resulting
signals must be processed with the  corresponding sensed or command
currents for the magnets  to generate force estimates by using AD534
multipliers  U2, U3, U4 and U5. For the given values of the proportionality
constant  K above, the current sense signal must be scaled to 1  volt per
Ampere. If the available current sensed signal  is scaled differently, the
proportionality constant  would be adjusted accordingly by recalculating
Equation 1  for the given data. The AD534 multipliers U2, U3, U4 and U5
with the  following transfer function are used to divide the  measured
current I.,,. by the actual magnet gap Gm"i: 27 (X1-X2) * (Y1-Y2) = 10 *
(Z1-Z2) (Eq. 7), where Xl, X2, Y1, Y2, Z1, Z2 represent the inputs for the
AD534 multipliers U2, U3, U4, U5. By setting the X2, Y1 and Z2 inputs to
zero,  Equation 7 yields: Y2 = -10 * Z1/Xl (Eq. 8) As shown in Figure 9A,
the measured current signal  I,,.,, is fed into the Zi input and the actual
magnet gap  signal G., is fed into the X1 input, and the output signal
becomes: -10 * I_/GMn The output signal from the AD534 multiplier U2 is
fed into the AD534 multiplier U4 to perform a squaring  function. (Xl-X2) *
(YI-Y2) = 10 * (Zl-Z2) (Eq. 7) Setting the X2, Y2 and Z2 inputs to zero and
sending  the signal 10*I/G to both the X1 and YI inputs yields: Z1= 10 *
I'"= _ 



/GM"R (Equivalent with scaling to Eq. 1) 28 The AD534 multipliers U2 and U3
divide the current  by the gap signal. The AD534 multipliers U4 and U5 are
configured to square their input signals. The operational amplifier U6-A
inverts the force estimate for  channel 1, and the operational amplifier
U6-B sums the  two channels so that a positive signal represents the  front
(or Left Side) magnet force and a negative signal  represents the back (or
Right Side) magnet force. The  operational amplifier U6-B is also
configured-as a first  order lag filter having a capacitor C22 and a
resistor  R23 with a breakpoint set to 300 Hz to reduce noise  without
significant phase loss at 30 Hz. The operational  amplifier U6-B also
scales the output, as explained  below. Equation 1 determines the force in
Newtons for the  proportionality constant of 100 or 425 for the two
different AMG magnets 160 shown in Figure 2. For a force  feedback loop,
the Force in New-tons must be scaled to a  reasonable predetermined voltage
range. Since the front- to-back magnet produces on the order of 650
Newtons, a  reasonable output voltage might be 6.5 volts. In this  case,
the proportionality constant K. would become 1,  and the operational
amplifier U6-B would be set to a gain  of 1. The side-to-side magnet
produces 1300 Newtons. If  the output is scaled to 6.5 volts, then the
proportionality constant K.,., for the side-to-side magnet  would become
425/200 or 2.125. In this case, the 29 operational amplifier U6-B would be
set to a gain . of  2.125. The Operational amplifier U6-C inverts this
Signal and provides it as the force-estimation processor  signal from the
force estimation processor 31o in Figure  5. Figures 10-11:
position-Scheduled  



Current Command Controller 400 Figure 10 shows an embodiment of the
invention in  which the current command controller 200 has a position-
scheduled current command controller 210/400, which may  be implemented in
hardware or software. The scope of the  invention is not intended to be
limited' to any particular  embodiment of the posit ion"scheduled current
command  controller 400, or whether it is implemented in hardware  or
software, or a combination thereof. In the embodiment shown in Figure 10,
the position- scheduled current command controller 400 is implemented  in
software using a microprocessor architecture similar  to that shown in
Figure 6. In Figure lo, the position-scheduled current  controller 210/400
responds to the force command signal Fd  from the highest level control
(i.e., outer position  and/or acceleration loop) and the sensed gap signal
GM  fed back from a -gap sensor 110 of the magnet pair of  interest, and
uses Equation I to deter-mine and provide a  position-scheduled current
controller signal as a current  command Ic to the magnet driver circuit
220. The - 8 DEC 2003 30 position-scheduled current controller 210/400 must
determine the actual magnet gap signal G from the  sensed gap signal Gm, as
discussed above. As also discussed above, the magnet driver circuit  220 is
known in the art of elevator systems and similar  to that discussed above
with respect to Figure 5. In operation, the position-scheduled current
command  controller 210/400 receives the force command signal Fd,  and the
sensed gap signal Gm, and generates a position- scheduled current command
controller as the current  command Ic to the magnet driver circuit 200,
using a  technique that requires the current output of the magnet  driver
circuit 220 to follow accurately the current  



command signal I. The method for controlling may include  the following
steps: Step 1: Determine the magnet to energize Based on the sign of the
desired force request, one  can determine the appropriate electromagnet to
energize.  For example, a positive force indicates to energize the  front
or right side magnet, while a negative force indicates to energize the back
or left side magnet. Step 2: Determine the actual magnet gap Gm.  Determine
from the measured gap sensors what the actual magnet gap GMAC for the
specific magnet identified  in Step 1. This position sensor processing
follows the 31 same procedure as outlined in the prior discussion with
respect to Figures 6 and 7 of the gap sensor processing  algorithm. Step 3:
Determine the command currents for the  magnets Based on steps (1) and (2),
determine the command  currents for all magnets using the idealized model
of  Equation 1 and the empirically derived magnet proportionality constant
I.s, that is, Ic = square root (Fa/y,,,r) * G_ Attached as Table 1 at the
end of the specification  is the software code for the position-scheduled
current  command controller 210/400. Figure 11 shows the position-scheduled
current  command controller 210/400 in combination with the  position and
acceleration feedback control 300 corresponding to reference numeral 130 in
Figure 2,  magnets 150c, 150d in Figure 8, position sensor 11Oc in  Figure
8 and a magnet driver 500 similar to the magnet  driver-circuit 200 in
Figure 10. As shown, the magnet  driver circuit 500 responds to the current
command signal  Ic, which represents a position-scheduled current command,
and provides a magnet driver signal to magnets 150c, 150d  



for front-to-back control of an elevator car (not shown)  The magnet driver
circuit 500 includes a pair of diodes 32 502, 504, an inverter 506, two
comparators 508, 510,  which are simultaneously biased, lag filters 512,
514,  amplifiers 516, 518, and nodes 520, 522 for feeding back  left
front-to-back signals l,b to the lag filters 512,  514. Figure 12: Figure
12 shows a graph of side-to-side AMG magnet  performance used to derive the
Equation 1. In general, the two different magnet configurations  of Figures
7 and 8 were tested in a testing rig that  holds the magnets a fixed
distance from an elevator guide  rail (reaction surface) in a static
relationship. A  fixture was equipped to measure a force produced using
precision load cells and a magnetic field using Hall  effect sensors while
the magnet was energized with a DC  current. The experiment was conducted
for gaps from 2 to  10 millimeters in 2 millimeter increments and currents
from 0 to 20 Amperes in 2 Ampere increments. The data  was analyzed and an
empirical model of Force versus  Current and Gap was derived by curve
fitting. Figure 12  provides the graph of a set of data tested using the
model of the derived Equation 1: Force = * ( 2C/ G ) Z where the Force
represents a force signal scaled in 33 Newtons, F.,. represents a
proportionality constant for a  given magnet configuration, (100 for the
smaller Front- To-Back Axis AMG Magnet and 425 for the Larger Side-To- Side
Axis AMG Magnet), Ic represents a desired force compensated current command
signal scaled in Amperes, and  G,,c (also referred to as G.,,,. above)
represents the actual  magnet gap between a pole face and a reaction
surface scaled in millimeters. 



For a range of gaps between 2 to 10 millimeters and  a range of magnet
currents between 0 to 20 Amperes,  within the rated force limits of the
electromagnets,  Equation 1 models the force generated within less than
10t from the load cell measured force. The plot in  Figure 12 is for the
1300 Newton Side-To-Side AMG magnet  operating at a 6 millimeter air gap.
The asterisk "*" in  Figure 12 indicates where the current measurements
were  taken. Both of these cases are outside the normal  operating range
of, the system. This estimation error  using current and gap is comparable
to the error  associated with the Hall effect sensor derived force
estimation. These force errors are insignificant in  active elevator
suspension systems that typically have  outer feedback loops (based on gap
sensing and/or  acceleration signals) closed around this inner force  loop.
34 SCOPe Of the Invention It will thus be seen that the objects set forth
above, and those made apparent from the preceding  description, are
efficiently attained and, since certain  changes may be made in the above
construction without  departing from the scope of the invention, it is
intended  that all matter contained in the above description or  shown in
the accompanying drawings shall be interpreted  as illustrative and not in
a limiting sense. It should be realized that the position and feedback
controllers 130, 300 of Figures 2 and 11, respectively,  may take forms
other than indicated, e.g., according to a  "learned-rail" approach shown
in U.S. Serial No.  08/292,660, as well as that disclosed in U.S. Patent
Nos.  5,294,757; 5,304,751 and 5,308,938. Other applications include any
system that uses an  electromagnet to produce a force across a large air
gap.  The electromagnet force may be either attractive or  



repulsive. Specific applications are envisioned in the  field of magnetic
levitation trains or shuttles, and  magnetic bearings. It is also to be
understood that the following  claims are intended to cover all of the
generic and  specific features of the invention herein described and all
statements of the scope of the invention which, as a  matter of language,
might be said to fall therebetween. - 8 DEC 2003 35 TABLE 1 36 FOR USE WITH
BORLANDC C++ or TC++ ". COMPUTER: PC .. MODULE PURPOSE: Program for data
acquistion of'16' single ended  analog channels of data from a MctroBytc
DAS-20 board and  drive '6' channels of magnets using the DDA06 Analog
output  card. Second DDA06 is used for diagnostic purposes. - UNPUBLISHED
WORK  m 1996 Otis Elevator Company 37 Data to be acquired at user defined
rate using the  DAS-20 programmable; timer. This version acquires data
under program control The first channed is synced to the programable timer
and all following Channel} arc taken  immediately~-. using MEDIUM memory
model ` Uses project file that includes TC ALLOC.C and DAS20CNi.LI13 .. ".
Copyright - United Technologies Research Center .a.rr.r......r
....................rr.r.........r..r......... r.........../ 'include
<conio.h>  include <stdio.h> #include <stdlib.h>  #include <alloc.h>  



include <math.h> #inciude <dos.h> ii cirscrO getchO kbhit() 11 print!()
fopen() fclosc() sscanf() FILE  11 exit() 11 farcorlcft() farcaIloc()
farfrec0  /1 sin() M_PI fabso I/ delay extern int das20(int , int declare
CALL structure 'define BUFFERL 101  :ddefine BUFFER 10  define DAS_ADDR OX)
10  #deftne DDAOG  ADDR 0X330  Rdcftne DDAO6_ADDR1 0`3,0  define
NUM_CHA.NFS 16  #define COIVFIG_COEFS 16  'define CAL_COEFS 7  def'ine SS
STATE COEFS 40  'define SS_PIDMCOEFS 20  #efine SS LAG COEFS 40  'define SS
FLAG COEFS 40  define FB STATECOEFS 30  'define FB_PIDM COEFS 80  define
FB_LAGCOEFS SO  #dcfine FB PLAG COEFS 40  ;define GLAG COEFS 80 1` 1/
DAS-20 base address.  11 DDAO6 base address 11 DDAOG -1 base address
.rwrrrr.r..rrr.. r.... a.r.......rr.rr.rrrrsr.rrrrrrra.a..rrrr rr r.
r.^r.rrr GLOBAL VARIABLES r.r..a.r..rrr
...................wrrr.r.r..r.rraar r.. r. r.rrrrr..r..rr rrr /  int
Params(161;  int Flag; 



int Mode; I'  ....
.....................................................................
DEFINE FUNCTIOrJS .................
..................................................... 38 volt 1;ctTcli:u
void rcad_oiIII,S_til():  void rc:id_Cal_tiIO.  void rc:IdJMS_Iil().  void
rc.1d_acC_IiI( void rcad_ss_stutc_f l() void -read ssJP idm_GIO: void
rc.1d_ss_lag_ClI();  void rcad_ss_plag_fiI();  void read (b staic r, I()-,
void read_fb_pidm_fil();  void rcad_fb_lag_G1();  void read_fb_plag_filQ;
void rcad-glag_FIO;  void init_das2Q(); void init_dda06(),,  void
define_qucue(); void set block _tinler_frcq(;  void ss control(); void fb
control();  void ss_gap_filterO;  void lb gap_taltcrQ;  void analog outo-,
void Analog outlO; I. ....
........................................................A A........... MAIN
PROGR \4 .........................................
....................w...^t.a....  .' main(void) register is 



int samples_pc:_sec;  int toggle; i nt base; lilt tcmppos; int chans(``1JM
CHANS];  int g3ins[NUI'i_CHANS]; in[ Icrnp_data(NUM CHANS]; int
lemp_chan_datt(MJM_CHANSj;  int map 1(BUFFER]; int
bllb_ntagnet_cmd(BIIFFER]:  int bss_magne cnrd(BUFFER];  int
tss_magnct_cmd]BLJFFER];  int brtb_mabnet_cmd[BIJFFEP,];  iitl
tllb_rnaguct_cmd]BUT=FER],  ini trlb_nl;-,gnwt_Cnid]l3UFFER]. 39 unsil;iuoJ
lilt (Iui:i_Jest_sc1;. tluai Ctur = 1012tta7.  tlo:u v (k)c = 2047.1111;
flilat kss5.37. 11 1425I 6''2(eVV)l I I 1311(N/V)j float kIb =3 94, II
[10111.0^2(A/V)l / (65 {NIV}j float ch0 v, bif gap_mnt , blf gap_crr;
float ch I_v, bls_gap_nint , bls_gap_crr;  float ch2_v, brf gap_mnt , brf
,rap_crr;  float chJ_v, brsggap_mm float ch4_v, tlf_gap mm , tlf_gap_crr;
float C115 -y, tls_gap_rnm tls,gap_err;  float ch6 v, trf_gap_mm ,
trfgap_crr;  float ch7 v, trs,_ggap mm ; float chi v;  float ch9 v;  float
ch 10_v;  float ch 11 v;  float ch 12_v;  float ch l 3_v;  float cli 14 v;



float Ch I 5-v-, float confi zz(CONFIG_COEFS]- float b1fb_Ca1 CoCf[CAL
COEFSj:  float bls cal coeQCAL COEFSj:  float brfb cal coefiCAL COEFSj;
float brs cal COef[CAL COEFSj;  float tIIb_caI_cocfICAL_COEFSj;  float tls
caI_coegCAL_COEFSj;  float trio caI_cocf(CAL COEFSI;  float trs_caI
coeftCALCOEFSJ; float ss_state coefs[SS STATE COEFS];  float ss_pidm
coefs[SS PIDM_COEFS];  float ss_lag_coefs(SS LAG_COEFSj;  float ss~lag
coefs{SS_PLAG_COEFSj;  float fb_statccocfs[FB STATE COEFSj;  float fb_idrn_
coefs(FB PIDM COEFS];  float fb_Iag_coefs[FI3 LAG COEFS];  float
fb_plag_coefs(F$_PLAG_COEFS];  float glag_coefs(GLAG COEFSj; in( 'Clio-,
in( chi;  int 'ch2;  lilt "chi,  lilt ch4  lilt "cIt5,  IFLI lilt 1i7 40
r11t L1i5  1111 ch'l;  nu 'C1110  l i l t II I  iiii ch 12.  fiat 'Ch I .i;
lilt 'Ch 14'.  



ill[ *ch15; float 's5 cnid v;  float fb_cmd__v;  float 'filtcrcd_gaps;  in
i t_ddat6(); clrscr(); 11 READ CONTROL COEFFICIENTS DATA FROM DISK
rcad_config_fil(&cortrg); read cal fiI(&b[fb_cal_coef,&bls_ca1
coef,&brfbcat eoef,&brscal coef,  &ttlb_caI coef,&tls caI coef,&trfb
cal_coef,&trs cal coef) read ss state fil(&ss_state_cocfs);  read
ss_pidm_fil(&ss read ss_Iag_flI(&ss_lag_eocfs),  rcad_ss_plag_fil(&ss_plag
cods);  rcad_lb state fjl(&fb state_coefs);  rpad_fb_pidm_fil(&fb_idnt
-cods);  read lb_tag_fi1(&fb_lag_cocf5);  read_(b-Plag_1iil(&fb_plag cods);
rcnd_gla;_fil(&glag_caefs); satnptes_per sec = (lilt) config(0J;
init_das20()-,  bet chans_gains(chans,gits);
define_qucue(chans,gains,NUM_CHANS);  set
block_timer_freq(samplcs_per_sec); if (((int ') c1h0 =
calloc(BUFFERL,sizeof(int))) = NULL)  { printf ("ERROR Allocating memory
for CH.AUNQ lEL 0');  exit(-1); }  if (((int ') ch I =
calloc(BUFFERL,sizcof(int))) _= NULL)  { prinU('ERROR Allocating memory for
CHANNEL I");  exit(-I ); if (({lilt ") c112 = call(x(EUFFERL,sizcaf(int)))
== NULL) 1)rintl('ERROR A11ocaiisig iiie,nary for CHA.NrtEL 2").  c,,k(-1).



41 rl i(ii++I ) cltti = i illo (1)U[-k I:RL,sizcut(irtit)}) == NUU1_[_)
hrintf ("ERROR A1loc;tli19 ntctnor) for CHANNEL 3");  exit(-1); it'(((int )
64 = caI[oc(13WFERL,sizco((int))) _= NULL) pntttf ("ERROR Allocating mcmory
for CHANNEL 4");  exit(-1); }  if (((in( ") ch5 =
calloc(BUFFERL,sizeof(inQ)) = NULL)  ( prin[f ("ERROR Allocating memory for
CHANNEL 5"),  exit(-I); }  if (((int -) ch6 = calloc(BUFFERL;sizeof(in[)))
= NULL)  { print! ('ERROR Allocating memory for CHANNEL 6");  exit(-I); }
if (((in( -) ch7 = Calloc(BUFFERL,sizeof(int))) = NULL)  { print! ("ERROR
Allocating memory for CHAD'', fEL 7"):  exit(-I); if (((int ") chi =
calloc(BUFFERL,sizeof(int))) - NULL)  { print! ("ERROR Allocating mcmon,
for CHANT L S"):  txit(-l ); if (((int ) ch9 = cal[oc(BUFFERL,sizeof(int)))
~ NULL) printf ("ERROR Allocating memory for CHANNEL 9");  exit(- I ); if
(((int -) ch [Q = calloc(BUFFERL,sizeof(int))) = NULL)  { print! ("ERROR
Allocating memory for CHANNEL IQ");  exit(-1); }  if (((int ) ch I I =
calloc(B(JFFERL,sizcof(int))) = NULL)  { 



print[("ERROR Allocating memory for CHANNEL I 1-),  cxi* ); }  if'(((int `)
c[t12 = calloC(BUFFERL,sizeoF(int))) = NULL)  { printf ("ERROR Allocating
memory for CHANNEL 12");  exit(-1); }  if Mint ) cltl3
=Calloc([UFFERL,sizcof(int))) = [MULL)  { print! ("ERROR Allocating ruemory
fur CHANNNNL-1:. 13")-. 42 if Min( ) cli 1 4 = cal[ac{l3UFFERL,si;xaf(int)p
NULL)  { printf (`ERROR Allotting nicnionv for CHANNEL 14"),  exit(- 1). }
if (((int ') ch 15 = calloc(BIJFFERL,sizeof(ilit))) _= NULL)  { printf
("ERROR Allocating memory for CHANNEL 15");  exit(-I); }  if
((dma_actual_seg = TC_aIloc(2`NUM CHANS, &dma dcst_seg)) = 65535) exit(-1);
printf ("\n\t Cannot Allocate Buffer"); }  if (((int ) ss_cmd_v =
calloc(2,sizeof(float))) = NULL) printf ("ERROR Allocating memory for SS
CMD_V");  exit(-1); }  if (((int -) !b_crnd v = calloc(4,sizeof(float))) =
NULL)  { printf("ERROR Allocating memory for FE CMD_V-) if (((int )
filtercd_gaps = calloc(3,sizcof(iloat))) _= NULL) printf ('ERROR Allocating
mcnionv for FILTERED GAPS");  exit(-I ); 



} // BLOCK SCAN FOR DATA Params[0]=2; // Number of times thru queue
Params[ 1 j=dma_actual se;; Pointer to address for data  Params(2]=2; //
Internal trigger no gate  Params[31-0; // Recycle Flag = das20(27, Params);
if (Flag != 0) If Error if flag not 0  { printf(`\nN1ode.27: Error in call
to block scan. Fla; %dln', Flag);  exit(- i ); } toggle= I ;  base;  i=0;
do'  ( //WAIT FOR COMPLETIONOF SINGLE QUEUE PASS 43 do  { if (tFbg =
das2O(I2.Par:iins)) I=t)) printf ("~jtlt Mode 12: Error monitoring
coincrsiow, Flag=';t,d",  Flab); printf("lnlt Conversion %u",ParanIs(2j);
exit(- I ); }while (Params(21 != NUMCHANS - toggle); 1/ Wait for AID
conversions  // READ CONVERSIONS INTO TEMPORARY ARRAY Params(Oj=NUM_CHANS;
1/ Number of channels  Parat s(1I=dma_actual seg; /1 Pointer to address for
data  Params(2]=base; 1/ Offset address for source data
Params(3]=offadr(temp4ta); //Where to put data
Params(4]=ofTadr((cmp_chan_data);// Where to put channel data  Params[5]=1;
// Bipolar data Pararns(6]=0; 1/ No SSH-4  Flag = das20(13, Params); 



if (Flag != 0) /1 Error if flat, not 0 printf(-%n\1 Modc 13: Error
Rctrcivitig data form memory. Flae=%d'\n-,  Flag); cxi t(-1); } //MAD
TEMPORARY ARRAY iNTO FINAL ARRAYS  (chO+i) = temp_d2t3(0]; *(ch1+i) = temp
data[1];  *(ch2+i) = tempdata(2];  *(ch3+i) = temp _d=(3];  (ch4+i) =
temp_data(4];  *(ch5+i) - tcmp_dat2(5];  "(ch6+i) = tempdata(61;  "(ch7+i)
= temp data(71;  *(ch3+i) = temp data[8];  *(ch9+i) = temp_data(9J;
*(ch10+i) = temp data(I01; (ch 11+i) = tempdata(11 ];  (ch 12+i) =
temp_data[ 121;  (ch13+i) = temp data1131;  *(Ch 14+0 = temp _~data(141;
(ch 15+i) = temp data(15 j; /" Generate Square Wave to check Timing. Wave
will he HIGH (5V)  for 1/samples_pcr_sec and LOW for l/;lmplc;~c r_Sec. I.E
Square Wavc will be 112 Sample Rate Frcquenc .. -/ 44 irr:,I1ljij = IIJ_I
I,-g1;Ic //FIRST LINEARIZE AND NORMALIZE TIE GAP SENSORS.  chO_v = c_to_%,
' ((chf)+i)): blf gpp_mm = cliO_v  C1r0_v - ch0_v  ch0_v bllb cal coel1Ul +
Cho v ' cltO v  Cho -V  blfb_cal coca I 1  1 chO_v  chO_v  bllb
cal_coc:f(2] +  ch0_v - bllb_calcocg3j +  



blfb cal cocfj4] + 0.5 bllb_cal cocg5] ;  blf_gap_crr = blf gap_mm - 0.5
blfb_ca! cocf15j; ch I. v = c_to_v - (-. (ch I+i)); bls_gap_mm = chl_v
*C111 _v - chly - chl v  bls_CalcoegO] +  chi v  chl_v - chl_v bIs cal
cocfjl] +  ch E v  ch l v  bls_cal cocfZ2] + ch. I _v  bls_cai_coef[31 +
bls c3I_Coef]4] ; ch2 v = C_to %,  ('(c112+i)). brf_gap_rtvn = ch2_v ' ch2
v  ch2Tv  ch2 v - brit c l cocfoj  ch2_v  ch2v - ch2_v  brfb ctl' cocf[II +
cl12_v ch2_  br;b_cah_cocq3] +  ch2 v - brfb cal cocft3] + brfb cal coef[4]
+  0.5 brfb_cal coef[5] ;  brf_gap_crr = brf_gap mm - 0,5 -
brfb_ca1_coeg5]; chi v = c to_v - ('(Ch3+i)); brs_gap_mm = ch3_v  ch3_v
ch3_v - ch3_v - brs Cal coefj0l +  chi v  ch3_v  chi v brs cal cecf[ l j +
chi v - ch3_v  brs cal cocft2] + ch3_v - brs cal_coefj3j +  brs cal_coeg4]
ch4_v . = c_to_v  (-(ch4+i)); of gap_mm = chit v ' cha_v  ch4 v - ch4_v
tlfb_cal_cocl0] + chi v  ch.,v - chl v * tifb cal coef'(I ] +  Cho v  C1
14-V  tllb cal cocfi2] +  .Ch1_v  Ufb cal'coef]3] + 11(b cal coc1Z4 j +
0.5 IIIb cal_cocll5j  ill gap crr = Ilf_bap_nrni - 0.5 ' Illb_c:Il_cocl]5j;
45 clti_~ =c log,,' ((~Iti=i11. Ili_galt_ntcn = Clti,~  chi ti cl~i_t
k:113 v .III cal couf[II[  c115_~+  clt5 .  clti_~  (Is ca! COcq I I i.
chi v . cli5 II; cal co f]2] t 



c115t- - Ils_calcocl13] +  IIs cai_cucf]4[ : ch6_v = c_to_v * ((ch6+i));
trf_,gap_mm = ch6-v  ch6v  chG_v ' Ch6_v  tdb cal Cocfj0] +  ch6 %_ chG_v
chG_v  trfb_cal cocf[I] +  ch6-v  chG_v ' trfb cal cocl21 +  chG_v
trlb_Cai_coc1 3J + Irlb cal coclj4] +  0.5 * trfb_ca!_cocf[5] trf gap_err =
trf gap_mm - 0.5 - trfb cal coeg5j; ch7 v = c_to_v * ((ch7+i)); trs_gap_mm
= ch7_v  ch7 %' ch7_v * ch7_v * trs_cal_coef[0] +  ch7 v ch7_v  ch7-v
trs_cal_coef(1] +  ch7-v  ch7-`' ` trs cal coeg2 +  ch7_v trs_cal cocf[3] +
trs caI_coc(j4]  11 Send Out Linearized Gaps for Diagnostic Purposes
temppos = (in[) v_to c ' bIf pp err,  analog_out1(1,tcmppos);  temppos =
(int) v_to-c - brf_gaperr:  a nalog_out! (2, Lemppos); temppos = (in[) v_to
c ' tlf_gap_crr;  analog outI(4,tcmppos); temppos = (int) v_ta c
trfgap_err,  analog outI(O,temppos); 11 Zero O(Tset on ACCELEROMETERS  if
(ice) ( blfb_cal_coef[6] = c_to_v  ('(ch3+i));  bis cal cocf[G] = c_to_v
(*(ch9+i));  brfb cal cocf[6] = c_to v  ((ch I O+i));  tllb_cal_cocf[G] = c
_to v.' ('(chi l+i)):  tls_cal coef[6j c to_v  ((ch12+i));
trfb_caI_coe(ZG] c to v  ((ch13+1)): chS_v = (c_lo v  (ich3+0 )) - bllb cal
cocf[r  C119 -V = (c to v  ('(C]14)+ I') )) . bls_cal cocfp I.  



ch lrl v = (c to v  ((ch 10fii))) . brfb cal coctg(-,f, II I_V = (c_tO_ %-
((ciiI 1 +i))) - t(th Ca!_coct]f,1: 46 L III t'll l s t. Iii ,
(*Ith1!.rr11 -tl%, %..111 cu~lII'l.  I,. I-) ,v  ((,'I,I ;. Mt - Irll~
c:ll_ccklji'i, I-cit tilde htur1IN 1{It;lrl . IIJc ~, iI5crrll,~ to
t:]r:urgcy In I) 13G  h!s ~':Ils err ' (l)li,~:rl)_mm - brs_ al),I~iril)l:
b15_gal~_urr,  ll5_g:p-crr (tls_b:rl),rouu - trs_gal~_uulr)/? -
tls_gnp_lurrr; /!CALL SIDE TO SIDE PID CONTROLLER  ss_control(ss
and_v,bls_gap crr,tls_gap_err ch9_v,ch 12-v. SS BRIG coc1S,ss_pidrft coeff,
SS_lag_cocfs,ss pIag_cocfs,i). //CALL FRONT TO BACK PID CONTROLLER
fb_control(Ib_cmd v,bif-gap_err,brfgaperr,  Or gap_crr,trf_,gap_crr,
chS_v,ch 10 v,ch 11_v,clt 13_v,  fb slate cocfSA_pidm cods,  fb_lag_eocfs,
fb_p1aa_caefs, i); //'FILTER GAP READINGS TO COMPUTE CURRENT CONTROL
ss_gapfiltcr(filtcrcd Qaps,bls_sap_ntm,brssap_mm,  its6antm lrsr;apmm, old;
cods.i);  tb_,gap_FHLCr(fiRcrcdulaps,blf elp_,, m,brf enp_mtii.  11f
_np_:nrtt,trf 23p_ntm ,lag co~fs.i);  bls.gap_nttn = (filtercd_g;tps+U).
brs_gap_mm = '(1iltercd_gaps+l);  tis_gap_mm = ( filtcred_gaps+2);
trs_gap_ntrn = (filtcrcd I! b1f gnp_mnt = '(fi1tcrcd_41ps+4);  brf_gap mm =
'(filtered daps+5)-.  ll tIf_gap_mm = (nccrcd_gaps+G);  Il trf_gnp_mm
='(filtcrcd_ ps+7); 



I/ADD INJECTED FORCE SIGNAL TO CLOSED LOOP FORCE COMMAND  ch14_v ((ch
la+i))- 1/diagnostic for force injection (ss_cmd_v (ss_cmd_v ) + ch 14_%, -
config[ 111;.  (ss_cmd_v+I) = (s5 clild tiv+I) + ch14 v  (ss_cnnd_v+l) = ch
14_v  coltfo[ I41: cortfig[ 141:  (Ib_cmd_v ) = -.(Ib ctud_v ) + ch 14_v
config[ 101.  (Ib_crud v+1) - -(lb Clnd tv*1) +ch11 v co g[ 121;.  (Ih_cI
Id-v+2) = (fb_cnrd v-+? + ch - nfi (fh cllr~l v+3 - ) ll v canto[I31,  ) =
((b-c 1%d_/+3) + ch11_v con1g[ 151. 47 IAP I ~I:rrt-~;ttn _ t/3. (s_c
atul,v} = (ss curd_~ 1 ' st;crt_g~in;  (is Cncd_v{I) = '(5S cmd vi I }
'start gain;  `(lb_cnrd_v) '(Ib cnzd_ti) -start~ain;  (tb_cntd_v+1) ='(fb
cncd v+1)  start -pin ;  (Ib_cind_v+2) = (Ib cmd v+2)  start _gain ;
1(Ib_and_v+3)= (Ib cntd_v+3)  start_gain; .! SIDE TO SIDE CURRENT CONTROL
ss_ctnd v is the volts equivalent for Force in newtons.  The conversion is
130 NA'. .! Bottom  if( '(ss_cmd v ) <0) ll Use right hand side magnet
(ss_cmd_v ) = -1 ' ('(ss_cmd_v) ); (ss cmd_v ) _ -1.2 . fabs(brs_gap_mm)
sqrt( ^(ss c nd_v)/kss):  else Use left hand side magnet (ss_cind v j = 1.2
- fabs(bls 



_gap m _m) ''sgn('(ss cord v)/kssy !1 Top, if ( "(ss crtid_v+1) <t1) !/ Use
right hand side magnet (ss cntd v+1) = -I ("(SS cmd v+1) ); '(ss_cmd_v+I) -
-1.27 fabs(trsoap_mm)'sgrt('(ss_cmd v+1)/kss).  else 11 U 1 f ( } c hand
stdc magnet '(ss_cmd_v+i) = 1.27  fabs(tls eap_mrrt) ' sgrt(
'(sscmd_v+1)lkss); / FRONT TO BACK CURRENT CONTROL  tb_crnd_v is the volts
equivalent for Force in newtons.  The conversion is 65 N/V /  !! Bottom
Left if ( '((b_cmd_v ) <0) Usc Back Magnet (Ib cmd_v ) = ('(lb cmd_v ));
((b_cmd_v ) = -1 - (b1(b__cal_cocgSj -blf .gap,mm - conrgj 11)
sgrt('(Ib,cned_v )/klb); cIsc /! Usc Front Magnet (111_C11101_t ) = I '
(1~If_gap;nurt - C0116gj2)) 48 't''r til~ Vin,,! v1rk~1)-. 1/ J )thHn I1l[;
hI If ( (tb-ell tgl_i+ Dack latneI  (Ib tiud_v I) = -l  (-(lb cind_v+l) ):
'(Ib_cmd_v+I) = - I - (brIb_c:il coclj5 I - brf_gap_mm - config[31)  sgrt(
(Ibcmtd v+I)/k!b); else 1/ Use Front Magnet (lb cmd_v+ l) = I -
(brf_gap_ntm - config(4  sgrt( (Ib_cmd v+I)Afb); // Top Left if (-(Ib_ctnd
v+2) <0 ) /I Use Back Magnet -(fb cmd_v+2) _ -1  (((b_cmd_v+2) ); 



_Mm  -(fb cntd_v+2) = -1  (tlfb I coeq5j - tIf_ up sgrt('((b cmd v+2)/klb);
else 1/ Use Front Magnet  { 0b_cntd_v+2) = L ' (tlfjap_mm -confg(6j)  sqrt(
-(Ib cmd v+2)/k!b); - conf g(5I)  //Top Right if( (Ib_ca)d v#3) <0 Use Back
Magnet  -(fb ctnd_v+3) _ -L - (-(fb cmd v+3) ); (fb_ctud_v+3) _ -L '
(trfbcal cacf(5j - trf_gap_ntnt - config(7I) } sqt( (I0_caid_v+3)/kIb);
else Use Front Magnet } (Ib_cntd_v+3) = I - (trf_gap mm - configZ$1) -
sgrt( -((b_cmd_v+3)/k b); bifb_magnct_cmd(ij = (int)v to_c  ((lb cmd v));
bss maanet_cntd(ii = (int)v_to_c ('(ss cmd_v));  brfb_magnct_cmd[i[ _
(iut)v_toc - (-((bcmdv+L));  tlIb maane[_cmd[i) _ (;,n)v to c (-(fb
emd_v+2));  tss_magnct cmd(ij .(int)v_toc.- ((" cmd_v+1)):
trfb_magnct_cmd(1j = (inI)v_tn c ((fbcmdv+3)): //Send C ci+irol Qulp,)t5 tv
l\l.1) n,a Driver; ,iiuII(lg )mIl(0.1)Itl)~1)ia)~uct,cnut(i~) 49
a+stlug_o+rt(I.l ;:; n+aynct~cn+dl+l}  ahalug_out(2,hrlb_i ngnet_cn+dliI);
UE1Iug_a+i~t3,tltb_ntabnet cmd(il);  91lIu5_out(~,1ss ntagnt: l_cmd(+I),
attalog_oul(5,Irib_ magnct_crnd[i]} //Send tltcsz signals to the D/A for
test purposes  11 anaIog_out(4,map I [ij); // timing !!WAIT FOR NEXT
TRIGGER do 



if ((Flag = das20(12,Parains)) !=O)  ( printf ("\nlt Mode 12: Error
monitoring conversions. Flag %d',  Flag); printf ("lnlt Conversion
%u',Params(21);  exit{-l); )while (Params(2I - NUtvt CHANStogole); 11 Wait
for trigger  if (toggle=l) togglc~;  base=NUM_CHANS; }  else toggle=L;
base-0; } i=1;  )wltile(lkbhit()); N STOP DMA OPERATION Y ((Flag =
das2O(11,Par3ms)) !=0)  ( printf ("\nlt Mode I I :Error stopping DMA.
Flag-=%d",Flag);  exit(- 1).. }  11 ZERO ALL ANALOG OUTPUTS  init ddaO6();
TC_frce(dmaactuaIscg); free (Chit))  free (ch h );  lice (cat2). -8DEC2003
50 frcc (LIr3):  rrcc (cIii);  rrcc (chs);  rrcc (chi')):  rrec.(ch7);  



frcc (chs);  frcc (clh9); ;  frcc (c1110) free (ch 11):  free (ch 12);
free (ch13); } return; r. *0 aaate0 .*a0 a*..^a.rr*....rr5.0
..aa4.r*6s..a.0 **** 0.F.....* a5* at.*.. GET CHANS_GAINS: GETS CHANNELS
AND GAIN DEFINITION- FOR SCAN QUEUE ewew ~war.r*r.r.*.war
r...fer.*ar..rrwrr.a....... a. r.....*..*s.s.a...... a. .r void
get_chans_gains(chans,gains)  int chans(]; int pains(];  ( int: i; for (i0;
i<NUM_CHANS; i++)  { chans[i]  gains[ij = 1; } } return; /' ...wa
.............*...........S..e.............. r.... sea**.. ... r..... a.^a.
READ_CONFIG_FILE:, READS CONFIGURATION DATA FROM DISK .
............................ a s...a. we ww rr a.r.a r..r.  void
rcad-coftfi,gjil(rnapl) float emapl; intj=20:  float Lcmp_dana I ;  char
in_Iinc[ I3];  FILE *dim, 



51 il (( d. c.~ = link n ("~:nft;Likl plat ...I")) -= ~NIJIj. 1 lrnntt
["lnlt I c.Nit (- l ): Rt)R !} Could not opcn d.11.1 fitC [_,rE C;LOE:)
.D,1'INn"). for (i=t); i =CONF)G_COf FS; +.+i) if (frets (in_linc. j. data)
= NU_L) printf ("Wt ERROR READING C`WGCOEF.DAT !!");  printf ("Wt Could not
read line %f 1n-j+ j); exit (-1); if(ssranf (in line,  &tcmp data l) != 1)
printf ("Inlt ERROR READING CNFGCOEF.DAT !!"):  printf ("\nlt Wrong format
for line /,d-1n",i+I); exit (-1); mapl[i1= tcmp_datil. fclosc(data).
return: }
........................................................................
READ_CAL_FILE: READS SENSOR CALIBRATION DATA FROM DISK
...............r.rrrrar.rrr....aa.r.r.............ra.rrrra rr........  .f
void read cal_fil(mapI.map2.map] float emapl map4,map5,map5,map7,map3)  ;
float map2;  float amap3;  float amap - float rrnap5;  float map6;  float
amap7;  float *maps; ( int j=150; POW temp,dala1;  



flo:il temp data2- float temp data];  11oat temp_dataa  11oa1 tcmp_ d:u.35;
52 If (( data = fopx:n ("c:llcucP &C.-r-)) == NULL printf ("\nlt ERROR'!
Could not open data file CALCOEF4.DAT\n");  exit (-I); } for (i=8;
i<CAL_COEFS; t+i) if (facts (in_linc, j, data) _= ti'ULL) printf ("ln\t
ERROR READING CALCOEF4.DAT  printf ("Inlt Could not read Iinc 0/,d .
\n".i+I); exit (-1); } if (sscanf (in_line, . */"c %c /a: %C- %c %c 0/"c
/ae  &tcmp_data 1. &tcmp_data2,  &tcmp data3,  &temp data4,  &tcmp data5.
&tcmp_data6,  &tcmp_data7,  &temp data3) != 8) printf ("lnlt ERROR READING
CALCOEF4.DAT !!"):  printf ("lnlt Wrong format for line %d. \n",i+l); exit
(-I): }  mapl[iI=temp data 1;  mapZ[i]= tcmp_data2;  map3[i]= temp_data3;
map4[i]= temp data4;  map5(i)= temp,data5;  map6[i]= temp data6;  m'ap7[i]=
temp data7;  map3[i]=,tcmp_data8; 



close(data);  return; } Is ...III r ................14 ..............x.4...
r.... r r. r.. r.... r. r.... A.... READ_SS_STATE_FILE: READS Side To Sidc
STATE COEFIC[ENTS FROM DISK  53 ./  l'oli] II(III;Il1I)  Rom'ii pl. i1 t i;
int j=40-,  in[ offset; float temp-data l ;  float temp data2,  char
in_linc[491,  FILE `6ta; if (( data = fopcn ("ssstatcf.da(',"r-)) = NULL )
printf ("VAL ERROR H Could not open data rile SSSTATCF.DAT\n");  exit (-1);
}  ofrset = SS_STATE_COEFS/2;  for (i0; i<offsct; ++i) if (fgets (in_linc,
j. data) = NULL) printf ("Wt ERROR READING SSSTATCF.DA.T !!");  printf
("\nlt Could not read line %d . In",i+l ); exit (-1); } if (sscanf
(in_line, " %e %c  &temp_data 1,  &tcmp_data2) != 2) { printf("\n\t ERROR
READING SSSTATCF.DAT !!");  printf ("lnlt ERROR H Wrong, format for line
%d_ \n",i+1);  exit (-1); 



}  snapl[i ) =temp_dataI;  map I (i+( ofsct) j = temp_data2, }
fclose(data);  return; / ...
......................................................s..i.........
READ_SS_PIDNI_FILE: READS Side To Side PIDM COEFICIEFNTS FROM DISK . . ..
... ............................. . ..............................  .. t .
void r,:ad_ss_l)id1II_lil(nulhl)  Ilu:H 'in;1hI; 54 I Lilt i; itit j=4U;
lilt ousel, float tcntp_data l ;  float temp data2;  char in_linc[49[;
FILE 'data; if (( data = (open ("sspidmcf.dat","r")) - MULL ) printf ("lnlt
ERROR !! Could not open data file SSPIDMCF.DAT1n");.  exit (-I); }  offset
= SS PIDM_COEFS/2;  for (i-0; i<olfset; ++i) if (frets (in line, j, data)
_= NULL) printf ("Wt ERROR READING SSPIDMCF.DAT U");  printf ("Wt Could not
read line %d . In",i+I); exit (-l); if (sscanf (in_linc, " 0/,,c %
&tcmp_data 1,  &tetnp_data2) != 2) ( printf ("Wt ERROR READING SSPIDMCF.DAT
!!");  



printf ('Wt ERROR H Wrong format for line %d. In",i+I);  exit (-I); }
mapl[i j = temp datal;  mapl [i+( 0ffset)] = temp_data2; fclosc(daLa);
return; } *.....Y1..^^..0.04.4 ....U ...................YYa...........
.......S.....S READ SS_LAGFILE: READS Side To Side LAG COEFICIEFNT'S FROM
DISK ..r ...................................... . ...... ....... a. . . -a
w . . . . Y . ..4. .1  void rcad_ss_la6_fi1(mapl)  float * snap l ;  55 int
J 4U;  int ofTsct; float tcntp d m I ;  float tc11+p_dta2;  char
in_linc(t9~;  FILE `dita; if (( data = fopen ("sslagcf dat","r")) = NULL )
{ printf (-\n-t ERROR!! Could not open da[a file SSLAGCF:DATIn");  exit
(-I); }  otTset = SS_LAG_COEFS/2;  for (i=-0; i<offsct; Vii) f if (fgets
(in_line, ~, data) = NULL)  ( printf ("In\t ERROR READING SSLAGCF.DAT !!");
printf ("lnlt Could not read line %d . In",i+l); exit (-I); if (sscanf
(in_line, " %c ,/cc -, 



&temp data 1,  &temp_data2) != 2) printf ("lnlt ERROR READING SSLAGCF.DAT
!!");  printf ("ln\t ERROR H Wrong format for line */ad. \n",i+1),  exit
(-I); }  mapl(i = temp datal;  map I (i+( offset)] = temp_data?;  }
fclose(data);  return; } !" r.rs.wrrrwrrr w..r.r.wr.r.w.a...........
w........ w... 0.....rr.w.rrwr.w..r REA.DSSPLAG_FILE: READS Side To Side
Position  LAG COEFICIEFNTS FROM Disk
..r............w.rr...wa.....................................  t/ .w...r.r.
void read _ss_plag_flI(map I ) float rmapI; int }=dt); -- 8 DEC 2003 56 inc
oli i 110.11 Icmp dat;i I,  Ilcat ICmp_data 2  Char in_Iincf,I')  FILE rdi
a: if (( data = Io1pn ("sspIagcfdat","r")) == NULL  { `printf ("lnlt
ERROR!! Could not open data tilt SSPLAGCF.DATIn");  exit (-I); }  offset -
SS_PLAG_COEFS/2:  



for (i=0; i<offsct; ++i) { if (fgcts (in iinc, j, data) = NULL)  { pnntf
("Inlt ERROR READING SSPLAGCF.DAT !!");  printf ("\nlt Could not read line
6/6d. \n-.i+ 1): exit (-1); } if (sscanf (in_1inc, " /a; %c -.  &tcmp_data
1,  &tci11p_data2) 1= 2) printf("InAt ERROR READING SSPLAGCF.DAT !!"):
printf ("lnlt ERROR!! Wrong format for linc*/,d. 1n',iI I)-.  exit (-I); }
}  map!{i ] = tcmp_datal;  mapl[i+( offset)] = tcmp_daL~2: fclose(data);
rcturn; } 006w0 ............rrw.rrr0 r.....0 ..............^.......r rw r.
rw.wwrrrrrww. REA.D_FB STATE_FILE: READS From to Back STATE COEFICIEFNTS
FROM DISK rrw.rrwrw.rwarrrrrr............ ......r
.....................^rrrwrwrrwwsw  wl void rcad_fb statc_fi[(mapI)  float
'map I ,r { int i; int j=g{);  in( o[T;;ct: fl()al temp data!; 57 110.11
IunlI1_d;1t12,  (1oa1 telnl)_dal:l}  float temp daIa4  



char in_linc(99I:- FILE *dam-, if(( data = fopen ("lbstatcf.dat-,"r-)) _=
NULL }  { printf ("\nlt ERROR !! Could not open data file FBSTATCF.DATTn-);
exit (-1); }  offset = FB_STATE_COEFS/4.  for (i O; i<offsct; ++i) { if
(fgets (in Iinc, j, data) NULL)  { printf ("Wt ERROR READING FBSTATCF.DAT
!l");  printf ('Wt Could not read line 0/6d. In",i+l ); exit (-1); if
(sscanf (in-line. " %c %,c %ue %e ',  &tcmp_data 1, &temp data2.
&tempdata3,  &tcmp data) != 4)  { printf (`ln\t ERROR READING FBSTATCF.DAT
!!");  printf ("\n\t ERROR !! Wrong format for line %d. ln-j,l);  exit
(-1); }  map 1 [i. ] = temp data l ;  map i [i+( offset)] = tcmp_data2;
map 1 [i+(2"offset)] = tempdata3;  mapl[i+(3"offset)] = temp data4;  }
fclose(data);  return; } /i ............44.a.rr..e.44..r...*.0re.0.rs#.r
r.r ...^.. READ_FB_PIDM_FILE. READS Front To Back PIDM COEFICIF.FNTS FROM
DISK 



.....0.....04 ........................00.04.0... 00..... 44.00 s w.... 4..
void read_fb_pidm_fil(map I)  float  map l , 58 lilt J=till.  lilt onset.
11oat lemp_dat:r I ;  float temp datn2  float Ihrrlp data3;  float icirtifl
dnta4;  char iro_IincI99J  PILE *data; if(( data = [open
("lbpidmc[dat","r")) = NULL )  I printf("lnlt ERROR!! Could not open data
rile FBPIDMCF.DATI );  exit (-1); } offset = FB_PIDM_COEFS/4;  for (ice;
i<offsct; ++i) { if (fscts (in_line, j, da(a) = NULL)  { printf(-lnlt ERROR
READING FBPIDMCF.DAT !!");  printf ("lnlt Could not read Iine %d .1n",t+l);
exit (-I); if (sscanf (in-line, - %.c %c % %c -.  &tcmp_data l ,
&tcmp_data2,  &tcmp_data3,  &tcmp_data4) != 4) printf ('1nk ERROR READING
FBPIDMCF.DAT !!");  printf ( In1t ERROR!! Wrong format for line %d.
In",i+I);  exit (-1); } trap 1(i J = temp-data I;  map' [i+( offset)J =
temp data2;  



mapl [i+(2`offset)] = tcmp_data3;  map1 [i+(3rofset)J = temp_data4;
fclose(data),  return: } .rr rrr ............... r... r..
r.rrr"rr.............s..............r rrr.rrr. READ_FB--LAG_FILE: READS
Front ToBack LAG COEFICIEFNTS FROM DISK ..........r........r
..............r.r........ r.. "... r.I r.. r..r r.... r.....  / vOW
n-rd_!b_lag_frI(njnpl) 59 IMM d,;apt { int is lit =30.  int offset; float
tcinp_drita I  float tcn1p_data2;  float tcmp_data3;  float tcmp_data4;
char in_linc(991;  FILE 'data; . if (( data = fopen (afblagcfda("r")) =
NULL )  ( printf ("lnlt ERROR !! Could not open data file FBLAGCE.DATln");
exit (-I); .}  offset = FB_LAG COEFSI4;  for (ice; i<offsct; 4-+i) { if U
Vs (in-line, j, data) NULL)  C printf (- knit ERROR READING FBLAGCF.DAT W);
);  printf ("loft Could not read line %d - 1n",i+i); exit (-l); 



if (sscaof (inine, " %e  &temp_data  &tcmp_data2,  &temp_data3,
&temp_data4) != 4) } {  printf ("\n\t ERROR READING FBLAGCF.DAT !!a);
printf (" lnlt ERROR !! Wrong format for line /ed. In",i+1);  exit (-l); }
mapl[i 1 = temp_datal;  mapl[i+( ofset)1 = temp_data2;  inapt
[i+(2`of3sct)1 = temp _4=3;  map1[i+(3'ofset)) = temp_data4; fclose(data);
return; } fa*aa. a r a. a Ses..  ..ai......."Ra a s*e.4......
...........aliraiaa a~e~~~^ DISK READ_FB_PLAG_FILE: READS Front To Back
Position LAG COEFICIEFNTS FROM 60
.........................................................................
floal,'mapI { ill( i; ill( j=30..  int otsct; float tcrnp datal;  float
temp data2;  float temp _4=3;  float tcntp_data4;  char in_linc(99j;  FILE
`data; if (( data = (open ("ibplagcf.dat","r")) = MULL ) printf ("ln\t
ERROR !! Could not open data file EBPLAGCF.DAT1n");  



exit (-I); }  offset = F6_PLAG COEFS/4;  for (ice; i<o(Tsct; ++i) if (fgcts
(in line, j. data) == NULL)  ( printf ("lnlt ERROR READfNG FBPLAGCF.DAT
!!");  printf ("lnit Could not read line %d - 1n",i+I); exit (-I); } if
(sscanf (in-line, " /,c Vc %c /,e ".  &temp data 1, &tem p_data2,  &temp
data3,  &tcmp_data4) != 4) printf ("Wt ERROR REAIMNG FBPLAGCF.DAT !!"j pri
ntf ("\nlt ERROR !! Wrong format for line /ad. In",i+1);  exit (-1); }
niapl[i j temp datai,  map l-(i+( offset)] = temp data2;
mapI(i+(2-offset)] = tcmp_data3;  map I (i+(3 ofTsct)] = temp_data4;  }
fclosc(data).  return; }  61
.........................................................................
ItEAD) GLAG_1'ILI7-: READS G.ip Fatter CO[ ICI NTS FROM [)[Si,
................................... ......................................
void rcad_glag_Ii1(m;tpl)  float 'mapl; { 



inr i; int j=$0;  int offset; float temp_data1;  float temp data2;  float
temp data3;  float temp_data4;  char in_line(991;  FILE 'data; if (( data =
fopen ("gla,cf.dat",'r")) =-- NULL)  { printf ("\n\t ERROR !! Could not
open data file GLAGCF.DA11n");  exit (- 1); offset = GLAG_COEFS/4;  for
(i-0-,'<offset; ++i) if (fgcts (in_line. j, tLl) ` NULL)  { printf ("Lilt
ERROR READING GLAGCF.DAT !!');  printf ("\nlt Could not read line %d .
Ln",i+l): exit (-I): if (sscanf (in line, - %e lx "/ac  &temp data I.
&temp_data2,  &tempdata3,  &temp_data4) t= 4) printf ('Lilt ERROR READING
GLAGCF_DAT !l");  .printf ("lilt ERROR!! Wrong format for line %ad.
\n',i+l);  exit (-I); }  mapl[i ] =tcmp_datal;  map I [ i+( Offset)) =
temp_data 2;  map l(i+(2'offsct)(= ctup_dataS;  map I(i+(3'oflsct)(
tcmp,dataa  } 62 I 



/. r r
.......................................................................
INIT_DA5211 luitialis'cs the A to D card for irttcrrrupt  and DMA level.
.rr...ar.a....r....a ....................r........................r......r
.I void init das20()  { Params(O) = DAS_ADDR; DAS-20 base address  Params[
1I = 5; // interrupt level  Params(21 = 1; // DMA level switch selectable
on board Fla .a = das20(G. Parartu); if (Flag != 0) Error if Flag not 0  {
printf("\nsMode 0: Error in DAS20 initialization. FLAGS/adlrt-, Flag),
exit(- 1); }  return; } I. ...............ra...............................
a..*..............a...... IN1T_DDAO6: lntitalizes all analog outputs to 0
volts. ......t....a...a.......r ...................................
Y............. void init_dda06()  { int i; for (ice; i<=5; i++) outporib
(DDA06 ADDR + 2ri, 0):  outportb (DDA06_ADDR + 2`i + 1, 8); outponb
(DDAO6_ADDRI + 2ri, 0);  outponb (DDA06_ADDRI + 2ri + 1, 8); }  return; )
/' 



.........................................................................
DEFINE-QUEUE: Dcliiics tlic A/D q,icirc for Tnbecrcd s.-tntplc, 63 It  void
rl~fillc_qucui(c]I:In.O:ui,.i"li,l eIl:nis)  int CI17n]] Illt gain]]; flit
chill c11;1r15: if (num_chans<2 ]] num_chans>2044) printf ("\n Error in
DEFINE QUEUE. Wrong number of channels");  exit(-I); } Pararns[0J =
chan[0];  Params[11 = gain[OJ; Params[2I = 2; /1 First Queue entry  Flab =
das20(l, Params); if.(Flag != 0) It Error if flag not 0  M printf("lnlv[ode
I: Error in setting First queue clement. F1ag=04d\n",  Flab): exit(-1):
while (i+I<nuin_ehans)  ( Params[0) =chan[i];  Params[IJ =gain[i];
Params[2) = 0; /1 Next Queue entn- Flag = das20(l. Params); if (Flag != 0)
// Error if flag not 0 printf("1nModc 1: Error in setting %d queue clement.
fIaf;--%dln',i,  Flag): exit(-1); } Pararns[0] chan[i  Pararr,s[1]
=gain[i]; Params[2] = I; // List Qucuc entry  Fin g = da52O( I. Pnranrs): 



if (Flab != 0) It Error if [lag nod 0 priruf("lnMc d 1: Error in setting
L:rst queue Clement. Flag&!  FInb}; 64 t,rI( -t). I. 1..................
................................... *..rrr...... SET BLOCK TIMER_FREQ: set
programmable timer for mode 27 scan
r.a...r.a..a.aC..*aa..........rar..r...C*rrra a.ra...ral.r.~r##*r 1.11a^***
void sct_block_timer_frcq(freq) int freq; Params[0( = 1000; 11 counter 1
Params(I I = 5000/freq; 11 counter 2  Flag = das20(25, Parana); if (Flag !=
0) Il Error if Flag not 0  { printf('1nMode 25: Error setting up block
timer. FLAG=%dlrt", Flag);  exit(-1); return;
raa.r*^.ra.r....a.....*.."......rt...r...r............ar...rrr****.St*.*a
ANALOG OUT: Sends analog commands to the electromagnet  amplifier from the
DDAO6 card. Rr..t.aa*as**tia..ar.a..............0..
r.6a66#1Ya..Y*######.f11..*.**a .1  void analog out(ch, data)  int ch;
intdata; { int zero offset = 2045; int tnax_analog cmd=4095;  inn
m.in_anaiog_cmd =0; int high byte;  int low-byte; data = data +
zero-offset; if (data>=max_analog cmd)  { 



data = max_analog_cmd;  if (data <= min_analog_crud) { date =
nrin_arr:tlog_cmd. high byte = daui/256, 65 Iuti+_1n.tc ; rl:u." - hi~;lr
bclc ' 256. oulpurtb (UDA11(, ADDR + 2 ' ch, low_bytc).  outportb
(DDA(16_ADDR + 2 . clt + I, higli_bytc), return; I.
!FlrF.rr!!//wlarF/rr//!//Ira/wwaar//a.lFF././/r itrrrf/ww Fa!!wlrtir!!!!r!!
ANALOG_OUTI: Sends analog outputs to BNCs for diagnostic purposes.
arr/rl..0.rrra/w/rrFF^/sr.rar//rFrlFal......!F!/!Fr!^!!!lwtwra rrlwa FlilF
void a nalog_out I (ch, data)  in( ch; int data;  { int zcro_offset = 2045;
int max-analog cmd=4095;  int min analog cmd; int high_byte;  int lowbvtc;
data = data + zero offset; if (data>=mae analog cmd)  { data =
max_analog_cmd;  } if (data <= min_analog_cmd)  { data = min-analog cmd;
high byte = data/256; low byte = data - high byte ' 256; outportb (DDA06
ADDRI + 2 ' ch, low_byte);  outportb (DDA06_ADDR1 + 2 ' ch + 1, high byte);
} 



return; Ir ..............rr/araS_......._..r..r................. r
rraFla//wwr MFw a.rar! SS-CONTROL: PID control for Sidc To Sidc axes.
F...r....a ...................................................... r ..
.....Fa 0/ void s;control(out,bss_g:tp_crr,tss_gap crr,  bss_acccl.tss
acccl,  st:ttc_cocfs,pidnt cocfs. 66 lab_cocf.rlag cods.  I) float 'U1It,
11oat bss_gali_crr,  float us_Sap_~rr;  float bss acccl;  float tss_acccl;
float stste_cocfs{  float pidm_cocfsf I.  float Iag_coefs[J;  float
piag_cods[];  int i; static double xlb xlt;  static double x 1 bo x l to;
static double x2b ,x2t;  static double x2bo ,x2to, // static double x3b
,x3t;  !1 static doublc x3bo ,x3to;  static double x3ab ,x3at;  static
double x3abo,x3ato;  static double x3bb ,x3bt;  static double x3bbo,x3bto;
static double x3cb ,x3ct;  static double x3cbo,x3cto;  static double x3db
x3dt;  static double x3dbo,x3dto;  



static double x4b ,x4t;  static double x4bo ,x4to,  static double x5b ,x3t;
static double x5bo ,x51o;  static double x6b x61;  static double xdbo
,x6to;  static double x7ab ,x7at;  static double x7abo,x7ato;  static
double x7bb,x7bt;  static double x7bbo,x7bto;  static double x7cb ,x7ct;
static double x7cbo,x7cto;  static double x7db ,x7dt;  static double
x7dbo,x7dto;  static double xSb ,x3t,  static double xSbo ,xSto-.  static
double x9b ,x9t;  static doublc x9bo ,x9to; static float bss_gap_crr_old;
static float tss_gap crr old;  static float bss_accc! old;  static float
tss_acccl_olJ; st:tuc 110:11 u_lwt_dcs o[.1;  static lluat u_tuh_dc,_old;
67 Iluat I1 be t_dcs;  (luat u_Wp_i1cs; static float bss_gap_crr_f;  Static
that tss_gap_crr_f 0) // Initialize States  t; xlb = 0.0:  x1t = 0.0;  x2b
= 0.0;  x2t = 0.0; 



IF x3b = 0.0;  ll x3t = 0.0;  x3ab = 0.0;  x3aL = 0.0;  x3bb -0.0-,  x3bt =
0.0;  x3cb -0,0-,  Oct = 0.0;  x3db = 0.0;  x3di = 0.0;  x4b = 0.0;  X4[ =
0.0;  x5b = 0.0;  x5t = 0.0;  x6b = 0.0;  x6t = 0.0;  x7ab = 0.0;  x7at =
0.0;  x7bb = 0.0;  x7bt = 0.0;  x7cb = 0.0;  x7ct = 0.0; x7db = 0.0; x7dt =
0.0;  xSb = 0.0;  At = 0.0;  x9b = 0.0;  x9t = 0.0;  bss_accel_old =
bss_accel; tss acccl ofd = tss_accel;  bss_gap_err_old = bss_gap_err,
tss_gap_err_ofd = tss_gap_crr,  u_b4t_des old = 0; u top des old = 0;
(ou[) = 0.0;  "(aut+l) =0.0;, 



return. c! ~C 68 xlb xlb:  xIto xlt.  x2bu = x2b.  x2to = x21. . IJ x3b =
x3b  JI x3to = x3t:  x3abo = x3ab:  x3ato = x3at;  x3bbo = x3bb;  ;x3bto =
x3bt;  x3cbo = x3cb;  x3cto = x3ct;  x3dbo = x3db;  x3dto = x3dt;  x4bo =
x4b;  x4to = x4t; x$bo = x5b;  xS to x5 t;  x6bo = x6b;  x6to = x6t;  x7abo
= x7ab;  x7ato = Oat;  x7bbo = x7bb;  x7bto = x7bt;  x7cbo = x7cb;  x7clo
-Oct,  x7dbo_ = x7db:  x7dto = x7dt;  x8bo = x3b;  xsto = xst;  x9bo = x9b:
x9to = x9t; // Integrate Position signal for high static stiffness 



xlb =state coefs(0] " xlbo +state coefs(II  bss_gap_err,  x 1 t =
state_coefs[20] ' x Ito + state coefs(21 ]  tss_gap_err,  II integrate
accelerometer signal for damping x2b = state_Coefs[2] - x2bo +
state_coefs(3]  bss_acceI;- x2t = stale_coefs(221 s z2to + state_coefs(23)
tss_accel; Add lags to integrated accelerometer signal x3ab =fag coefs(0]
x3abo + Iag_coefs(l ] " x3bbo +  lag coefs(2] ' x3cbo + lag-cocfs(31 -
x2bo;  x3bb = Iagcocfs(a) ' x3abo +iag_cocfs[5] - x3bbo + Iag_cocfs(G] -
x3cbo + lab cocfs(7] - x2bo;  x3d) = I:tg_cocfs(q  x]aiw + I:ig_cocfs(')]
x3bI o +  lab cucfs( 101 1 x3cbo + lag_cocf,( III x2bu. 69 x 1~1l, = I;
ly_Coels1 121 ' x3ab Iag Ctk:fsI It .t I* Obb {  taS_ca~fs(14  0C3 +.I;
~_cocfsl 151  x21,. x3at = las_ca fsl'u[ ' x3alo } la9 coc1 21 ]  %3bta +
I:9-cue s("]  x3cw + I;Ig coe s(23(' x2to. x3bt = Iag_cocfs1241  x3aio *
I3o_cocfs]25[  x3bto +  lag_Cocfs(261 ' x3cto + lig_caefs[27)  x2to; Oct. =
iag_coefs(28] * x3ato + lag cocfs(291  x3bto +  lag_cocfs[30] * x3cto +
Iag_coefs[311 ' x2to; x3dt = 1ag_cocfsj32] * x3at + Iag_coefs[33] * x3bt +
1ag_cocfs[34]  x3ct + lag_cocfs[35] '.x21; /1 High pass filter integrated
accelerometer to remove dc offset  x4b = state _coefs(4]  x4bo +
statd_coefs[51  x5bo +  state coefs(6] * x3dbo; x5b = state _cocfs[71 '
x4bo + statc_cocfs(8] ' x5be +  state_cocfs(9j * x3dbo; x6b =
state_coefs(101  x4b + state_cocfs[ 111  x5b +  state eoefs(12] ' x3db; x4t
= stzte_cocfs[241  x,to ; state cocfs(25] ' x5to +  state coefs(26]  x3dto:
x5t = StatC_Coefs(27j  x,' to + state cocfsf 23]  x5to - statecoefs(29]
x3dto: 



x6t = state_coefs(30] * x4t + state coefs[3 I] - x5t +  state coefs[321
x3dt; 11 Add lags to position signal x7ab = plag_cocfs[0]  x7abo + plag
coefs(l ]  x 7bbo + plag cocfs(2) * x7cbo + plag_cocfs[3] bss gap_err_old;
x7bb - plag_coefs(4] * x7abo + plag_coefs(5] * x7bbo +  plag_coefs(6]
x7cbo +' plag_coefs(71 * bss_gaperr old; x7cb = plag_coefs(81 * x7abo +
plagcocfs(9]  x7660 +  plag_coefs[ 10l * x7cbO +.plag cocfs(1 I ] ' bss gap
err_old; x7db = plag cocfs(121 ' x7ab + plag_cocfs(13 ] * x7bb +  pl3g
cocfs(I41  x7cb + plag_cocfs(I5]  bss_gap_err; x7ai = pIag cocf;(20] '
x7ato + plag_cocfs(2 11 ' x7bto +  p1a9_cocf;[221 ' S7CIO + p1ag_cocfs(23I
tss_gap crr,ol~i; x7bl = pla6 crk:1's(3d]  x7ato + p1;ig_coc:f;(251  %7b(t)
+  pl:Igca,xf.-:] 2(iI * x7Cto + p1ag_CoCfs(271 Iss_gap_err_old, 70 Oct =
hl:~g_coel's['_X] x7alo * i>1 g_cocI t27] x7bio 4- PIag,cocfs(30]  s70I1 a
plst;-t~kfs[11 [  tss_g:tp_err old. x7dt = I1I;tb coefs(32] * x7;it - 17I;
ig_eocfs[33]  x7bt r  plagcoefs(34( x7ct + pl:1gcoefs(35]  tss_cop crr;
bss_gap crr_f = x7db;  tss, ,ap_err_f = x7dt; /1 Compute Output II Bottom
Side To Side Actuator 11 Integrated position for static offset loads  //
plus integrated accelerometer for damping u bot des = pidm_coefs(0] ' x l
b+ pidm coefs[ l J' x i t+  pidm_cocfs(21  x6b + pidm_cocfs[3]  x6t + It
Proportional gain on position for spring rate pidm cocfs[4J ' bss_gap_err_f
+  pidm cocfs(5] ' tss_gap_err f u_bot des = u_bot_dcs ' pidm_coefs(6];
//Top Side To Side Actuator 11 Integrated position for static offset loads
1/ plus integrated accelerometer for damping u_top_des=pidm cocfs(101'xlb
+pidm coefs(III'xlt+  



pidm_cocfs(121 x6b + pidm_coefs(l3 ] ' x6t + /1 Proportional gain on
position for spring rate  pidm_coefs[141 ` bss gap err_f +  pidm._coefs[t5]
tss gap_err_f; u_top des = u_top_des pidm cocfs(16]; '(out) = u bot des;
'(out+l) = u_top_des; bss_accel_old = bss accei;  tss_accel_old =
tss_accel;  bss_gap_err_old = bss_gap_err;  tss_gap_crr_old = tss_gap_err,
u_bot des_old = u_bot des;  u_top_des old = u_top_dcs return; } 71 .....
........ . ......... ................................................. .
FU_CONTROU- PID control for Froiit To flack axes.
..........................................................................
1  void lb_control(ouI.blfb_gap crr,brfbgap_err, float our, float
blfb_gap_crr;  float brfb_gap crr,  float tlfb_gap_crr,  float
trfb_gap_crr,  float blab accel;  float brfb_acccl;  float tlfb_accd;
float trfb aced;  float state coefs(];  float pidm coefs[J;  float
lag_cocfs(J;  float plag_cocfs();  int i; { 



ti Ib_gap crr,trfb_eap_err,  bl Ib_acccf,brfb_acccl,  tIfb_accel,tr(bacct!,
statc_cocfs,pidm_coefs,Iag_cocls,plag cocfs,i) static double \Ibl xlbr
.xltl xitr ;  static double x lblo x l bro ,x 1tlo ,..i lro  static double
x2bl x2br x2tl x2tr  static double x2blo x2bro,`tlo ,x?tro ; 11 static
double x3bl x3br .x3t1 " 3tr 11 static double x3blo ,e3bro ,x3tlo .x3tro ;
static double x3bla x3bra ,.3tla x3tra ;  static double
x3blao,x3brao,x3tlao,vtrao;  static double x3blb x3brb,x3tlb ,x3trb ;
static double x3blbo,\3brbo.x3tlbo,x3trbo;  static double x3blc .x3brc
x3tlc,x3trc ;  static double x3blco,x3brco,x3tlco,x3trco;  static double
x3bld x3brd,x3tld ,x3trd ;  static double x3bldo.x3brdo,x3tldo,x3trdo;
static double x4bi x4br x4d ,x4tr;  static double x4blo x4bro x4 do ,x4tro;
static double x5bl x5br x5tl ,x5u static double x5blo x5bro x5tlo ,x5tro;
static double x6bl x6br x6LI ,x6ts;  static double x6blo x6l5ro ,x6tlo
,xGtro;  static double x7bl x7br x7tl .x71r;  static double x7blo
x7bro.x7tlo ,x7tro;  static double xSbl xSbr. ,xStl ,<Sir;.  static double
xSb!o x3bro sStio ,xStro,  static double x9bl x9br 00 ,x9tr.  static double
x`)blo ,x bro AAtlo ,Atro-.  static float blfb_6ap_crr_old. 72 S1;11 it
110; L 1 1n Ili_I;:yt crr_ot4l;  slatii Ilo:tt lltb_b:lp crr_old;  S1:uiC
Iltt:u irlb_g:tl~_cr.r_oid  static float bttb acccl_old;  



static float brib_acccl_old,,  static toat tllb acccl_old;  StatiC Iloat
trlb_acccl old, Static float u bl_des old;  Static float u_br des old;
Static float u_UI_des_old;  static float u_tr_des_old;  float u_bl des;
float u_br_des;  float u_tl_des;  float u_tr_des; float blfb_gap crrf;
float brib_gap err_f;  float tifb_gap_err_f;  float trfb_gap_crr_f; if (i =
0) 11 Initialize States  { xIbi =0.0;  xlbr = 0.0;  xltl = 0.0;  x 1Yr =
0.0;  x2bl = 0.0;  x2br = 0.0;  x211 = 0.0;  x2tr = 0.0; x3bl = 0.0;  11
x3br = 0.0;  x3tl = 0.0;  x3tr = 0.0; x3bta = 0.0;  x3blb = 0.0:  x3blc =
0.0;  x3bld = 0.0;  x3bra = 0.0;  x3brb = 0.0;  x3brc = 0.0;  



.,3brd = 0.0;  x31la = 0.0;  x3tlb = 0.0;  xitlc ='0.0;  x3tld = 0.0;
x3tra = 0.0;  x3trb = 0.0;  \3trC = 0.0;  x31rd = 0.0.- x ibi = 0.11; 73
x.I In= 11.+1; x.til= 11.11 x4lr= 11.11; x5bl= 0.0; x5br= O.0; x511= 0,0;
x5tr-0,0-. x6bl= 0.0; x6br= 0.0; xGtl .= 0.9; x6tr= 0.0; x7bl= 0.0; x7br=
0.0; x711= 0.0; x7tr= 0.0; xSbI= 0.0; x3br= 0.0; X811= 0.0; x3tr= 0.0;
l:9bl= 0.0; x9br= 0.0; x9tl= 0.0; x9Lr= 0.0; blab acccl_old= bitb accel;
brib accel_old = brit acct!;  



tlib_accel_old = tllb_accel;  trfb_accel_old = trfb_accel;  blfb_gap_erroid
= blib_gap err,  brit gap err old = brfb_gap err,  tltb ap crr old =
tlfbgap_err  trtb_gap err_old = trtb_gap_err  u bf_dcs_old - 0.0; u_bc
desold= 0.0;  u_t! des_old = 0.0;  u tr des_old = 0.0;  "(out) = 0.0;
*(out+l) = 0.0;  '(out+2) = 0.0;  '(out+3) = 0.0; return; }  else  { xlblo
xibl;  xlbro xlbr,  xlll0 x111;  xltro xItr;  x2blo = x2bl;  x2bro = x2br,
x2tlo _ v2t1  x2tro = x2tr; ll x3hlct = x3bt.  x3hl:w = x3bla; 74 x3bIL'a =
x3lillf; 1x3blco = ..3blc; x.3bWo = N3bid: x3bro = x3br; x3brio = x3bra;
x3brbo = x3brb; !x3brco = x3brc; 



x3brdo = x3brd; x3tlo = x311; x3tlao = x301; x3tlbo = x3tlb; x3tko = x3tlc;
11. 31ldo = x3t1d; x3tro=x3tr x3trao = x3tra; x3trbo =x3trb; x3trco = x1rc;
x3 trdo = x3 trd; x4blo = x4bl; x4bro = x4br x4ilo = x4tt; x4[ro = xAr,
x5blo = x5bl; x5bro = x5br x5tlo= x511; x5tro = x5tr, x6blo= x6b1; x6bro =
x6br, Ado= x6t1; x6tro 



= x6tr, xiblo= x7b1; x7bro - x7br; x7tlo= x711; x7tro = x7tr x3blo = xSbl;
x3bro = x3br, xStlo = xstl; xstro = xstr, x9blo - x9bl! x9bro = x9br x9tla=
x9t1; x9tro= x9tr, 1/ Integrate Position signal for high static stiffness x
lbl = slate coefs(OJ * xlblo + state coefs(I) - bUb_gap err,  x 1br =
state_coefs(201  x lbro + state cocfs[21 J  brfb_gap_err;  x 1 t1 =
statc_cocfs(40 J  x I do + state coefs(411  tlfbgap_err; x I tr = stoic
coefs(6O J  x I tro + state coefs(61 J ' irfb Jgap~err;  II Intcgrntc
accelerometer signal for damping x21,1 = state codfs[2J  x2blo +
state_cocN131  blab acccl;  x-21) = stale cocf;122j  x2bro + state
cocfsl231 ' brfb_acccl. 75 x_'II =Stab Cc d ld?] . 2lIo + stale c~xG;J t3('
II l)_IGCCI,  x2if = SCIIC Crlcls[4?[ x2tro + state-CCx:fs(O3] 1rtb :aced;
II Add I:1gs to inlcgr:ucd accclcroniclcr signal x3bla = 1:1g cocfs(01
x3blao + Iag_coefs( 11  x3blbo +  I.ig_cocfs[21 x3blco + lag_c-cfs(3]
x2blo;  .x3blb = Iag cocfs[41 ' x3blao + lag cocfs[5]  x3blbo + 



lag_cocfs[G]  x3blco + lag_cocfs(71 * x2blo; x3blc = lag coefs(3] * x,3blao
+ lag_coefs(9] * x3blbo +  lag coefs(I0]  x3blco + Iao coefs[l I ] * x2blo;
x3bld = lag cocfs[ 12] ' x3bla + lag_coefs(13] * x3bib +  lag_cocfs(14]
x3blc + lag_coefs[151 * x2bl; x3bra = lag_coefs[20] * x3brao + lag
coefs[211 * x3brbo +  lag_coefs(22]  x3brco + lag_coefs(23] ' x2bro; x3brb
= lag_cocfs(24 * x3brao + 1ag_cocfs[251 * x3brbo +  lag cocfs(261 x3brco +
lag_coefs(271 ' x2bro;  x3brc = lag coefs[23] x3brao + lag_cocfs(29] *
x3brbo + Iag_cocfs(301 x3brco + lag_cocfs[31 * x2bro;  x3brd = lag
coefs[32] x3bra + lag coefs(331 - x3brb +  lag_tocfs(34] x3brc +
lag_cocfs(35] ' x2br-, x3da = lag cocfs(401 * X3 L120 + lag coefs(411 *
.r.3tlbo +  lag coefs[421  x 3dca + lagcoefs[43] * x2tlo; x3 tlb =
lag_coefs[44] * x3tlao + lag_coefs(45] * x3 tibo +  Iag_coefs[46] * x3tlco
+ lag_coefs[47] ' x2tlo; x3 do = lag coefs[43] * x3tlao + lag_coefs[49] '
x3tlbo +  lag_coefs(50] * x30co + lag_cocfs[51] * x2tlo;  x3tld =
lag_coefs[52J ' x3tla + lag_coefs[531' x3tlb + lag coefs(54] * x3tlc +
lag_coefs[55] ' x2tl; x3tra _.= lag_cocfs[6o  x3trao + lagcoefs(611 *
x3trbo +  lag_cocfs(62[  x3Lrco + Iag_coefs[63] ' xitro; x3trb =
Iag_cocfs[64]  x3trao + lag cocfs(65] * x3lrbo +  lag coefs(66] x3trco +
lag_cocfs[67]  x2tro;  x3trc = lag.cocfs(G3]  xJtrao + lag cocf[69]  x31rbo
+ Iag_cocfs(7O  x31rco + lag_cocf (7t 1 ' x2tro; x3trd = lag_co_f[72(
x31ra + lag_cocf [73J - x3trb + 76  Iag_Lmcl};17.1J  .. . 'trL: + I;'. eL
l':17:] ' x2tr. /flligh }pass filter integrated acccicrontctcr to rcnwvc dc
offset  x4bl = statc_cocfsJ41  xabio 4- state_cocfs{5j  x5blo +  state
coels[6]  x3bldo; x5bl = stxtc_cocfs[7]  x4blo + state cocfs[3]  x5blo +
st3te_cocfs[9]  xjbldo; x6bl = state coefs[ 10]  x4bl + state cods[ 11j '
x5bl +  



statc_cocfs[I2]  x3bld; x4br = state_coefs[24J  x4bro + smic coefs[25]
x5bro +  state cocfs[26]  x3brdo; x5br = state coefs(27J 'x4bro + state
coefs(23]  x5bro +  state coefS(29j  x3brdo; x6br - Stateeoefs[30]  x4br +
state coefs[3I ] ' x5br +  state_cocfs[32]  x3brd; x4tI = state_cocfs(44] =
x4tlo + state_coefs{45]  x5t1o +  state-cods[46] ` x3tldo; x511 =
Statc_cocfs(471  x4tlo + start cocfs[43]  x5tlo +  state coefs(49]  x3tldo;
x6t1 = statc_coefs[5o] - x411 +state_cocfs[5I]  x5tl +  st3tc_cocfS(52) `
x3tld; x=v = state_coefs(64] * x4tro + state_cocfs[65]  x5tro +
statc_cocfs[66]  x3trdo;' x5tr = state coefs[67]  x4tro + state_coefs(68] -
x5tro +  statc_coefs(69J ' x3trdo; ,x6tr = state_coefs(701  x4tr +state
coefs[71J  \5(r +  state eocfs[72]  x3trd; x7bl = piag_coefs(0]  x7blo +
plag_coefs[ 1 j ' x3blo +  plag_cocfs[2]  blfb~gap_err_old; xSbl =
plag_cocfs(3 ] * x7blo + plag_cocfs(4 J  x3blo +  plag_coefs[5J
b11b_g3p_err_old; x9bl = piab_codfs(6]  x7bl + plag_cocfs(7J  xSbl +
pIag_cocfs(.Y]  blfb_gap_err. x7br = plal;_cocf:;[ 101  x7bro + plagcocfs(
I l ]  x$bro +  pI:19_cocfs(121  brib_gap_err_old; 77 stit)r - 1 Ig_cocis]
131  x7bw i I)I:% CoC1 l 14 (- xtil)ro +  PI-1g-cu. ill 151
brtb_g:ilp_crr-ald_ x'!t)r = plal,_cocls(161  x7br - pl:~g_Ca~Ci1 171  x5hr
pi:tb_000Cs(I brfb_1;:tpcrr; 4. x7tl = p13g_cocfs(2O] " x700 + pIas
coefs(21 ] ' Ado +  plag_eocfs(221  tlfbg _,,sp_err_old; 



X811 plag_coefs(231 x7tlo + plag_coefs(241 " xStlo +  pl3g_cocfs(25]
tlfb_g p_err_old; X90 = p13gcocfs(26] x711 + plag_cocfs(271  xStl +
p[3g_eocfs(231  tlIb_gap_err; x7tr = pl3g_coefs[30j  x7tro + plag_coefs[3
I] ' xStro +  plag cocfs(32j trfb jag err old; x3tr = plag coefs[33 j
x7tro _ plag_cocfs(341  xStro +  pl3g_coefs(35] trfb_g3p_crr old; x9tr =
plan cocfs[361 x7tr - pla; cocfs(37] x3tr +  plag_cocfs[33] trfb_gap err;
bllb_gap_err f = x9b[;  brfb_gap_err f = x9br,  tLfb_g3p err_f= x911;
trfb_gap err_f = x9tr; Compute output BOTTOM LEFT FRONT TO BACK ACTUATOR
!! Integrated Position for Static offset Loads plus I! Integrated
accelerometer for damping u_bi_des = pidm cocfs(0] ' xlbl + pidm cocfs(1] '
xlbr  pidm_coefs(2] x111 +pidm coefs(3J ' xltr + Il Lagged accelerometer
for roll off pidm_coefs(4] x6bl + pidm_coefs(5] x6br +  pidmcacfs[6]  x611
+ pidm coefs[7]  x6tr +  ll Proportional gain on position for spring rate
pidm cocfs[gl  blIb_gap err_f +  pidnt_coefs(9J  brtb_g:sp_err_f+-
pidm_cocfS(101  Ilfb_gap_crr f +  pidnl_cocfs( I I ]  Irib_gap crr_l`,
u_bl_dcs = pidm_cocfs(121 ' u_bi_dLS , + - B BEG 2003 78 /1 13()" T )RI
Rltal iT 1=RON'F TO OACK ACTUATOR  11 Intcbratcd Puiit,on for Static Offset
Loads plus !/ Integr;ucd accelerometer for damping 



u_br des = piduI_cocfs[2UJ  .x I bt + pidm cocfs(21 ] ' x I br +  pidu
1_cocfs(22J  xltl + pidm_cocfs[23[ Nlir + l/ L.iggcd accelerometer for roll
off pidm cocfs(24J - x6bl +pidm cocfs[251  x6br +  pidm cocfs(261  x611 +
pidm_coefs[271  x6tr +  II Proportional gain on position for spring ratc
pidm cocfs[231  blfb_gap err f+  pidmcocfs[291  brfb__gap_err_f+  pidm
coefs(30] tllb_gap_err f+  pidm_cocfs[311 = trfb_gap_err f; ubr_des =
pidmcoefs[321 * u_br_des ; 11 TOP LEFT FRONT TO BACK ACTUATOR  Integrated
Position for Static Offset Loads plus  11 Integrated accelerometer for
damping tl_des = pidm cocfs[40] ' xlbl + pidm coefs[4I1  xlbr +
pidrn_c0cfs(42]  xl11 +.pidm coefs[431 6 xltr + 11 Lagged accelerometer for
roll off pidm coefs[s4] ' x6bl + pidm_coefs(45] x6br +  pidtn_cocls(46j '
x6tl + pidm cocfs(471  x6tr +  11 Proportional gain on position for spring
rate pidmcoefs(48] ' blfb03p err f+  pidm coefs(491 ' brfb_gap_err f+
pidm_coefs(501 ' UUfbcap err_f +  pidm_coefs(5I] ' trfb_gap crr_f; u_tl_des
= pidm_cocfs[521 ' u_tl_dcs; 11 TOP RIGHT FRONT TO BACK ACTUATOR  11
Integrated Position for Static Offset Loads plus  Integrated accelerometer
for damping u_tr des = pidm cocfs[60] - x I bl + pidm coefs[611  x 1br
pidm,cocfs[621  x I tl + pidm coefs(631 x l tr + 11 Lagged accelerometer
for roll off pidm_coefs(641  x6bi + pidm coefs[65]  x6br +  pidrn_cocfs[66j
' x6d + pidm_cocfs(67J  x6tr + /1 Propurtionsl gain on position for spring
rate  picfnt coCfs(~i~~ bllb_gap_crr f +  pidm ca f (6')J ' hrlb_gap err' f
+  



pi4fin_cocr:470I  IIlb-_gap_crr_f + 79 pidrtt cocfs(7I1 . trtb_gap_crr_f:
u_tr dcs = pidm_cocfsj72J  u_tr_dcs; %Qut) = kibl dcs;  '(outi1} =
u_br_dcs;  `(out+?) = u tl dcs:  0 (out+3) = u tr dcs; } bllb_acceI_old =
blab accel;  brib_accct_old = brit accel;  1fb_acceI_old - tlib accel;
trfb_acccl_old = trfb_acccl;  brfb_g. ap_err old = brib_gap err,
blib_gap_err_old = blib_gap err,  trfb_gap_err old = trfb_gap_err,
tlfb_gap err_old = tllb_gap_err;  u_bl_des_old = u_bl des; u_br des_old =
u_br des;  u_t!_des_old = u_tl des;  u tr_des old = u tr dcs; } return; /
aw*w*as.ss#....--s..-..d..*.^-..a...-.a^a.^..sews ..***ssiw*s**ss*ww*w*ssa
SS GAP FILTER: THIRD ORDER POSITION FILTER FOR CURRENT CONTROL
wi........aa#..wwiw a#Iii saaaa*ii waaaww*iw###iwwwiw isaa.ssasai*a *aai
alli w* sI void ss_gap_filter(out,bl_gap mm,br_gap_rrtm,  tl_gap_mm,
tr_gap_mtrt,  lag coefs,i) float *out, float bl_gap_mm;  float br_gap_mm;
float d_gap_mm;  float tr_gap_mm;  



float Iag_coefsf;  int i; { static double xbla xbra xtla,xtra ;  static
double xbiao,xbraa,xtlao,xtrao;  static double xblb xbrb xtlb,xtrb ;
static double xblbo,xbrbo,xtlbo,xubo;  static double xblc xbrc,xtlc xtrc ;
static double xblco,xbrco,xtlco.xtrco;  static double xbid xbrd xtld ,xtrd
static: doubic xbldo,xbrdo,xtldo,xtrdo;  static float bl_gap_mm old; sL3tic
float br_gap_mm old; 80 sl:ltic Iloat tl6apiniti old  static I10a1
Ir_gap_ijtint_old; if (i == 0) 1/ Ictitializc States  { Ala = 0.0;  xblb =
0.0;  xblc = 0.0;  xbld = 0.0; xbra = 0.0;  xbrb = 0.0;  xbrc = 0.0;  xbrd
= 0.0; xtla = 0.0;  xtlb = 0.0;  xtlc = 0.0;  xtld = 0.0; xtra = 0.0;  xtrb
= 0.0;  xtrc = 0.0;  xtrd = 0.0; bl_gap mm old = bl jap_rttm;
brgoap_mm_o1d = br, gap_mm;  



tl,gap_mm old = tI_Zap_mm;  tr-gap_mm old = trgap_mm; '(out) =bljap mm;
*(out+1) = br~gap_mm;  '(out+2) = tl_gap m.m;  '(out+3) = tr gap_mm;
return; }  else  { xblao = xbla;  xblbo = xb1b;  xbrco = xblc;  xbrdo =
xbld; xbrao = xbra;  xbrbo = xbrb;  xbrco = xbrc;  xbrdo = xbrd; -xIlao =
xtla;  xllbo = xtlb;  xllcq = xilc;  xtldo = xtld; 81 xtrao = xi m',  xIrbo
= slrb;  xbrco = xlrc;  xtrdo = xtrd; xbla = lab_cocfs[OJ ' xblao +
lagcocfs( I J  xblbo +  Iag_cocfs(2J * xblbo + lag cocfs[3] * bl_gap_nim
old; .,bib = Iag_coefs(4] * xblao + lag_eocfs[5]  xblbo +  Iag_cocfs[6] '
xblco + lag_coefs[7] ' bl_gap_mm old; xblc - lagcoefs[3] xblao +
lag_coefs(9] xblbo + lag cotfs(10] xblco + lag_coefs(I11 blgap_mm old; xbld
= Iag coefs(I2j * xbla + Iag coefs[13] * xblb +  I3g_cocfs[14] * xblc +
lag_coefs[15J * bl jap_mm; xbra = lag coefs(20] ' xbrao + Iag_coefs[211 *
xbrbo +  



lag_coefs(22J * xbrco + lag_cocfs(23] ' br gap_mm,old; xbrt = lag_coefs(24]
* xbrao + lagcoefs[25].- xbrbo + lag cocfs[26] ' xbrco + lag_cocfs(27] *
br_gap mm old;  xbrc = lagcocfs(23] * xbrao + la; cocfs(29J  xbrbo + lap
cocfs(301 * xbrco + lag_cocfs(3 I] * br_gap_mm old;  xbrd = lag coefs[32]
xbra + lag_coefs(33] * xbrb +  lag_coefs(34] * xbrc + lag coefs[35] '
br_gap_mm; xtla = lag_coefs[40] ' xtlao + lagcoefs(41] * xdbo +
Iag_coefs[42] * xtlco + lag_coefs[43] * U_gap_mm_old; xtlb = lagcoefs[44] *
xtlao + lag_coefs[45] xt1bo + - lag_caefs(46] * xtlco + lag_coefs(47] '
U_Sap_mm_old;  xtlc = lag coefs(43J * xUao + lag_coefs(49] * xtlbo +
lag_coefs(50] ' xUco + 1ag_coefs(51] * U_gap_mm_old.  xtld = Iag_coefs[52J
* xtla + lag_cocfs(53] " xtib +  lag_coefs(54] ' xtlc + lag_coefs[55] *
U_,gap mm; xtra = lag_cocfs(GOJ " xtrao + lag cocfs[611 * xtrbo-+
lag_cocfs[62] . xtrco+ lag_coefs[53J  tr_gap_mm_old; xtrb = lag,cocfs(64]
xtrao + la9_cocfs(65J * xlrbo +  I:Ig_cocfs(G(J * xbrco + 1:jg_cocfs(o7] -
tr_sip_mni_old-. 82 xtrc = I:i~; ca.lsj~, tj  xtr:w } I; ' Cocfsjt')j '
xtrbo  Iag_cocfsj70j  XtrCO * I:1l;_cocfsj7l j . tr_gap_nnrn,old, xtrd =
lag_cocfsj721 . xtra + lag cocfs[7)j ' xtrb +  Iag_cocfsj74j  xtrc +
I:rg_cocfsj75j ' tr_gip_mnt; '(out) = xbld;  '(out+l) = xbrd;  ;'(out+2) =
xtld;  4(out+3) = xtrd; } br_gap_mm_old = br_gap mm;  bl_gap_mm old =
bl_gap_mm;  tr_gap_mm old = tr_gap_rnm;  tl_gap_mm old = tl_gap mm; return;
} Is 



*sr.s....*.. r r. wr.. t*rw.*.w.r#... fl ...... S....*..ww*.*.r.**.r
wwr**w*. FB GAP FILTER: THIRD ORDER POSITION FILTER FOR CURRENT(' CONTROL
.r..wrt.**..t...wt.*#.r.*rwrr.rwrF*ww...sne-S***.*#w.******trw. wr*.***
void tb_gap_filter(out,bI gap_mm,br_op_mm, float "out; float bl_gap_mm;
float br_gap_mm;  float tl_gap mm;  float tr_g3p mm;  float lag coefs[j;
int i; t U_gap_mm,tr_gap mm,  IaA eoefs,i) static double xbla,xbra ,xtla
,xtra ;  static double xblao,xbrao,xtlao,xtrao;  static double xblb ,xbrb
xtlb xtrb ;  static double xbIbo,xbrbo,xtlbo,xtrbo;  static double xblc
,xbrc ,xt1c,xtrc ;  static double xblco,xbrco,xtlco,xtrco;  static double
xbld xbrd xtld ,xtrd ;  static douIc xbldo.xbrdo,xtldo,xtrdo-,  static
float bl_gap_mm old; static float br_gap_mrn old;  static float
11_gap_mmold-.  static float tr_gap_mm_old; 83 it (i II) !! I'iitialii.e
Si:ucs xbla = o 0,  xblb =+1 c),  xblk = 0.0.  Aid = 0.0, xbra = 0.0;
.ibrb = 0.0;  xbrc = 0.0;  xbrd = 0.0; 



xtla = 0.0;  xtlb = 0.0;  xtlc = 0.0;  xtld = 0.0; xtra = 0.0;  xtrb = 0.0;
xtrc = 0.0;  xtrd = 0.0; bl_gap_mm_old = bl gap_mm;  br_gap_mnt_old =
br_gap_mm;  t1_gap_mm Old= EI_gap_mm;  tr_gap_mm_old = tr_gap_mm;  `(out+4)
= bl_gap_mm; *(out+5) = br_gap mm;  '(out+5) = tl_gap_mm;  '(out+7) =
tr_gap_mm; return; }  else xblao = xbla;  xblbo = xblb;  xblco = xblc;
xbldo = xbld; xbrao = xbra;  xbrbo = xbrb;  xbrco = xbrc;  xbrdo = xbrd;
xtlao = xtla;  xtlbo = xtlb;  xtlco = xtlc;  xtldo = xcld: %Irao = xtra;
xtrixf = xtrh:  xtrco = xcrc. 84 xlr~7~~ xlnl 



xbla = 1ag_ca is[I)~  xbl:1a + Iagcocfs{1 ]  xbltw +  l:tb_cocls(?  zblco +
139cocfs[3] ' bl g1p_mm_old. xblb Iag_cocfs[4]  xblao + lag_cocfs(51  xblbo
+ laa cocfs(6j  xbrco + lag cocfs[71 * bi_8ap_mmold;  xblc = lag_coefs(8] '
xblao + Iag_cocfs(91  xblbo + lag cocfs[ 101 * xblco + lag_coefs[ I l ] *
bl_gap_mm old;  xbld = lag_cocfs[ 12] * xbla + lag coefs[ 131 ' xblb +
lag_cocfs(14] * xblc +lag_coefs[I5j * bl_gap_mm; xbra = lag coefs[20] *
xbrao + lag_coefs(211 ' xbrbo +  lagcocfs(22]  xbrco + lag coefs[231 *
br_gap mm old; xbrb = lag coefs(24]  xbrao + lag coefs[25] ' xbrbo +
lag_cocfs(26] * xbrco + lag_cocfs(27] * br_gap_mm_old;  xbrc =
lag_cocfs(28] * xbrao + Iag_cocfs(29] ' xbrbo + lag cocfs(30] ' xbrco
lag_cocfs(3 l) ' br_gap_mmold; xbrd = lag coefs[32] * xbra + Iag_cocfs(33]
xbrb +  lab_cocfs[34] ' xbrc + 1ag_cocfs[35] * br_gap_mm; xtla =
lag_cocfs[40]  xtlao + lae coefs(41] * xdbo + Iag coefs(421 * xtlco +
lag_eoefs[431 * d_gap_mm old; xtlb - Iag coefs(441 * xtlao + lag_coefs(45)
* xtlbo + lag cocfs(46] * xtlco + lag_coefs[47] * tl_gap_mm old; xtlc =
lag_cocfs(43j * xtlao + lao coefs(49] * xtlbo +  lag_coefs(50j  xtlco +
13gcoefs(511  Ll_gaP mm old; xtld = lag_coefs[52] * xtla + Iag_cocfs[53] *
;alb + lag cocfs(54] " xtlc + lag_coefs[55] * tl_gap_mm; xtra, =
lag_cocfs{60]  xtrao + lag_coefs[6I ]  xtrbo + Iag coefs[62J * xtrco +
1ag_coefs[63] * tr_gap_mm_old; xtrb =lag cods{G4] * xtrao +Iag cocfs[GS] *
xtrba +  lag_cocfs(Gf] ` xbrco + lag cocfs(67]  tr_gap_mm_old; xtrc =
lag_cocfs(6. - xtrao + lag_cocfs(69]  xtrbo +  Isb_cocf5[74] ` xbrco +
l3g_cocfs(7I ] - tr-9-Ip mm old. xtrd = lagcocf 172( - slra + 1.
g_cocfsl731 ' xtrb + 85 ;it;_CO[,I74I  xtrC  I.1l;_cocr;I75E '
Ir_ba17_n~n1.  (out+4) = xbl~f; (out+5) = Xbrd;  (out+G) - slid;  



(out+7) = xtrd; } br gap_mmold - br gap_mm;  bl_gap_mm_old = bl gap_mm;
tr-gap_mm old = trap mm;  t1_gap_mm old = tl_gap_mm; } return; 86 WHAT IS
CLAIMED IS: 1. An elevator system for controlling horizontal  movement of
an elevator car with respect to guide rails  in an elevator hoistway,
comprising: a force-estimation or position-scheduled current  command
controller, responsive to a force command signal,  and further responsive
to a sensed gap signal indicative  of an actual gap of the elevator car
with respect to the  guide rail in the elevator hoistway, for providing a
force-estimation or position-scheduled current command  controller signal;
and a magnet driver circuit, responsive to the force- estimation or
position-scheduled current command  controller signal, for providing a
magnet driver circuit  signal to control the horizontal movement of the
elevator  car with respect to the guide rails in the elevator  hoistway,
whereby the horizontal movement of the elevator car  is controlled without
sensing magnetic flux. 2. An elevator system according to claim 1, wherein
the force-estimation or position-scheduled current  command controller
comprises: a force-estimation processor, responsive to the  sensed gap
signal, and further responsive to a sensed  magnet driver current signal,
for providing a force- estimation processor signal; a force comparator,
responsive to the force- 



estimation processor signal, and further responsive to - 8 DEC 2003 87 the
force command signal, for providing a force  comparator signal; and a force
feedback compensation processor, responsive  to the force comparator
signal, for providing a force  feedback compensation processor signal as a
current  command to the magnet driver circuit. 3. An elevator system
according to claim 2, wherein  the force-estimation processor is
implemented with  hardware and further comprises: a first operational
amplifier, responsive to the  sensed gap signal, for providing an
operationally- amplified gap signal; a multiplier circuit, responsive to
the  operationally-amplified gap signal, and further  responsive to the
sensed magnet driver current signal,  for providing a multiplier circuit
signal; and a second operational amplifier, responsive to the  multiplier
circuit signal, for providing a second  operationally-amplified multiplied
signal to the force  comparator. 4. An elevator system according to claim
1, wherein  the force-estimation or position-scheduled current  command
controller is a position-scheduled current  command controller, responsive
to the force command  signal, and further responsive to the sensed gap
signal, -8 DEC 2003 88 for providing a position-scheduled current command
control signal as a current command to the magnet driver  circuit. 5. An
elevator system according to claim 1, wherein  the magnet driver circuit
further comprises. a current-error comparator, responsive to the force- 



estimation or position-scheduled current control signal  indicative of a
current command, and further responsive  to a sensed magnet driver current
signal, for providing a  current error signal; a current feedback
compensation processor,  responsive to the current error signal, for
providing a  current feedback compensation processor signal; a driver
circuit, responsive to the current feedback  compensation processor signal,
for providing a driver  circuit signal to a magnet that provides a magnetic
force  to control said horizontal movement of the elevator car  with
respect to the guide rail in the elevator hoistway; and a current sensor,
responsive to the driver circuit  signal, for providing the sensed magnet
driver current  signal to the current-error comparator. 6. An elevator
system according to claim 1, wherein  the force command signal is
indicative of a commanded  horizontal movement of the elevator car with
respect to -B DEC 2003 89 the guide rails in the elevator haistway. 7. An
elevator system according to claim 1, wherein  the force-estimation or
position-scheduled current  command controller signal is indicative of a
force-- estimation or position-scheduled current command for  controlling
said horizontal movement of the elevator car  with respect to the guide
rail in the elevator hoistway. 8. An elevator system according to claim 1,
wherein  the magnet driver circuit signal is indicative of a  current for
driving the magnet to produce a magnetic  force to control the horizontal
movement of the elevator  car with respect to the guide rail in the
elevator  hoistway. 9. An elevator system according to claim 1, wherein
the force-estimation or position-scheduled current  



command controller comprises: a force-estimation processor, responsive to
the  sensed gap signal, and further responsive to the force- estimation or
position-scheduled current command  controller signal, for providing a
force-estimation  processor signal; a force comparator, responsive to the
force- estimation processor signal, and further responsive to - 8 DEC 2003
90 the force command signal, for providing a force  comparator signal; and
a force feedback compensation processor, responsive  to the force
comparator signal, for providing a force  feedback compensation processor
signal as a current  command to the magnet driver circuit. 10. A system for
controlling movement of a first  object with respect to a second object,
comprising: a force-estimation or position-scheduled current  command
controller, responsive to a force command signal,  and further responsive
to a sensed gap signal indicative  of an actual gap of the elevator car
with respect to the  guide rail in the elevator hoistway, for providing a
force-estimation or position-scheduled current command  controller signal;
and a magnet driver circuit, responsive to the force-- estimation or
position-scheduled current command  controller signal, for providing a
magnet driver circuit  signal to control the horizontal movement of the
first  object with respect to the second object, whereby the horizontal
movement of the first object  is controlled without sensing magnetic flux.
-_ 0 DEC 2001 91 11. A system according to claim 10, wherein the
force-estimation or position-scheduled current command  



controller comprises: a force-estimation processor, responsive to the
sensed gap signal, and further responsive to a sensed  magnet driver
current signal, for providing a force- estimation processor signal; a force
comparator, responsive to the force- estimation processor signal, and
further responsive to  the force command signal, for providing a force
comparator signal; and a force feedback compensation processor, responsive
to the force comparator signal, for providing a force  feedback
compensation processor signal as a current  command to the magnet driver
circuit. 12. A system according to claim 10, wherein the  force-estimation
or position-scheduled current command  controller is a position-scheduled
current command  controller, responsive to the force command signal, and
further responsive to the sensed gap signal, for  providing a
position-scheduled current command control  signal as a current command to
the magnet driver circuit. 






