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TECENICAL 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.

BACXGROUND 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



mllinmeters. Figure 3 shows a known flux and current feedback conpensation
controller for a nagnet driver. In general, in Figure 3, the known E|%E
and current feedback conpensation controller feeds back magnetic fT DELA003
current to regul ate el ectromagnet currents. The flux and current feedback
systemutilizes an outer force control_ feedback |oop (flux feedback using
Hal | effect sensors), to regulate confand current for the magnets in the
presence of unknown gaps. (Note that Figure 3 is sinplified by show ng
only one magnet). Specifically, an el evator suspension controller (not
shown in Figure 3) of the elevator system provides a force command signa
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command signal Fd is indicative o red force to nbve e el evat or
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sensor 52 neasures a flux density FD, an provi des a sensed ux density

signal F.adddigad &t eyef ndyre tBINRLH G fY couxerd £l Hyo 2 ﬁg@ﬁ&& 2fe 0N @

guide rail (not shown). A squaring circuit 56 squares t sensed fl ux

density siwnaludirDadoaicd] QU insA sHlURFRbmensashr &d UWef8RsE N Si gnal FFD2
proportional to the sensed flux density signal FFD. A first conparator 58

subt r act snddiean bepmar esled efae bJdHItHEENRE Yarid 008 FTEZatsPMfbeedor ce
command signal F4, and provides a force error signal F. A force feedback

conpensatdmon qlecesswagté: reRipendhdty addie-dpineEriorgsndrate FFE, and
provi des a desired force conpensated current command signal Ic. A current
neasur ensaniiokled B2gmetat rfes GesTrgnathe dirdasdnEalrs£ntel #0iveng provi des
a measured current signal I,,, indicative of a measured current froma
driver 6RIFe tHEr ngYPevasilatibrsedonch ommps aibr2 6o subtracts the neasured
current signal Im., fromthe desired force conpensated current command
si gnal | @ikkhuekeysdes a
Figure 3 shows a known flux and current feedback

compensation controller for a magnet driver. 1In 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 F,

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



current error signal IE. A current feedback conpensation 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 BOEC3803
feedback current signal IDFC, and provides the driver current . signal |nDc
to the magnet 54. The flux and current _feedback conpensation controller 50
for the AMG el evator system as well as the ARG elevator system both use
the Hall effect sensor 52 as one of the primary feedback el enents to
control the nmagnetic force (See United States Patent Nos. 5,294,757, 4
5,304, 751 and §p30§,938). The Hall effect sensor 52 is nounted in the
magneti c FRENGCAC 4°p6FegEESEf PY hd magpekt SS40nnd gevidarsailhe | oca
magnet fl ux _densit In_ the AMG and ARG el evator systens, the force

pr oduced 390 tﬁEOHé&netASﬁngrFBﬂgﬁchﬁ%Bpéﬁt?%HﬁFeﬁothﬁesgﬁﬁaﬁe of the
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especi al | y di sadvant ageous ecausé th gnet ftorc
compensated current command signal I..

A current measurement circuit 62 measures a magnet
driver current Iwpc, and provides a measured current
signal I, indicative of a measured current from a driver
€4 to the magnet 54. A second comparator 66 subtracts
the measured current signal I, from the desired force
compensated current command signal I., and provides a
current error signal I,. A current feedback compensation
processor 68 responds to the current error signal I and
provides a driver feedback current signal Ioec to the
driver 64. The driver 64 responds to the driver feedback
current signal I,,., and provides the driver current
signal I,,. to the magnet 54.

The flux and current feedback compensaﬁion
controller 50 for the AMG elevator éystem, 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,



decreases as a function of the square of the air gap length. Third, the
Hal | effect sensor 52 requires additional wiring and connections,

i ncreasing the cost 5 and reducing the overall reliability of the - 8 DEC 2003
suspensi on control system Fourth, the existence of the Hall effect

sensor 52 on the pole face of the nmagnet 54 Iimts the achievable force
generation capability of the electronagnet. The Hall effect sensor 52 nust
be nounted in close proximty to the active el ectromagnet 54 - on the
reaction plate (armature) in the case of the ARG elevator system and
directly odq_) t:pi nggnet ole face in the case of the AMG el evator system
The limted 1ehperht3Pd 7 e?g@. I8k he T |HEF ¥ et fsetsoensSer | 571 is t he

al | onabl e teorTane‘_[aéure rise of the magnet, and therefore |limts the maxi num
magnet excitati on: The-ARAWRR A Drf Ledd adhm ke sfadd avf priokl ens.  The

di sadvant a rgé'éCéJ sed.above are difficulties in the ARG el evator

syst ens, bgtﬁsgprove IR BATHRS Hisriloadlomagnet Melwaplemeitiat i am of AVG

el evat or s URE OF | NVENTI ON The invention provides a new and
uni que net ﬁco for %)dgtjbg I?%Eequ‘td?rce%’sﬁ:%ce@%f@%mmm ¥ n | arge
gap applicatyons M usi n Hal | effect sensor and its associated

f eedback | oop. | r?lﬂpéaér]?élj%:ulrsarlj ‘ﬁélyl RFEROTSH ek rethm suare of system
for controldhdnghgyi Al, hovenent of an elevator car with respect to
guide rails in an el evat oF hoi stway, having a force-estinmation or

posi ti on- schedulgs; e ontr.oller, and a nagnet driver
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circuit. The force-estimation or posit
control | er ghespRNds dra-d q&g&orgﬁa;& %5:\%” c & d__further responds to a
i mat i or S

sensed gap signal, for providing a  force-esti RSt o - schedul ed

current cofimst, 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 AMG elevator system in which the
reaction surface is the elevator quide 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
a8 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



controller signal. The nmagnet driver circuit responds to the
force-estimation or position-scheduled current comand controller Qj@ﬂﬁd
for providing a magnet driver circuit signal to control the horizont 2003
novenent of the elevator car with respect to the guide rails in the

el evator hoistway. In one enbodi nent, the invention includes a force-
estimation processor that responds to Hhe sensed gap signal and a sensed
magnet driver current signal, for providing a force-estination processor
signal indicative of an estimted force used to control the horizontal
novenent ofdthe el evator car with respect to the guide rails in the

el evator ABPsEW S it H6 C¥ezadilng@idi b igridoe $fotheays us@anmiament ed i n
har dwar e qr f1 ...J n anoth enbodi nent, the invention includes a

posi ti on-ggJ 1e'::%t?ll\g%ry(;esutrerrue‘nt r}é’b‘ﬁ%&‘ndt ErditEnen gt thespiddds afFedte force
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to the nEGRGLWGHA ¥&r & i i.ti.qn-schedul ed current conmmand
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hereinafter set forth, and the scope Of the I nvention e indicated in
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the nature of the invention, referencCe should made to the f oW ng
detai |l ed Hbecciae ofs thakaNG Blevatost sgateih the 13gGeeRanyi ng draw ngs,

not in scale, in which
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 problenms.
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 unigque 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



Figure | is a schematic diagramof an elevator car that noves with respect
to guide rails in an AMG el evator system Figure 2 is a block diagramof a
circuit for controlling the novenent of the elevator car in Figure”ﬁﬂ i 2003
respect to the guide rails. Figure 3 is a block diagramof a known flux and
current feedback conpensation controll In a knowmn rmagnet- driver. Figure
4 is a block diagramof a current co d controller 200 of the present

i nvention. Figure 5a is a block diagram of one enbodi nent of a
force-estimation current conmand controller 210/300 which 8 is one

enbodi nentcadnihe conteollepnandda CRAGAOL! 8F 1200 cifckigurerd. Figure 5b is
a bl ock di agram of anot her enbodi nent™ of a force-estimation current

conmand coftrottest AL BOA omhpedi & SoNPEcRENQTLACAr Pént NeofMiAENt command
controller 200 in Figure 4. Figure 6 is a block diagramof a

m cropr ocessvtrohlehi tespondsfos 4 heof 68 C€ommihdBEi@a LUrs At comand
controller 210/300 of Figure S. Figure 7 is a diagramof a side-to-side
confi gur atfwrtier IéePAMS ctevatoensgdtgap sEygale foi prodiapmgmof a
front-to-back configuration for the AMG el evator system Figure 9 shows how
Fi gures 9AKRE OB inatbortderresiti¢husthedel ad hauriveaite esmnghdent of a
force estimation _processor 310 in Figure 5. Figure 10 is a bl ock diagram
of a posi tfYHEThetfl 2HIN2hr r e RagwRet dohven| ¢ bro@it)/rdspoiishto s

anot her quoggnent of the current command controller 200 in Figure 4.
Figure 11 T & BIOTKETT R GhPDiOF RReHbsienvpchedwter | arant ent  command

Contr0|lEHcégégégnééﬁ%¥giiék signal, for providing a magnet driver
circuit signal to control the horizontal movement of the
elevator car with respect to the quide 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 quide
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 tec 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



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
CARRYI NG OUT THE | NVENTION An AMG Elevator S stemin General: Fi gure8DEC 2003
shows an el evator car 12 for an AMG el evator system shown and is described
ina US Patent application having Sefial 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 s?gmm_lnltgls
exanpl e as __magnetic quide heads. In general, the elevator car i ncl udes
a ch fraﬁ?sﬁf%%aﬁo o‘%l?rét"‘e‘éjeor’r'a\}éfst italthfuiede vatkein §\°(lﬁ&’*'ha5}hovm)frmunt ed
i i hoi st wa not shown) of a

Ui 1 di g (ot ol HHe TFbur Syt a dredts L6, 120400 and 40ad ¢ mount ed
on the car, frane .13.t0 ide the car along.the rails and to reduce the
vibrationd% regl%rﬁx}afteec? %g'et i egcaﬂc’r % . ke ﬁiedlslﬁ’é'd%/ ][mti gn of f t he

J i i i i i d 0 reedom o a
al obal coor di ndriost LyRET (BB AT TG X CoRPrs Sato by Ledtie A% ah de
transl ati he X _axi f.r.ont -to-Rhack . translation along the Y axis,
a pitch r%&§%€£¥€ﬁﬂﬁh’f%émﬁyaéﬁqg,ogoﬁ SNGEat POT A5EG RS ﬁ%is, and a
yaw r ot at i,gR-+abQuiti 3§34 13§ have its origin at the
geonetricb(or ngggygceﬁéérégfeﬁ%gggﬁﬁﬁgggﬁnbgﬁelfongrr %t&ﬁF ot her

conveni enhodidigidted:d SHhOWthe L& it sl oNenehqincl i coordinat e
system though not arbitrary, need not be fectangul'ar, although it is the
- 8 BE C 20Q3 Y2 nnsiidad@dcdln am@ eqrverient. The side-to-side |inear

translation Xc is measured along the X axis in the GCS and
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 1 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
contreolling 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



a force Fx is defined along the X axis. The front-to- back |inear

translation YCis neasured along the Y axis in the GCS, and a force.EgEtgma

defined along the Y axis. The pitch rotation Ox is rotationally neasureéd

about the X axis in the GCS, and a nmonent M is defined about the X axis.

The roll rotation Oy is rotationally ngasured about the Y axis in the GCS,
e

and a nonent My is def ined about the®Y axis. The yaw rotation Qz is
measured about the Z axis in the GCS, and a nonent Mz is def ined about
the Z axis. Each of the three arrows shown in Figure 2 indicates a
positive 'isomeve ealisdindre oEsSpAet cveraxeScomhdRbechbhatoh @kt Bggpur pose of
this discussion the neasurenent and notion of the elevator car 12 are not
control | ednby 4gwreAXNG systemwith respect to translations along the Z
axis.) In addition, each guide head 10, 20, 30, 40 has a respective |ocal
coor di nat e systFe@ureS P, ilsC820lotkESHOagrafSdo, ahavheg 3fbodijeRt axes. For
exanpl e, the guide head 10 has a | ocal coordinate system LCS,,, having an
x, axis &hd2aTArcgriestiimglipor cosrent comndd cespeslivel yidefpoed al ong
t hese axes, ,as shown. The quide head 20 has a |ocal coordinate system
LCS-, (, thFﬁ& an ﬁ@eaﬁm§°§haeaty9f B¢ scwwrrént oromsafd, cantrél ler
respectivgl§ defined along these axes, as shown. The gui de head 30 has a
| ocal co6Pdi A8t &3¢ Eeet-LCS,, having an x, axis and a Y3 axis -B DEC 2003
11 with forces_E, an% F¥3 reigectiyely defined along these axes, as
shown. The gui G&INESAP465hasPEOFHCIF2TERR P hat RiCGHRPEAFESAD havi ng an x,

axi s and axi i th forces_F1l4 and, Fy,.respectively defined al ong
t hese axegfxgéééﬁgﬁg% ESF ggsthFC?ﬁ%S?{RgitﬁﬁcEP?E%@E qermapd 30, 40, its

three respgakirug18heshk ngks duce forces F=I, Fyl, Fi2, Fy2i Fs3,
Fy3, Fl14 ang F along%%ﬁzg?gs§£c¥$€§r7o al x; and y; axes. It is assuned

that the |ocal gfigigesyaljgng diQ&réﬁ ggmgyéiégfgbgg{déhrough the origin of
Its respective
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 %A 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 contrcller 2107400 shown in
Figure 10 and the coordinated controller 100 shown in

Figqure 2.

Figure 12 shows a graph of side-to-side AMG magnet

performance.



| ocal coordinate system LCS;. It should be realized that one could easily
account for any offset in the local z; axis between the |ocal forcesa ﬂ,{’em“}
to magnet positioning by adding additional |length paranmeters in this
kinematic characterization. The |ocal coordinate systens LCSI O LCS20
LCS30, LCSO are related to the GCS baged on five lengths a, b, ¢, d and

e, as shown in Figure 1. The lengths a“and b define the lever arns for the
pitch rotation 6X about the X axis and the roll rotation 6y about the Y
axis. The lengths ¢, d and e define the |ever arnms for the yaw rotation 6Z

about the Z axis. BaesTt ReDEYPORACARREENG 0OfST aPRE BRvETPIoyd=€ and ¢=0. In
one enbodi nent described in U S. serial No. 08/292,660, the position of

the el evator can ARG &£)ewvaasur gdstBmt hhe€efpbrhie four [ocal coordinate
systens LCS10, LCS20, LCS)O, and coordinating Tocal forces F,1, F&0 F7 ,
FyZ, Fy3 are appbiee ilnshbessaneellbreeolocal ¢90rgdinaheada@ systens LCS1Q
LCS20, LCS30. The neasurenents are used to determ ne the deviation of the
el evat or fapvVaRorr sis&endebirwedapdsisi dascnibbae (8Sa ang.thetkpeces
necessary to_.nmove the el evator car 12 back to the desired position in the
GCS. Fi gurBP21SAEMeNaRadiagpFeradalaNeoopelf naeedsoconited| ragisf descri bed
in US. Serial No. 08/292,660 for controlling the novenent of the el evator
car 12 shbhn *PRYFi §ifeherPRYt hBcoRPrr2tedt by tgferemcén Frgere 2, the

coordinat ed control Ler 10% i ncludes _position sensors 110 and acceleration
sensors 120%V&BbsFBfoh‘afidSatcersr 5X2ma 13 celibhckownngeifecheadd, a high

vol tage p roSUpRLY 0, . . magnet drjvers, 150, and el ectromagnets 160. The
posi tion PégnggfsgéioigrewﬁﬂgamaFﬁ $PRVR 0 Bhads apxamehel @St hereof s

shown an t hed,. L atept No. 5,294, 757, . hereby incorporated by
referencg?ggﬁgﬁ%gsg?ﬁgﬁugg dgaccg?e?%f?ﬁﬁffé@ﬁ%a%ke%%E?Fo$?€rliSO keeps the

car frameinciudes 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
Oor 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



13 centered between the guide rails and mnimzes the l|ateral vibrations,
and is shown and described in U S. Serial No. 08/292,660. O her poggﬁqyzgﬁ
and accel eration feedback controllers are also shown and described i'n"U'S:
Pat ent Nos. 5,294, 757; 5,304,751 and 5, 308,938, which are also hereby

i ncorporated by reference. As di scusseﬂgabove in detail, Figure 3 shows a

known flux and current feedback conpenSation controller for the nagnet
drivers 150 shown in Figure 2. 13 The Force-Estimation or

Posi tion-Schedul ed Current Conmmand Controller Figure 4 shows a bl ock

di agr am of MAsd prassial andvenrnivenientit sTheoaddettoestieet 1iAeaghown, the
present invention provides a current command controller 200 to regulate
currents t Gramsdiaddidonaghst nasenreta kenyethasX axisrite geaetasoandn the
AMC el evator system As shown in Figure 4, the current conmmand controller
200 has a PofE&ESEstixmdfi BALoReP ol enDnthse hedak &8 - cuFhenfroobratand
controller 210 and a magnet driver circuit 220. The force-estimtion or
posi ti on- sERESulIFSdeRF ERnslagaraniic dontrensered 1@leng pbnesYt axhs fimce
command signal _Fd, and further responds to a sensed gap signal G, for
provi di ng ¥euSnt 30GmRar@rsPgRal 1§ deEined calond thel buaxihe cTmeent
conmand Si%{;’_%' lc takes the formof _either a force-estimation current
conmand coRtF6T PSR ot S oF PERT 19RAL LY HeerFered uabent them¥ind
controller. signal,.and is indicative of a current conmand to the nagnet

driver cir@fif for TS F Py 8NEchr BRESAEt xS dehinred 2heut| that¥r car 12

(Figure 1) ,w.th respect .to he.quide rail 205 in the el evator hoistway
(not shom)awlsThe oesitollélnrgﬁiagégeeg‘eﬁaﬁi%‘?lt?*%%‘a’b%t@:kyc%ﬂ??BFPér 130 in

oo PSS SO RS O0eh gty el BEERLAYE O 2
guide rail 52Qad RHNG &iQVat pheNPLGt YAV, £ B8] ??Ofg)ﬁe§£§}8 1§, posi tion
the 2 axis in the GCS, and a moment M, is defined about
the 2 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
contreolled by the AMG 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,,, LCS,, LCS;,
LCSy, having x, y;, z; axes. For example, the guide head
10 has a local coordinate system LCS,, having an x, axis
and a y, axis with forces F, and F, respectively defined
along these axes, as shown. The guide head 20 has a
local coordinate system LCS, having an x, axis and a Yy,
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 y, axis



sensors 110 in Figure 2 provides the neasured gap signal 14 G of Figure 4,
which is indicative of an actual gap of +the elevator car 12 (Figure

wWith respect to the guide rail 205 in the el evator hoistway (not Sﬁ&ﬂ%ﬁ?ﬁﬂ
The magnet driver circuit 220 responds to the current comrand signal |I,,
for providing a magnet driver «circuit fignal to the magnet 160 in Figure 4

to control novenent of the elevator c 12 with respect to the guide
rails (not shown) in the el evator hoistway (not shown). In effect, the
present invention uniquely provides two different control systens to
regul ate the bi- directional force generated by the el ectromagnets 160
operating over relatively large air gaps without the need for Hall effect

sensors. thyg@sf§£@% p(b) and 6-9 show enbodiments in which the current
conmand control | er 200 & #ad" Fnag‘?f‘e?ﬂ%‘:’FbY%byeéeﬁmédiommu@reﬂgsgommnd

control | er 2444 3005t ul ate currents to el ectromagnets 160 that serve
as force generators. F‘?%'r egltrbe- FHfF frad 148 hes am bobolli seatdinambi ch the

current corsyttbm Hd . has_a. position-schedul ed current conmmand
control | er 210/ 400. f%ese e“r%%g‘. RentE€ids@ngna; YeatX Fed/itiel 2o @ns hi p

bet ween t hendagnetdes e Gie, AN iven the air gap between the magnet
and a reactionggurfaéi (e.g??ggﬁg%ggg Qﬂggﬁh%ﬁ#rQﬂq%,anﬂsﬂunﬁand

currents for tiFedaeRel o ThS e _estimation approach may use existing
current and position sensing el tg%r(élnt g"lilr‘ifetnﬁ'@ml%nc?%moal eMgt drtssyst ens.

However, i tthsleeub@dshRotqalel 268dct he present invention is also
applicable to elevator 15 systgn%gﬁé %ﬁggaﬁﬁqg%ﬂqt%PﬁﬂESaétLvégguides of

any type, FincFudi ifg,a i, ve rahkeg gui , .active slide guides, etc.
Mor eover, the scope of G}Jhe Fhvent ?Bng;"ggél §8ensesPecEided locglbes |imited to

only currefbdcmeereds., lmcdesa saubedi re .envisioned in which vol tage
comands Ry be used for controlli ng%ﬁ%ttsé:l%ee\/a&ciﬁa]cﬁrffs( Alane 1)
e

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 dQue to magnet positioning

by addi iti
Y ding additional length parameters in this kinematic
characterization.
Th i
e local coordinate SyYstems LCS,,, LCSy, LCS,,, LCs,

are related to the Ggcs based on five lengths a, b, ¢, d

and i i
€, 3s shown in Figure 1. The lengths a and b define

the 1 i
€Ver arms for the pitch rotation 0x about the X axis

and the roll rotation 8y about the Y axis. The lengths

c, i
d and e define the lever arms for the Yaw rotation 4,

about t i i
he Z axis. For the typical case, one assumes a=b,

d=e and c=0.

In one embodiment described in U.s.

08/292, 660,

Serial No.

the position of the elevator car 12 is

mea i
sured in three of the four local coordinate systems

LC i
Slﬂf LCSm, LCSJG. and coordlnating local fOI‘CES F F
at s

2

F F i i
rte ¥, Fyy are applied in the Same three local coordinate



with respect to the guide rails 205 in the elevator hoistway (not shown).
Figure 5. Force-Estimation Current Command Controller 300 Figure SinﬁE@ﬁmﬁ
an enbodi rent of the invention in which the current command contr ol

has a force- estimation current command controller 210/300 that includes a
force-estimation processor 310, a force conparator 320 and a force

f eedback conpensation processor 330. T2he force-estimation processor 310
responds to the sensed gap signal Gh]fron1a gap sensor 110, and further

responds t ur, t driver current signal Y,,.,. from
a magnetic csﬁtre:nﬁtsﬁésgéﬁsor L%g g\?l JiSA§UT rEncE- &gt r‘t‘ételdorf-%rocessor

signal i nifaliyene of | hari zontal force to control the
el evator car 12 Wth r}éggj ect tgg’tnt %g %‘Fdee RYAROT F3¢hd 2 EF&Mor hoi st way.

The force fapasat Q k M 4 subtracts the
force-estimation pﬁsclg%sodrsins?g\gg(;bgéstam?r gmtherf:éelscé’ 8&&%& F%nal Fs

provi ded hyoddechdasidvtprand rageehaeat ikgn ¢ %e%l% Gk GORLLQl el 130 in 16
Figure 2, for providing a force error signa i ca |ve of é&nparlsons

of the form amswnd signal F. and the force-estimation processor signal F
to control the elevator car 12 with respect to the guide rails in the

el evat or hoi st vEygueot2 sdhews) anTeeahpneeofeadbaskaiggwrgnsati on processor
330 responds to the force error signal F., for providing a force feedback
conpensat icemtmldees a0 siegralibad ancursenteeQEMBRE. i 83t/ 9kh@ sERINEL
driver circuit 220. The force estimation processor 310 may be I npl ement ed
i n har dwarf@rocsdiaidriag Whenmbwphenenbédthes edevkwarecag Lgpistaknm

m croprocessor architecture is used, as generally shown in Figure 6. For
exanmpl e, tife Figuge ledm thei bﬂGpabeestor 8¢8temy i Dnl Bdguaeni2gr @heocessor

coordinated controller 100 includes position sensors 110
and acceleration sensors 120, a position and acceleration
feedback controller 130, a high veltage power supply 140,
maghet 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 quide 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 alsc 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.



(CPU) 340, a Random Access Menory (RAM 342, a Read Only Menory (ROM 344,
an i nput/output controller (1/0O 346, and an address, data and control bus
(BUS) 348 for connecting the m croprocessor (CPU) 340, the Random -AR8EE 2003
Menory (RAM) 342, the Read Only Menory (ROM 344 and the input/output
controller (1/0O 346. one advant age qf i npl enenting the force-estimation
processor 310 in software is that it é%n easily be updated and adapted
over time by sinply adjusting the software program An inplenentation of
t he force-estin&kgogo%roc ssor 310 wusing hardware is discussed below wth

%-

an

respect to Fig“Eﬁr ﬁg" BFbgaFé%ﬂb%Ekpﬁéﬁbéﬁ§a§FbﬂdBieéessor 330 may 17
simlarly be i Sfa Q the sane or a separate

m cr oprocessor gt s,shown_in Figure.6. The scope of the invention is
not i ntended to§génfgnftgg°¥% aaﬂgggﬁr?fﬁﬂF%? hbbUE nBRESBRtt he

force-esti cess 3 e force feedback conpensation rocessor
330, or mhg?%gﬁt??gigﬁig%?e%%%%é%éf%F%%?%ﬁﬁre g%rSE%Y?maFE? BFeaenE

conbi nati opnt : : t ' ircuit 220 is_known in the art of
el evat or sggtgﬁ%§gﬁdp%§gﬂgg%2§a9€%#¥§%t$%$?%? cOMPEFS g?r 299 ta current

f eedback cg@@ﬁnﬁabi @ﬂrPERE§5§9rar%2e41e@tfr9£%<¥§ég3%?9a d.g magnet current

sensor 228. e current- error conparator Attt HRF HeastFed magnet

driver cuirestcai geabritor iMdKatine O ured magnet  driver
current applied to el ectromagnets 160 fro%1%ﬁ%PE€€?é%%t command signal |.

for providing arsushewh €nrPigusé 00altHe 8ﬁ§k&H£réﬁﬁm%ﬁ&QQ@ﬁ@r&ff@ nsation
I gnal TE,

processor 224 responds to the current error sign for providing a

current fetdbalascanfensetenigHioias sy SogNed oh-sdhEiu Tid Vehr 226t I esponds
to the current feedback conpensation processor signal Ipe, for providing a

driver sigrermapdtAentpabher 26D dnthta praoyn ke sdpi vagneiréwi€ezi®, cont rol

novenent of the elevator car 12 (Figure 1) with respect
The force-estimation or position-scheduled current
command controller 210 responds to a force command signal
F,, and further responds to a sensed gap signal G_, for
providing a current command signal I.. As described
below, the current command signal I, 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
contrel 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 comnand signal F,, 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



to the guide rails in the elevator hoi stway. The nagnetic current sensor
228 responds to the magnet driver current, for providing the sensed or
measured magnet driver current signal Inpb, to the current-error conyabE: 83
222. As shown, the "not used” in Figure 5 indicates that 18 the
force-estimation current conmand controller 210/300 replaces the Hal
effect sensor 52 and the squaring cirlduit 54 shown in Figure 3, which are
no | onger needed. In operation, the force-estinmation processor 310 takes
the sensed gap signal G and the neasured nmagnet driver current signal

| mo,, and conmputes a force- estimation processor signal using a derived
Equation 1c0,0@sFi@htove; RoIe s KRdicat VL /dF=@n adtkk1 Hap othere the
Force represents a force scaled in Newtons, K, represents a

proportionehétyleoasbantaf 109 {oIgure 1)5NR hierr F5guiie T Bagk ige AMG
Magnet and 425 for the Larger Side-To-Side Axis AMG Magnet) Tor a given

magnet cardibuzasi on, the eiscarssechdrdtova tdbt espeed) 1o Figure 12, lc
represents the current comand signal scaled in Anperes, and G 9

represents an aTheahagaghedr Dagr st pralit stad afbdgbrdd [daeies s bet ween a
pole face of a magnet and a reaction surface of a guide rail, which is

det er mi nedcufrentt hemsang esigrapl st gndlorGproviding anhadneendrikhewn in
Figure 5b, the current conmmand signal Ic is fed to the force-estination
processor cBtQuihssaguadf to hehe emsprkDrl deasuredumgnettalrdéaretrolour r ent
signal Inmp, froma magnetic current sensor 228, if the bandwidth is high
enough so B¢éerensedforharaberatbr mamet2 dritterrespecnttsitgrmigdide fol | ows
the current 19 command signal 1. In operation, the force-estinmation
processor B3b1FefPBRdSNPERL iRt AYENthesal (o) and t he

sensed gap signal for providing the force-estjnmtion processor signal
indicat?vg ofgtﬂg g%fecg' Bhe present linventicn uniquely PéLVides g

two different control systems to regqulate the bi-
directional force generated by fhe electromagnets 160
operating over relatively large air gaps without the need
for Hall effect sensors. Figures S(a), S(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



estimation of the horizontal force to control the elevator car 12 with
respect to the guide rails in the elevator hoistway. otherw se, the
enbodiment is simlar in design to that shown and described with renﬁ)(agﬁ 200
to Figure 5a above. Figures 7 and 8. Gap Sensor Processing Alaorith
Figures 7 and 8 show a typical physical relationship between the nmagnet,

the reaction surface and the position 13ensor. As discussed above, in order
to estimate the force produced by the AMG and ARG el ectromagnets, the air
gap length and magnet current for each magnet nust be known. The magnet
current is_infor on readil gvai l abl e from the nmagnet driver

el ect roni &¥SHHS ‘f’e’?%rﬂlpr}g%%té(r PerStider ridesesdh @R ffPSe used to

i nprove t S on € of t he rrent control. In the case 6 of a systemthat
does not H‘g‘é:lgluﬁ'r ]evaeoé'éﬁ‘tietrhg‘“gﬁrsr'eﬁt‘:trﬂﬁ sdtlide gt dfshi t8di%ed t o

nsure th fe. levels, .and is t eforeaalablefor
!theu forcgf%eshvﬁe%ﬁ/zcnh%me%; qugf %gl dé“\’(‘j"%ﬂﬂ’é’ kﬁG %é‘tc’d:r 1 erdefhe act ual

magnetic gap L3l quqﬁu_g\gﬁ\({d gquﬁ,d%%rtcgthQ__o Wiy Sl ?%c(%%ﬁet gap G and the

| eft side gap Gl gure physica syste guration for a

Si de-to- Sbﬁ%o@@ﬁéni@“%ﬂ%“ﬂﬂﬁf%&o%@ﬁs955w%l%% g%qt% bcw%m&g%é? \es of the

position sensors 110 in Figure 2 and are used Sin Yhoth Ieft

and right pei dg edTEMICtEL B 10RgKRAWN G 3T e oSt ehyeen the
Qui derails (DBG changes. The ofgfset l‘oaet ween t he magnet (%q%ng{% ta:l" d each

posi tion sdmaorebbactanth kHI guak Pai1RNYsCAN XHERIAEGerThi S IS shown
and designated in Figure 7 as Lm, for the |left side magnet and P,,., for
the righhcdistwayagmeit sHwem)easured 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 neasured left gap is G

Figure 5: Force~Estimation
Current Command Controller 300

Figure $a 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 G, from a gap sensor 110, and further
responds to a sensed or measured magnet driver current
signal I, 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 F_, from the force command signal F, provided by the

position and acceleration feedback controller 130 in



The left side gap GL is determ ned using Equation 2, as shown below Gl1 =
Gwu - L,,fr. (Eq. 2) . The right side magnet gap G is determ ned using
Equation 3, as shown below. Gi =G,, - Rofr&c (Eq. 3) . Note for t@qFﬁZWJ
side-to-side configuration, the gap processing algorithmis identical for

ei ther side. 21 Front-To-Back AMG Act é}tpor Gaps: The actual nmagnetic gap

signal G includes the front magnet & and the back gap Gb, which nust
be determ ned. 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- Faghaek 29Xxifs rapdol/\Ma i RBIRE 0 stinpatiopn usipng Equation 1
requires gap information for éggh nggﬁgg.gﬁﬁgggﬁﬁﬁga#af; ﬁﬂéﬁ?ﬁF%Fe

convent i onalf &/oélp'ﬁrriaiolnsV\/BifCBhBaﬁcE\chQQ{D_Q(taﬁgi g?’ﬁ{%ﬁl gldo ﬁinlgg 1.9

centinmeters) wi dth, although the scope o ti _ i ntended to

be |imtedfbocenrpspdnbitcbhaprot¥Peapf s gLhde Fai c of the front
and back nmagnets is determ ned byothz guigepﬁega %ggﬁgggeﬁggbnce the sum

of the froalenagnet cgapler antht hespack FBIPKL j . constant total
G . Therefore, once a measured front-to-back gggd%,q;a%gs?rlergs Bd, and the

front nagnelevgiprGhoistueye(nbteshotien tmebgggcgagé]ﬁab%ap Go can al so
be determ ned knowi ng the constant total gap G As wth the side-to-side
magnets, tReRBeN§a5AODf Preceshet vERD taepdr@at  SRGNEt £ ok aé‘xgrcgpe posi tion
sensor gap.., This offset nust also be physically neasured and recorded as
"of fset”. Fh8PpdsFei drPB areom dirge ardasuree < eaibapiko Cothge nishe igas ur ed
front-to-back ag G The position sensor processing algorithmfor the
front magn@’fo‘@gﬁ PE si-ﬁéaga?ﬁs fscyrentaciomrared MRgMet takowagnbie front

magnet gapdgivég ggégag%r§§%PS|ng Equati on

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 1310 may include a microprocessor
(CPU) 340, a Random Access Memory (RAM) 342, a Read Only
Memory (ROM} 344, an input/output controller (I/0) 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/0) 346. One ad?antage
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 Figqure

9.

The force feedback compensation processor 330 may



22 4, as shown below G = C'MA - offset (Eq. 4) Knowing the front gap G
and the constant total gap G, the back gap Gb is determ ned using
Equation 5, as shown below Gb = & - &G (Eq. 5) Figure 9: Hardware 8 DEC 2003
| mpl enent ati on of the Force-Estimation Processor 310 Figure 9 shows a
detailed circuit diagramof a har dvvaaﬁ I mpl enentation of the

r

force-estimation processor 310 of Fi e 5 for conputing the force
estimate for driving a pair of nmagnets. The circuit is designed to be
easily configured for either Front-To-Back or Side-To- Side Operation by

setting a FiperriKokre impFemented O taor@idhery ShS §1U Sifle-4p-side or F/IB
for front-to-back, as shown. Side-to-Side Gans: The junper is set to SIS
for side-tPRIMREPoBIFrORroPessdt Sheh operstdwanaln amplilfd &4 s Yyl and U -B
process the gap information for a left side magnet 150a in Figure 7 23

usi ng Equa???ﬁ%e?fc%lbellméwfemtﬁ aqreaswraddeito Hda Gan & apl GOMLL
and is a voltage output provided directly fromthe left side position
sensor 11G1Y PHEGEFRLIFE ankodiment af Wi forickeqgapimitgal Gam is scal ed
to give a Orcgco 10 voﬁ signal proportional to a O to 10 mllineter gap. The
oper at i ondl” Anpr 117 et U9 i Lonss dnddhrstercd@berasademt ed t herewi th
that is aqj 0 ibrate the neasured |eft side gap signal Gam, so
that the ?oﬁéaeg%%ﬁ f?‘ést“pdﬁ}ﬁthﬁ&deltrllf ddipllenen treeydin tarafware neasur ed
of fset bet sition sensor and the magnet gap. The output fromthe
operationglpgér}r:pél |lgér')' Lﬁlgj':frc@d"rbéé'\%ﬁ@n Fheegsti-ve an actual left side

magnet gap -G .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-
€rror 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 I., for providing
a current feedback compensation processor signal Ip.. The
driver 226 responds to the current feedback compensation
Processor signal Ip., 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

dri i
rlver current signal I_, to the current-error comparator

222. As shaown, the "not used" in Figure 5 indicates that



The operational anplifier Ul-A is configured as a summing junction
conputing: -1 * (GOLI, + -Lorr.) where a left offset voltage Ly, a

negative. In addition, the operational anplifier Ul-A provides a
pole lag filter having a capacitor C20 and a resistor R2 with a breakpoint
set at 30 Hz to reduce noise. The operational anplifier Ul-Bis a unity

gai n

represents an act ual

inverting anplifier. The output 1& the operational anplifier
| eft side magnet gap Gl1. 24 A Right Side Ma net Gap G

S
si hgEE 200

Ul-B

operational anplifiers Ul-C and Ul--D process the gap information for a

?ight Si @@ eMEWIRle 1M natlQWn <R rEhQUES nmAnaUsh

YL 91 o3 0@AP 2

represents a neasured right side gap signal %.Rgﬁgqls t he vol tage out put

direct!y replemdshand gii115iedepeSkbhaBrs8ASARal AR sSLRilidly to the
calibration discussed above, the operational anplifier U -C has a

pot ent i omdtren iR2 Stshashduw ddj wshadet 9, CahiiBhahee hbe 10RgeY edelieght side gap
Gam, so that the voltage at a test point node TP2 equal s the

si gnal

negati ve of

Tine opeasutriech , otheefobekwesn inhe ipaspbeassersanoand t he

magnet gap. The output fromthe operational anplifier U-D represents an
actual ritgkessitde segpsed gap Signkioaf- I Bank feasurdfiemagnper is set to

F/B for front-to-back position.

A Front Magnet Gan G The operati onal

anpl i fi efsiverAcazgdent Bignededs.,, hendgapmpatesnat forcker a front magnet

150c shown in Figure 8

using Equation 5. Gap 1 represents a neasured

front -t oeskagRtdey Freseisser sagnad ukéngokt dgeivetipBtudicieat lyo,from t he
Position sensqor 110c. Calibration by adjustnment of Pl is the sane as for
the |eft a8 §@118¥Fst 150a (Figure 7), as discussed above. The output from
the operational anplifier Ul-8 is an actual front nmagnet gap

Force = K,, * (I./G.)? (Eg. 1),

where the Force represents a force scaled in Newtons, Krug
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, I represents the current command signal scaled in
Anmperées, and Gne represents an actual magnet gap signal
scaled in millimeters between a pole face of a magnet and
a2 reaction sutface of a guide rail, which is determined
from the sensed gap signal Gg-

In the embodiment shown in Figure Sb, the current
command signal I. is fed to the force-estimation processor
310 instead of the sensed or measured magnet driver
current signal I, 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



G . 25 A Back Magnet Gap: The operational anplifiers U-C and Ul-D process
the gap information for a back nagnet 150d using a conbination of
Equation 5 and Equation 6 shown below. The circuit in Figure 9 procédkgg:mm
t he actual back magnet gap Gb using Equations 4 and 5, as follows: G =
Gdb -- offset (Eq. 4) and G = G - G (Eg. 5) Substituting the actual
front magnet gap GE from Equation 4 i18to Equation 5 yields: G - G = G,
- offset solving for the actual back magnet gap G yields: Gb = -Gb +
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 sol e $YBRE 05 hIBRLpbsi t i1dh ORaTiRSdan 1 ke | forgenuast Bratthen sensor
output is scaled to ive a O to 10 volt signal equal to a 0 to 10

mllinet eE?r"‘@%ﬁ?c”fo%gl FBFEPRAS heC posfeedhagkoeBEERAY, cOmBangot ent | onet er
P2 is adjusted,sp that the voltage at node TP2 equals a ninus of a sum of
the const&h"T ot g‘F etféé) e SeiRfd R Rrsdaia Gurorfelt IRy IgTF ddve G | |

bet ween t%e 26_go itign sensor l1lloc apd the, magnet _gap. The out put from

t he operat?onal 3ﬁb?? 8P PAOESTTRh DrIvdesihAccabikegap EBeThe operati onal
anplifier - C ] opnfigured as a _s I Nng junction conputing the actua
back nagﬁ%%ghéékzgg g% Eﬁﬁ:??ﬁhz%?t?#ng%ﬁg?igﬂ,c?ﬂEIBngEFional anplifier
Ul- C provj si.ogl e,p I filiter having a.capacitor and a

resi st or %g%%ﬁra&%?egﬁpg#'ﬁ? %%‘et’p%‘fé 3%0 Fﬁh?og‘r’éﬁﬁcgalhﬁi éﬂ.c;%%ﬁe

operati ongl e bt fh6istlha P, | Sot HERF{ 8L, OMle embodiment is similar

in design to that shown and described with respect to

Figure 5a above.

Ficqures 7 and 8: Cap Sensor Processing Algorithm:

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 Gaps:

The actual magnetic gap signal Gy lncludes the



(i.e. disabled) for the front-to-back configuration. Force Estimation

Net wor k: once the gap has been successfully processed, the resulting
signals nust be processed with the corresponding sensed or comand- § DE( 2003
currents for the magnets to generate force estimtes by using AD534
multipliers U2, U3, W and U5. For the given values of the proportionality
constant K above, the current sense sggnal 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 recal cul ating
Equation 1 for the given data. The AD534 nultipliers U2, U3, U4 and U5
with the following transfer function are used to divide the neasured

current |.pigh®Ystihe t iy 27 (XL-X2) * (Y1-Y2) = 10 *
(Z1- 22) (Ehdl.g7),smher§8%?£x‘g?‘9%ﬁ E%%’Ot%g sz?treﬂp»y%es&%p t9ve inputs for the
AD534 mul tipliefsqldde Y3shbl : ting the X2,.Yl and Z2 inputs to
zero, Equation 7gyi el ds: V5 :y?%ﬁl% ﬁy O %Sn%sg%a‘?/ﬁr? ¥ fire 9A,

t he nmeasureiievtse8idsi §R8L . lpwo 'pod St f ' [ 1.nppt d the actual
lr:r)agnet gapam;si gﬂallﬁﬁG@, T}igs ;afl T o??%%i%?gién%%}%ﬁd;j%ea I t_t]pﬁ{l L’ Si %ga!

econes: - *eXar £ nultiplier I's
fed into the AD534 multi plier IDESL{J$4S?ioﬂ:np{zalrsf org%é@aé g@ud;\rjirh IF%Rftd A (X - x2) *

YI-Y2) = akfe *ufdd-<2 7. i nd.Z2 i.nputs to zero and
gendi n)g t he s‘ilégnal 1%#%? ogabpg%&: %éﬁela%% \ﬁ% %plt?(lé: ﬁ]eqo s: Z1= 10 *

= 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 IL,, for the left side magnet and R, for the
right side magnet. The measured offsets L. and Ry, are
a result of the mounting configuration of the magnets and
the position senser and do not change with system
operation. The measured left gap is G_,.

The left side gap G, is determined using Equation 2,

as shown below:

Gy = Gy, ~ Lyp, (Eq. 2).

The right side magnet gap G, is determined using

Equation 3, as shown below:
Gn = Gm - Ruﬂ’su (Eq' 3)‘

Note for the side-to-side configuration, the gap

pProcessing algorithm is identical for either side.



/GM'R (Equivalent wth scaling to Eq.

divide the current by the gap signal. The AD534 multipliers U4 and

configured to square their input signals. The operational anplifier

inverts t
U6- B suns
(or Left

Ri ght Side) magnet force. The operati

he force estimate for channel 1, and the operational anpli

1) 28 The AD534 nultipliers U2 and U3

R g

ifier

the two channels so that a p05|t|ve signal represents the front
Si de) magnet force and a negag ve signal represents the back (or

anplifier Us-B is al so

configured-as a first order lag filter having a capacitor C22 and a
R23 with a breakpoint set to 300 Hz to reduce noise wthout

resi stor

significant pha§ I s%
scal es the out pu

Newt ons f
di fferent

at 30 FE

or theThgr?BQE onaI|t constant of 100 or 425 for the two
AVG nagnef's 16 @ﬁ%ﬁﬁ i Rl By, driaudes frerdback

the Force ffbaf““%? myst g_ scaled to a reasonabl e predeterm ned
t

range. S
Newt ons,

anplifier
produces

425/ 200 or "2.125. In thls case

set to a

Signal and provides it as the force’e

force est

posi tion-

nce -9tB- taBRAnBGReP2 K cBaR €6, ,omitilot argar w650

The operatlonal anplifier U6-B al so
d Eqabs on 1 determines the force in

oop,
vol t age

Het SATANSP! € output voltage might be 6.5 volts. In this case,
t he proportiona |ty constant K. woul d becone 1, and the operational

UG- B

of 1. The si de-to-si de nagnet

a|n
1300 Ne ons "?ﬁ%‘ﬁe c?d’t 3lg sysdiead comfA. ghradifcn  gdien t he
proportlomgdﬁaLgauggégn ﬁ% r the S|de to-si de nagnet would becone

CopBeaei dfapndyphink gosd-iBrwul d be

g&nsor Af1o2. Sy t'fer g&erat %Blaarrpl ifier U6-C inverts this

[From icie0 e S I0GESISE re 5 Figures 10-11:
Schedul ed '-135]].919] @Zqﬁa on 1 requgres_ gap

1nfqrmation for each magnet. The guide rail may be a

conventional 3/4 T raiil 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

th
€ sum of the front magnet gap G; and the back magnet gap

G, is
v & constant total g,. Therefore, once a measured

front-to~back gap G., is measured, and the frent maghet

gap Gy 1s determined, then the back magnet gap G, ¢an also

be determined knowing the constant total gap G
"

As with the side-to-side magnets, there is an offset
b
etween the front magnet gap and the position sensor gap.

Thi .
S offset must also be Physically measured and recorded

. -
as "offset". The Position sensor 110c measures and

pProvides 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.

Th i
e front magnet gap G; 1s determined using Equation

*df pREcE¥Somagpiegsal from the



Current Command Controller 400 Figure 10 shows an enbodi nent of the
invention in which the current conmand controller 200 has a position;
schedul ed current command controller 210/400, which may be inplenehfg@E£Rm3
har dware or software. The scope of the invention is not intended to be
limted to any particular enbodinment of the posit ion"schedul ed current
command controller 400, or whether itaps inplenented in hardware or
software, or a conbination thereof. In the enbodi nent shown in Figure 10,

t he position- scheduled current conmand controller 400 is inplenented in
software using a mcroprocessor architecture simlar to that shown in
Figure 6. In Figure lo, the position-scheduled current controller 210/400
responds td: tHd FOPYR Behdwnd signal Fd fromthe highest |evel control
(i.e., outer position and/or acceleration |oop) and the sensed gap signal
GM fed back froma -gap sensor 110 of the magnet pair of interest, and
uses Equation | to deter-m_ne and provide a position-schedul ed current
controll er signal as a curfPert SseomaffiseE t 6Eghedimgnet driver circuit

220. The - 8 DEC 2003 30 position-scheduled current controller 210/400 nust
determ ne the actual nmagnet gap signal Gfromthe sensed gap signal Gn as
di scussed aboveKné§iﬁ¢s€hdi$cussed above, the magnet driver circuit 220 is
known in the art ol ¢f eVat off WsiTHR Gin8ndi hraFonsbanhatotiedcgsped above
wi th respegt [ e n .o tion, the position-schedul ed current
comand gédht tﬁ%ﬁ%?%l%?ﬂo%b r"«ig TRES dtd S Sdvatd of $nalastd, and the
sensed gapsid@nale {@g. and generates a position- schedul ed current comand
controller as the current command Ic to the nagnet driver circuit 200,
using a technique that requires the current output of the magnet driver
circuit 220 to follow accurately the current

G =G -G (Eg. 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 configqured for either Front-To-Back or Side-To-

Side Operation by setting a jumper shown in Figure 9A to

either S/S for side-to-side or F/B for front-to-back, as

shown.

Side~to-Side Gaps:

The jumper is set to $/S for side-to-side position.

A Left Side Magnet Gap G.:

The operational amplifiers Ul-A and U1l-B process the

gap information for a left side magnet 150a in Figure 7



command signal |. The nethod for controlling may include the follow ng
steps: Step 1: Determ ne the magnet to energize Based on the sign of the
desired force request, one can deternmne the appropriate el ectronmagn@DEE 2003
energi ze. For exanple, a positive force indicates to energize the front
or right side nmagnet, while a negative force indicates to energize the back
or left side magnet. Step 2: Determ nedhe actual magnet gap Gm Deternm ne
fromthe nmeasured gap sensors what the actual magnet gap GVAC for the
specific magnet identified in Step 1. This position sensor processing
follows the 31 sane procedure as outlined in the prior discussion with
respect to‘g and 7 of the gap sensor processing algorithm Step 3:
Det ermi ne the nn%ﬂﬂtbﬁﬂr%nts for the magnets Based on steps (1) and (2),

determ ne the co ﬂ currents for all magnets using the idealized node

of Equation 1 an e TR 1By “ﬁ@rﬁ%&ﬁgrﬁﬁﬁetsmm isdigalailt ¥;_const ant
l.s, that i qggﬁe r oot Fa/y,,, * G_ Attached as Table 1 at the
end of the specr?r Tal 99 &4 & dda eficdrl vt e oposihei defschedul ed

current CQJ@T?@&; roI | er 210/ 400 Fi %ure 11 shows the position-schedul ed
current cormand control IS S9F0 468 iR EdiRalyi-on Thiet merlsaregdodieiton and

acceleraﬂrylégeﬂgg tr 300_c spondjng to reference nuneral 130 in
Figure 2, nagne %]Oqgrparllgoeﬂ Eb{ﬁ‘:g "%’ PbéF t3 oh BenkdrvdltOc in  Figure
8 and a mMagngin g i %?g} 7 har t he magnet . driver-circuit 200 in

Fi gure 10. lghod%ng o%ag'let% ﬁvéP ¢ Bild ipgderegpendsThe t he current

command srgmﬁgradfb anhi 1i#Q18S osi tion-schedul ed current command,
and provides a nagﬁet 5ﬁﬁbe?RS?g§§Ii g %a&n??gef§68m3556dpl

associated therewith that is adjusted to calibrate the
measured left side gap signal Gu,» S0 that the voltage at
test point node TP1 equals a Negative of the measured
offset between the positioen sensor and the magnet gap.
The output from the operational amplifier U1l-a represents
2 negative an actual left side magnet gap -G,.

The cperational amplifier Ui-a is configured as a

summing junction computing:

=1 * (Gmh + -Loﬁm)

where a left offset voltage L, is negative. 1In

addition, the operational amplifier Ui-A provides a
single pole lag filter having a capacitor €20 and a
resistor R2 with a breakpoint set at 30 Hz to reduce
noise. The operational amplifier Ul-B is a unity gain
inverting amplifjer. The output of the operational

amplifier Ul-B represents an actual left side magnet gap

Gh-



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
conparators 508, 510, which are simultaneously biased, lag filters S88FC 2003
514, amplifiers 516, 518, and nodes 520, 522 for feeding back |eft
front-to-back signals |I,b to the lag filters 512, 514. Figure 12: Figure

12 shows a graph of side-to-side AMG net performance used to derive the
Equation 1. In general, the tw different nagnet configurations of Figures
7 and 8 were tested in a testing rig that holds the nagnets a fixed

di stance froman elevator guide rail (reaction surface) in a static
relationship. A fixture was equi pped to neasure a force produced using

precision |load cell sy He et n%%ehg u§§ng Hal | effect sensors while
t he magnet was energi zed w ~—"The experinent was conducted

for gaps from Dgaratibaail lamBtess gnug_@lliqﬁ}qf increments and currents
fromO to 20 Amperes in 2 Arrmr]:%;greli ncr ement S oThe Fattd OGRS 4 VA8 and an

enpi ri cal imfdedimaofidrorfen: werSyat SYABERL R4 wa i v.ed hy curve
fitting. Figure 12 provides the graph oﬁ%é sg?ﬂg? gggﬁh{églg§9§§an t he

model of f7he Wdemiq étldadiain an 1capopCeeprasentd EGm)eaéu%%f ¢iljag Force

represents a force signal scaled in 33 wtons, F.,. represéents a

proporti osdrdiel wagorsitgnatl 6 and gis/ athdragietaco NG LAt g e. 0 for the
smal l er Front- To-Back Axis AMG Magnet and 45% forgyﬁe La?%%éigide-To- Si de

Axi s AMG KE@Retthe tighdpsddenpssatileni sefsber a8 ogonPeRsaAhagd &Y gat command
signal scaled in Anperes, and G ,c (also referred to as G,,,. above)

repr esent §2HETaGIEN disgyserdgapobe} weka appekeibagd anp1a ei@action
surface scaled in mllinmeters.
—-C has a potentiometer P2 that is adjusted to calibrate
the measured right side gap signal Gpns SO that the
voltage at a test point node TP2 equals the rniegative 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 Gaps:

The jumper is set to F/B for front-to-back position.

A_Front Magnet Gap G,:

The operational amplifiers Ul-A and U1-B procéss 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 Gup and is the voltage output directly
from the position sensor 110c. Calibratien by adjustment
of Pl is the same as for the left side magnet 150a

(Figure 7), as discussed above. The output from the

operational amplifier Ul1-B is an actual front magnet gap
G-



For a range of gaps between 2 to 10 mllinmeters and a range of nagnet
currents between 0 to 20 Anperes, wthin the rated force [imts of the

el ectromagnets, Equation 1 nodels the force generated within | ess t8dk( 2003
10t fromthe |oad cell neasured force. The plot in Figure 12 is for the
1300 Newt on Side-To-Side AMG magnet operating at a 6 mllinmeter air gap.
The asterisk "*" in Figure 12 indicat2s where the current neasurenents
were taken. Both of these cases are outside the nornal operating range
of, the system This estimation error using current and gap is conparable
to the error associated with the Hall effect sensor derived force

estimation. These fomcgag&rgginggg%ggqggnificant in active el evator
suspensi on systens that typrcally ‘outer feedback | oops (based on gap
sensi ng and/ or TReC@bekakigR §i£mﬁq : _ar his_inner force |oop.
34 SCOPe Of the Invention It will tﬁu% ‘%qggé% ?ﬁ%ﬂ”iﬂ% BbPeerE §2¢ forth

above, andgaposafagtatdpRAEEAta MR LRy A Cf%@guspﬁ(%cgiption, are
efficiently attained and, since certain changes nmay be nade in the above

const r uct i combi hhtiibn 8EPAGLATL rOMAd EGEAPER s L AVEN LoN, it is
intended that all matter contained in the above description of shown in

the acconphgiajrdniwi ngsFipatd Deprodersuetate aAsnidl UsiéRtiyengnd not in
alimting sense. It should be realized that the position and feedback
control | er$2R36, WO DfEqHadiivres 2 and 3], asegpegbiseel y, may take forns

ot her than indicated, e.g., according to a "learned-rail" approach shown
in US. 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. Qther applications include any
systemthat uses an el eft roffagnetoffser oduce @EGor&e across a large air
gap. The gA&ctron&gnet force may be either attractive or

G, = G - G (Eq. 5)

Substituting the actual front magnet gap G; from Equation
4 into Equation 5 yields:
G - G, = G, — offset

Solving for the actual back magnet gap G, yields:
Gy = —Gup + offset + G, (Eg. 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



repul sive. Specific applications are envisioned in the field of magnetic

|l evitation trains or shuttles, and nagnetic bearings. It is also to be
understood that the following clainms are intended to cover all of th8DEC 2003
generic and specific features of the invention herein described and al
statenents of the scope of the invention which, as a mtter of |anguage,

m ght be said to fall therebetween. - 5% DEC 2003 35 TABLE 1 36 FOR USE W TH
BORLANDC C++ or TC++ ". COWMPUTER PC .. MODULE PURPCSE: Program for data
acqui stion of' 16" single ended analog channels of data froma MtroBytc
DAS- 20 board and drive '6' channels of magnets using the DDAO6 Anal og

out put card. Second DDAO6 is used for diagnostic purposes. - UNPUBLI SHED

WORK m 157 | (o] y.37 Data to be acquired at user defined
rate usiﬁ%g$hgab%A§?§§%%rgé§§2§§ IEgetTﬁ%P?ETﬁﬁg've&§FOHU§E&GiF€§mdata

under progranygerhitQbnihe ki ; ed s synced ta e progranmable tiner
and all follomfng ChaRnelf&g¥§E%§ 2@9 ?n%gapag8F§E?§ %gﬁngaﬁ%Dﬁeﬂ menory
nmodel ~ Uses project file that includes TC ALLCC. C and DAS20CNi . L1113 .. ".

Copyright - United Technol ogi es Research Center .a.rr.r...... r
.............. The- opkkakional - : P ... "include
nal-amp iffer UélFb}ﬁ>Cb§F%gP688 as

<coni 0. h> include <stdio. h> #i nclude <st | Poc. h>
summing junction computing the actual back magnet gap G,
of Equation 6.
In addition, the operational amplifier Ul-C provides
a single pole lag filter having a capacitor €21 and a
resistor R1 with a breakpoint set at 30 Hz to reduce

noise. The operational amplifier Ul-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 Us.

For the given values of the proportionality constant
Kae 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 Kaue
would be adjusted accordingly by recalculating Equation 1
for the given data.

The AD534 multipliers U2z, Ul, U4 and U5 with the
following transfer function are used to divide the

measured current I__ by the actual magnet gap G__:
mag



i ncl ude <mat h. h> #i nci ude <dos.h> ii cirscrO getchO kbhit() 11 print!()
fopen() fclosc() sscanf() FILE 11 exit() 11 farcorlcft() farcalloc() 2003
farfrecO /1 sin() MPI fabso I/ delay extern int das20(int , int decqggg
CALL structure 'define BUFFERL 101 :ddefine BUFFER 10 define DAS_ADDR OX)
10 #deftne DDAOG ADDR 0X330 Rdcftne DDACB_ADDRl 0" 3,0 define

NUM _CHA. NFS 16 #def|ne CO VFI G CCEFS 26 'define CAL_COEFS 7 def'ine SS
STATE COEFS 40 'define SS_PIDMOOEFS 20 #efine SS LAG COEFS 40 'define SS
FLAG COEFS 40 define FB STATECCEFS 30 'define FB_PI DM COEFS 80 define
FB_LAGCOEFS SO #dcfine FB PLAG COEFS 40 ;define GLAG COEFS 80 1° 1/

DAS- 20 base address 11 DDAOGS base address 11 DDAOG -1 base address

1" O O O G G O O P S Y - 3 r* Ythﬁr Lr rer rrrerrra.a. . rrrr rror.
f.Ar.rrr GLOBAL VAR ABLES r. ¢ FOTRTEnER) T Ty ),
................... mwrr.r.r.. .rraar r.. r. r.rrrrr..r..rr rrr / int
Parans(161; int Flag;
W .
here X1, X2, Y1, Y2, 21, 22 represent the inputs for the

AD534 multipliers U2, U3, U4, Us.

By setting the X2, Y1 and z2 inputs to zero,
Equation 7 yields:

¥2 = -10 * Z1/X1  (Eq. 8)

As shown in Figure %A, the measured current signal

Ipas 15 fed into the zZ1 input and the actual magnet gap
signal G,, is fed into the X1 input, and the output

signal becomes:

=10 * I_,./G.,
The output signal from the ADS534 multiplier U2 is

fed into the aDs34 multiplier U4 to perform a squaring

functien.

(X1-X2) * (Y1-Y2) = 10 =* (21-22) (Eg. 7)

Setting the X2, Y2 and z2 inputs to zero and sending

the signal 10*1/G to both the X1 and Y1 inputs ylelds:

21= 2 i
1= 10 + Toe' /G2 (Equivalent with scaling to Eq. 1)



DEFINE FUNCTIOXJS ..o, - 8 DEC 2003
..................................................... 38 volt 1;ctTcli:u

void rcad oilll,S til(): wvoid rc:id Cal _tilO wvoid rc:ldIMs lil(). wvoid

rc.1d acC lil( void rcad ss stutc f | ($8void -read ssJP idm 3 Q void

rc.1d _ss lag C1(); void rcad ss plag fil(); void read (b staic r, 1()-,

void read fb pidmfil(); voidrcad fb lag GI(); void read fb plag filQ

void rcad-glag FIG void init_das2Q); void init_dda06(),, void

define_qucue() ; Th@i Kiosei bl | o f (¢ oid,ss_control (); void fb
PelH N H L LR e

control (); void ss_gap_filterQG voi gap_ t g outo-,

PROGR \ 4 .configured.to.square-their-input-signals.. The .

.................... w...”t.a.... .' main(void) register is
operational amplifier U6-A inverts the force estimate for
channel 1, and the operaticnal 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
operatiohal amplifier U6-B is also configured as a first
order lag filter having a capacitor €22 and a resistor
R23 with a breakpoint set to 300 Hz to reduce noise
without significant phase loss at 30 Hz. The operaticnal
amplifier U6~B also scales the output, as explained
below.

Equation 1 determines the force in Newtons for the
proportionality constant Kag ©f 100 or 425 for the two
different AMG magnets 160 shown in Figure 2. For a force
feedback loop, the Force in Newtons must be scaled to a
reasonable predetermined voltage range. Since the front-
to-back magnet Preduces on the order of 650 Newtons, a
reasonable output voltage might be 6.5 volts. TIn this
case, the pProportionality constant Ko Would become 1,
and the operational amplifier U6-B would be set to a gain
©f 1. The side-to-side magnet produces 1300 Newtons. If
the output is scaled to 6.5 volts, then the
proportionality constant Ko for the side-to-side magnet

would become 425/200 or 2.125. In this case, the



nt base; lilt tcnppos; int chans( " 1JM

[

I

loat ch 13; o aap arhtit! “°a-;ppi{;$qﬁj e at G & g @@p.mt | brf
Qat ch4 v, tIf_gap mm, tlf_gap_crr;

,rap_crr; 2fipet chdeVeph 1
float C115 - -y, tls gapor n{n gaﬁ"%’rlrl lem -Q:h@mgrtisrftrgap mm ,
v:; float ch9 v fl oat

trfgap_crrsighdDadnd hdry. g fl oat chi
ch 10 v; float ch 1;51\-/ VLCHSS i % fggvforﬂed@tstdmaltl@mprofde@ﬁorc“ 14 v;

signal from the force estimation processor 310 in Figure

I nt sanples_pc: _sec; int toggle; i

CHANS]; int g3ins[NU'i _CHANS]; in[ Icrnp_data(NUM CHANS]; i nt

| enp_chan_datt (MIM CHANS]; int nmap 1(BUFFER]; i nt - 6 DEC 2003
bl I b_ntagnet _cnd(BIl FFER]: int bss_magne cnrd(BUFFER]; int

tss_magnct _cnd] BLIJFFER]; int brt b_mabTQSt _cmd[ BIJFFEP, 1; iitl
tIlb_rnaguct _cnd] BUT=FER], ini trlb_n gnwt Cnld]I3UFFER] 39 unsil;iuod
lilt (lui:i_Jest_scl;. tluai Cur = 1012tta7. tloiu v (k)c = 2047.1111;
flilat kssb5.37. 11 14251 6''2(evW)I | | 1311(NV)j float klb =3 94, ||

[ bif gap_mt , blf gap_crr;

f

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 ip hardware or software. The scope of the
invention is not intended to be limited to any particular
embodiment of the position;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 comnand controller 400 is implemented
in software using a microprocessor architecture 51m11ar
to that shown in Figure s,

In Figqure 10, the Position-scheduled current
Controller 210/400 responds to the force command signal F,
from the highest level control (i.e., outer position
and/or acceleration loop) and the sensed gap signal G,
fed back from a .gap sensor 110 of the magnet pair of
interest, and uses Equation 1 to determine and provide a
Position-scheduled current controller signal as a current

command i
I. to the magnet driver circuit 220. The



float Ch I 5-v-, float confi zz(CONFI G CCEFS]- float blfb_Cal Con[CAL
COEFSj: float bls cal coeQCAL COEFSj: float brfb cal coefi CAL COEFS]

float brs cal COef[CAL COEFSj; float tllb_cal cocfl CAL_CCEFS : roﬁtB&CIBUI
cal _coegCAL _CCEFSj; float trio cal_cocf(CAL CCEFSI; float trs_cal

coeft CALCCEFSJ; float ss_state coefs[SS STATE COEFS]; float ss_pidm

coef s[ SS PIDNICCEFS] float ss lag_ coghs(SS LAG CCEFSJ float ss~lag

coef s{SS PLAG CCEFSj; float fb_statccocfs[FB STATE CCEFSJ float fb_idrn_
coefs(FB PIDM CCEFS]; float fb_lag coefs[FI3 LAG COEFS]; fl oat
fb_pIag_coefs(F$_PLAGLCCEFS]; fl oat gl ag_coefs(AAG CCEFSj; in( "dio-,

in( chi; int Ch2 lilt "chi, |ilt ch4 1lilt "clt5, IFLI lilt 1i7 40
rilit L1|5 &;1{ ;.onu *Cc111o0 I i It I 1 iiii ch 12. fiat "Ch 1l .i;
lilt lon scheduled current controller 210/400 must

determine the actual magnet gap signal G_, from the
sensed gap signal Gy, @s 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 commangd
controller 210/400 receives the force command signal F,,
and the sensed gap signal G,, and generates a position-
scheduled current command controller as the current
command I, tq the magnet driver circuit 200, using a
technique that requires the current ocutput of the magnet
driver circuit 220 to follow accurately the current

command signal I.. The method for contrelling 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 G,
Determine from the measured gap sensors what the
actual magnet gap Gay fOr the specific magnet identified

1n Step 1. This position sensor Processing follows the



i11[ *chl5; float 's5 cnid v; float fb_cmd__v; float '"filtcrcd_gaps; in

i t_ddat6(); clrscr(); 11 READ CONTROL CCEFFI Cl ENTS DATA FROM DI SK
rcad_config fil (&ortrg); read cal fil(&bl[fb_cal coef, &l s cal - 8 DEC 2003
coef, &rfbcat eoef, &rscal coef, &tlb cal coef,&ls cal coef,&rfb

cal _coef,&rs cal coef) read ss state fil(&ss_state_cocfs); read

ss pidmfil(&s read ss lag fll(&ss_ | ay eocfs), rcad ss plag fil(&ss_plag
cods); rcad |Ib state fjl (& b state coefs); rpad fb pidmfil (& b_idnt
-cods); read Ib tag fil(& b lag _cocf5); read (b-Plag_liil (& b _plag cods);
rcnd_gla; fil(&glag _caefs); satnptes_per sec = (lilt) config(0J;

i ni t_das20f3me pbetedhassagabnsy Lhads; Pidis) inp : : .
def i ne_qucue( chans, gai ns, NUM_CHANS) ; se€§g prior discussion with

bl ock_ti merespeqtshapFigupes semd 1 fod ' Q.= .

cal | oc( BUFFERL, si zeof (int))) = NULL) {tglre:“r?tafa(s%%ﬁé?%qcoecsaﬁli% menory

for CH AUNGI®Xibp: exit(-1); } if (((int ') ch |l =

cal | oc(BUFFERL, si zcof (int))) _= NULL) { prinU(' ERROR Al l ocating nenory for

CHANNEL ["); exit(-1 ); if (({lilt ") cl112 = call (x(EUFFERL, sizcaf(int)))

== NULL) l)rintéé'ERRpR Allocaiisig iiie,nary for CHA NrtEL 2"). ©c¢c,,k(-1).
mazﬁeié Determine the command currents for the

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 K., that is,

I. = square root (FalKoy) * Goug

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, 1504 in Figure 8, position sensor 110c 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



A1 rl i(ii++l ) cltti =10 illo (1)U -k ITRL, sizecut(irtit)}) == NUUL_[_)
hrintf ("ERROR Alloc;tlil1l9 ntctnor) for CHANNEL 3"); exit(-1); it' L( BE gn
64 = cal[oc(13WFERL, sizco((int))) _= NULL) pntttf ("ERROR Allocating ncno
for CHANNEL 4"); exit(-1); } if (((in( ") ch5 =

cal | oc( BUFFERL, si zeof (inQ) = NULL) ( prin[f ("ERROR Allocating nenory for
CHANNEL 5"), exit(-1); } if (((int -32ch6 = call oc(BUFFERL; sizeof(in[)))

= NULL) { print! ('ERROR Allocating nmenory for CHANNEL 6"); exit(-1); }

if (((in( -) ch7 = Call oc(BUFFERL, sizeof (int))) = NULL) { print! ("ERROR
Allocating menory for CHAD ', fEL 7"): exit(-1); if (((int ") chi =
calloc(BUFﬁ@ﬁL é@feo@(‘ﬁﬂ%ﬁ¥t£fN@@E) t%Opcpmphr@tERBOBOMIIdtmulng mcnon,

for CHANT L : tXIt% ; ((int ) ch9 = cal [ oc( BUFFERL, S|zeof(|nt)))
~ NULL) prl (ERRER A‘Ilit@é‘&ﬂuﬁ Y99 dt ol aGHANNEle T 512 ,eltd(- | ); i f

(((int hgfﬂ caI%%ﬁANﬁFFERL sizeof (int))) = NULL) { print! ("ERROR

AIIocatlngaﬁgnnrﬁefgr EE .| @y '“Ogﬁﬁtézﬁ) SR2 ifor( (feeding dlack | =

CallOC(B(JEF%@Lf§ %%Ofg %&)51gnaEs lm to the lag filters 512,

514.

Fiqure 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
pProvides the graph of a set of data tested using the

model of the derived Equation 1:
Force = K,, * (I./G,)?

where the Force represents a force signal scaled in



print[("ERROR Allocating nenory for CHANNEL | 1-), cxi* ); } if'(((int )
c[t12 = call oC(BUFFERL, si zeoF(int))) = NULL) { printf ("ERROR All og%tﬁﬂ:gzm
menory for CHANNEL 12"); exit(-1); } if Mnt ) cltl3

=Cal | oc([ UFFERL, si zcof (int))) = [MJL) { print! ("ERROR Allocating ruenory
fur CHANNNNL-1:. 13")-. 42 if Mn( ) cli 1 4 = cal[ac{l3UFFERL, si;xaf(int)p
NULL) { printf (TERROR Allotting nicrdd®nv for CHANNEL 14"), exit(- 1). }
if (((int ") ch 15 = calloc(BIJFFERL, sizeof (ilit))) _= NULL) { printf
("ERROR All ocating menory for CHANNEL 15"); exit(-1); } i

| f
d t = JC al| 2° NUM CHANS, &d t = 65535 1t(-1
it (et KR EbanERrp PRy Por E40Ra P TRy reST A ang ooy & 71 (Y
|1 2, S4; . printf ("ERROR Al ' f SS
Dy - R e dor drak 185 Ti0b 555 e pRaeL 8P aFZEBR(T oat))) =
NULL j ' BRRQR ' V-) if '
fi|tércé_3§t§k§“éa||oc8§k£?% o%??ﬁggp??¥ %ggNgﬁﬁf%%%Pﬁ%fg&dEQ IntAJ)Iocating

menionv f @i e LABERFRAMEARR gret ) €Xhl(dplasents a desired force

compensated current command signal scaled in Amperes, and
Gy (2lso 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
10% 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.



} /1 BLOCK SCAN FOR DATA Parans[0]=2; // Nunmber of tinmes thru queue

Parans[ 1 j=dma_actual se;; Pointer to address for data Parans(2]=2; //
Internal trigger no gate Paranms[31-0; // Recycle Flag = das20(27, Paf 8663003
if (Flag '=0) If Error if flag not O { printf( \nNlode.27: Error in cal
to block scan. Fla; %ln', Flag); exit(- i ); } toggle=1 ; Dbase; i=0;
do' ( //WAIT FOR COVPLETI ONOF SI NGLE $#EUE PASS 43 do { if (tFbg =
das2Q(l 2. Par:iins)) I=t)) printf ("~jtlt Mdde 12: Error nonitoring
coincrsiow, Flag=";t,d", Flab); printf("Inlt Conversion %", Paranls(2j);
exit(- | ); }while (Params(21 != NUMCHANS - toggle); 1/ Wait for AID
conversions //S$E2E TONERI S HIGNO TEMPORARY ARRAY Par ans( G =NUM_CHANS;
1/ Nunber of chﬁgnelf Parat s(1l=dma_actual seg; /1 Pointer to address for
data Paranms(2]Shagbll 1¥04% fReSefduidss fthe sdestsd@et forth

Par ans( 3] =of fadr(te ta); //Wiere to t data
Par am;g4} :af)i?%%’r gi%gngéb%%%_“&?ﬁea)wpﬂr\ﬁﬁgjérw fdte BFaaRdinfata  Paranms[ 5] =1;

/1" Bi pol ardé@érai[ﬁ?{@l{,nséxﬁé :eoff i]Z:/ien 1§S§t%ai|;|e a:rxdqai%.%(c]és’ceiatraainr?) !

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.gq., according to a
"learned-rail™ approach shown in U.S. Serial No.
08/252,660, as well as that disclosed in U.S. Patent Nos.
5,294,757; 5,304,751 and 5,308,933.

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.



if (Flag !=0) /1 Error if flat, not O printf(-%\1 Mdc 13: Error
Rctrcivitig data formnenory. Flae=%'\n-, Flag); cxi t(-1); } //MAD
TEMPORARY ARRAY i NTO FI NAL ARRAYS (chO+i) = tenp_d2t3(0]; *(chil+i) =8 DELHI03
data[1l]; *(ch2+i) = tenpdata(2]; *(ch3+i) =tenp _d=(3]; (ch4+i) =
tenp_data(4]; *(ch5+i) - tcnp_dat2(5], "(ch6+i) = tenpdata(6l; "(ch7+i)
= tenp data(71; *(ch3+i) = tenp data 7 *(ch9+i) = tenp_data(9J;
*(chl0+i) = tenp data(l01; (ch 11+i) = tenpdata(l1ll ]J; (ch 12+i) =
tenp_data] 121; (chl13+i) = tenp datall3l; *(Ch 1440 = tenp _~data(141;
(ch 15+i) = tenp data(l1l5 j; /" Generate Square Wave to check Ti m ng. Wave
wll he HGH (5V) for 1l/sanples _pcr_sec and LONfor |I/;Inplc;~c r_Sec. |I.E
Square Wavc will be 112 Sanple Rate Frcquenc .. -/ 44 irr:,11ljij [1J |
|,-gl;1c //FIRST LI NEARI ZE AND NORMALI ZE TIE GAP SENSORS. chOv = c_to %
((chf)+i)): blf gpp_mm = cliOv ClrO_v - chO_v chO_v bllb cal coel1U +
Chov ' cltOv Cho -V blfb cal cocal 1 1 chOv chOv bllb
cal _coc:f(2] + chO_v - bllb _calcocg3] +

TABLE 1



blfb cal cocfj4] + 0.5 bllb_cal cocg5] ; blf_gap _crr = blf gap_mm- 0.5
blfb_ca! cocf15j; ch . v =c_tov - (-. (ch 1+i)); bls _gap_nm= chl_v
*Cl11 v - chly - chl v bls Calcoegd + chi v chl_v - chl _v bls cal DEC 2003
cocfjl] + ch Ev chl v bls cal cocfz2] + ch. I _v bls_cai_coef[31 +
bl's c3l _Coef]4] ; ch2 v = Cto % ('(gd12+i)). brf_gap_rtvn = ch2_v ' ch2
v ch2Tv ch2 v - brit ¢ | cocfoj chZ v ch2v - ch2 v brfb ctl' cocf[IIl +
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 nm- 0,5 -

brfb_cal_coeg5]; chi v = c to_v - ('(Ch3+i)); brs_gap_mm= ch3_v ch3_v
ch3 v - ch3 v - brs Cal coefjOl + chi v ch3 v chi v brs cal cecf[ | |J +
chi v - ch3 v brs cal cocft2] + ch3_v - brs cal _coefj3] + brs cal_coeg4]
chd_v . =c_tov (-(ch4+i)); of gap_nm= chit v ' cha_v ch4 v - ch4_v
tlfb_cal _coclO] + chi v ch.,v - chl v * tifb cal coef'(l ] + Chov Cl
14-V tllb cal cocfi2] + .Chl v Ufb cal'coef]3] + 11(b cal coclz4 j +

0.5 11lb cal _cocll5 ill gap crr = 11f_bap _nrni - 0.5 " Illb_c:Il _cocl]5j;
45 clti_~ =c log,," ((~1ti=i11. Ili_galt_ntcn = dti,~ chi ti cl~i_t

k:113 v . 111 cal *c80R UBE T B3&LANDC €Lt PTe.s CI i _~ (Is cal Coeq | I .

chi v . cli5|IIl;tal co f]2] t

** COMPUTER: PC

** MODULE PURPOSE: Program for

-e

daia acquistion of " 16" single ended
anfa!og channels of data from a MetroByte DAS-20 board and
drive "6" channels of magnels using the DDAGG Analog output
card. Second DDAOS is used [or diagnostic purposes. '

L x|

- UNPUBLISHED WORK -
© 1996 Otis Elevator Company



c115t- - Ils_calcocl13] + |Ils cai_cucf]4[ : ch6_v = c_to_v * ((ch6+i));
trf_,gap_mm= ch6-v chév chGv ' Ch6 v tdb cal Cocfj0] + ch6 %__chBCE_[:le][13
chGv trfb cal cocf[I] + ch6-v chGv ' trfb cal cocl21 + chGv -8
trib_Cai _cocl 3J + Irlb cal coclj4] +_ 0.5 * trfb_cal_cocf[5] trf gap_err =
trf gap_nm- 0.5 - trfb cal coeg5j; cB7 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->' ° tr_s cal coeg2 + ch7_v trs_cal cocf[3] +
trs cal _coc(14] 11lJSen:dx@m-uumrmeandnzneld;uGaps-.uf.Lor D agnosti c Purposes
tenppos = ("h[) v_t &26-20podrfupple@nis, Thianaloguout 44, t cnppos) ; terrppos =
(int) v_to-¢ - brf_ﬁ'a{semraam Qreallogirgybineg 8 syie@nppos) ; tenppos = (in[) v_to
c ' tif_gap_crr S IPEg By 1 Aplathayns C!\E‘wﬁpasﬂk&"(l nt) v.tac _
trfgap_err, _anal og”tﬂU‘t"l“(‘b tenppos); 11 Zero Q(Tset on ACCELEROVETERS i f
(ice) ( beb cal fb[\ =C t vV ( (ch3+|)) bIS cal cocf[G = c_to_v_
(* (ch9+|)) p} o °|?|’ C V.. é& h tllb_cal _cocf[@ = ¢
to v.' (' (ghl S‘i‘ﬂ"jcf‘ “ i Mot %&%PSJ WP «?C'*"(L(”éhlzﬂ))

hSv = (c.lov (ich3+0)) - bllb cal
E:E)]::]?[_(r:al C(i(igf(z’efly"g] %"%CdT‘(‘“f"m(gﬁ]%g&%’fh ‘Y€1) . bls_cal cocfp I.

LA E R L R L L R YR P L] .l------.t-c-‘---.-.-lootttIcI--“lt-C‘ll-lI-'-lI

#include <conio > I cleser() getch() kbhit()

#include <sidio.h> /f peind() fopen() felose() sscanf() FILE
#include <stdlib.h> I exilQ)

#include <alloc.h> i farcorlefi() farcalloc() farfree()
#include <math.h> # sin() M_PI fabsQ

#include <dos.h> /! delay

extern int das20(int,int *), // declare CALL structure

#define BUFFERL 101

#define BUFFER G

#define DAS_ADDR  0X3!0 11 DAS-20 base address .
#define DDAOG - ADDR  0X330 # DDAOG base address
#define DDAOG_ADDRI 0X340 1/ DDAOG -1 basc address

#define NUM_CHANS 16
#define CONFIG_COEFS 15
#define CAL_COEFS 7
#define SS_STATE_COEFS 40
#define SS_PIDM_COEFS 20
wdefine SS_LAG_COEFS 40
#define SS_PLAG_COEFS 40
wdefine FB_STATE_COEFS $0
#efine FB_PIDM_COEFS 80
fdefine FB_LAG_COEFS 80
#define FB_PLAG_COEFS 40
wdefine GLAG_COEFS 30

/-

W NS EAR M A G AN S UR Y s ana LR R RSN T EE R T T P S PR P LA LTI -

GLOBAL VARIABLES

~/

int Params{16];
ine Flag;

int Mode;

LA L L L L L Y P Y R R SRR R Y )

--------------------------------------------------

DEFIME FUNCTIONS

AR R R S A L R RN NN NN NN IR N R R g danw



chlrl v =(ctov ((ch 10fii))) . brfb cal coctg(-,f, Il 1_V = (c_tO_ %
((ciil 1 +i))) - t(th Ca!_coct]f,1: 46 L LIl t'II | s t. lii ,

(*1thl!.rr1l1 -t1% % .211 cu~l 11" 1. I,. 1-) ,v (( ', 01 ;. M - 1rF-I6DEC 2003
c:ll _ccklji'i, I-cit tilde hturlINl{It,IrI . I1Jdc ~, ilb5crrll,~to
t:]riurgey In 1) 13G hls ~":lls err "qfl)li,~rl)_mm- brs_al),I~iril)l:
bl5 gal ~ urr, 115 g:p-crr (tIs b:rl),Touu - 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 BRI G coclS, ss_pidrft coeff,
SS Iag cocf’s, ss pI ag_cocfs,i). //CALL FRONT TO BACK PI D CONTROLLER
fb_control (‘PH_@‘m}"\V‘ 'f'ulgap err, brfgaperr, O gap_crr,trf_,gap_crr,

chS v, ch 10° ef'feyg @t 13 v, fb slate cocfSA pidm cods fb | ag_eocfs,
fb_plaa_caeP¥ SMIHOF] L TER GAP READI NGS TO COMPUTE CURRENT CONTROL
ss_gapfi l tc"r"[;f ' -é’F’cb“Caps bls_sap_ntmbrssap_nm its6antmlrsr;apnm old;
cods.i); t%B r(tfl Rcrcdul aps, blf elp_,, mbrf enp ntii. 11f
np_:nrtt, t"rofd Tshf‘r‘r‘l" )_ég co~fs.i); bls.gap_nttn = (filtercd g;tps+U).
brs_gap_mm'2 d ﬁ l[éiaps+l ); tis_gap_mm= ( filtcred_gaps+2);

trs_gap_nt r"ﬁ' 31‘? aéfﬁf | bif gnp_mt = '(filtcrcd 41ps+4); brf_gap mm =
(f| | tered 3%p %:}); state [())t | f _gap_mm = (nccrcd_gaps+@; Il trf_gnp_nm

= (fl|tCI’Cdv P 5 picm, 610

void' read_fb_lag_fil();
void rcad__fb_p!ng_ﬁl();'
void read_glag_fil();
void init_das20();

void init_dda0s();
void define_gueue():
vaid set_block _timer_[req();
void ss_control();

vaid fb_control(};

void ss5_gap_filter();
void fb_gap_filter():
void analog_out();
void analog_out1();

-------
b R L L T N N B e LA R L ELELER Y NI EERELEE TR ER WYY T LELEEE TR L EY]

MAIN PROGRAM

fdusuawE LA R AN FEF¥FI LER Y B I A E R N FENE N NN} EEE s TAI AN EE YO EEwE
-

{

main(void)

{
regisier i

int samples_per_sex;
int toggle;

int base:

int temppos:

int chans{NUN_CHANS]:

int gains(NUM_CHANS];

it temp_data[NUM_CHANS];
Em temp_chan_dati[NUM_CHANS|;
int mapl[BUFFER];

int blfb_magnet_emd{BUFFER):
inl bss_magne:_cnid(BUFFER|:
nLLss_magnet_cmd{BUFFER];
int beth_magnet_cmd{BUFFER.]:
il Uth_mageel_emd(BUFFER|;
ol b _magnet_cmid[BUFFER|:



| / ADD | NJECTED FORCE SI GNAL TO CLOSED LOOP FORCE COWAND ch14 v ((ch

| a+i))- 1/diagnostic for force injection (ss_cnd v (ss_cnd v ) + ch 14 % -
config[ 111;. (ss_cnmd v+l) = (s5 clild tiv+l) + chl4 v (ss_cnnd_v¥18UE%&MB
14 v coltfo[ 141: cortfig[ 141: (Ib_cmd v ) = -.(Ib ctud_v ) + ch 14_v
config[ 101. (Ib_crud v+1) - -(Ib dnd tv*1l) +chll v co g[ 121;. (lh_cl
Id-v+2) = (fb_cnrd v-+? + ch - nfi (fPElIr~l v+3 - ) Il v canto[l31, ) =
((b-c 1% /+3) + chll v conlg[ 151. 47 IAP | ~l:rrt-~ttn _ t/3. (s_c
atul,v} = (ss curd ~1 "' st;crt_g~in; (is Cncd_v{l) ="(5S cnmd vi |

‘start gai n;"'SEBTERLE WY1 b cnzd_ti) -start~ain; (tb_cntd_v+1) = (fb
cned v+1)  SPEFPEY UBPRLIS RED cind_v+2) = (Ib cnd v+2) start _gain ;
1(Ib_and_v+§pi (Ib cntd v+3) start _gain; .! SIDE TO S| DE CURRENT CONTROL

[0 Vv 5

ss_ctnd v ig Tie’vo] J'<"Bhui val ent for Force in newtons. The conversion is
130 NA' . .!fﬁggﬁpﬁﬁ.}_h h ss cmd v ) <0) Il Use right hand side magnet
(ss_cmi_v ) = 4k " 1oL I%ér,r@’vj%);ﬂ’}‘é@‘?tvﬁh_v ) _-1.2 . fabs(brs_gap_nm
sgqrt( ~(ss c n v)/'ss?: el &' "% VHand si de magnet (ss cind v j = 1.2

- fabs(bl's tloat ¢hO_v, bl _gap_mm , bif_gap_crr;
float chl_v, bls_gap_mm , bls_gap_crr;
float ¢h2_v, brf_gap_mm , brf_gap_err;
float ch3_v, brs_gap_mm ;
float chd_v, Uf. gap_mm , df_gap_crr;
float chS_v, s_gap_mm , Us_gap_err;
float ¢hé _v, trf_gap_mm , uf_gap_err;
float ¢h7_v, trs_gap_mm ;
float ch3_v;
loat ch9_v,
fleat ch10_v,
floatchll_v,
float chi2_v;
float chil_v,
foat chld v,
float chi5_wv,

foat configf CONFIG_COEFS|;

Noat bifb_cal_coelCAL_COEFS]:
float bls_cal_coef|CAL_COEFS]:
Noat brfb_cal_coef]CAL_COEFS;
float brs_cal_coef[CAL_COEFS):
float tfb_cal_coef[CAL_COEFS);
float Us_cal_coef{CAL_COEFS]:
floal ufb_cai_coef[CAL_COEFS]:
float urs_cal_coef[CAL_COEFS];

float ss_state_coefs{SS_STATE_COEFS];
float ss_pidm_coefs{SS_PIDM_COEFS];
float ss_lag_coefs{SS_LAG_COEFS);
float ss_plag_coefs[SS_PLAG_COEFS];
float Mo_state_coefs(FB_STATE_COEFS]:
float fb_pidm_coefs[FB_PIDM_COEFS]:
float fb_lag_coefs(FB_LAG_COEFS]:
flaat b _plag_cocfs[FB__PLAG_COEFS]:
foat glag_coefs{GLAG_COEFS];

inl “chQ:
inl "chl:
int *ch2;
int "ch3,
mt *chd:
i *chs,
1w *cha,

i *ch7,



_gap m_m ''sgn('(ss cord v)/kssy !'1 Top, if ( "(ss crtid_v+1) <tl) !/ Use
ri ght hand side magnet (ss cntd v+1) = -1 ("(SS cnd v+1) ); '(ss_cnd v+l) -
-1.27 fabs(trsoap_mm'sgrt('(ss_cmd v+1)/kss). else 11 U1l f ( } c-hpppr 2003
stdc magnet '(ss_cnmd _v+i) = 1.27 fabs(tls eap_nrrt) ' sgrt(
‘(sscrmd_v+1) 1 kss); / FRONT TO BACK CURRENT CONTROL tb _crnd v is the volts
equi val ent for Force in newtons. The 46nversionis 65 NV / !! Bottom
Left if ( "((b_cmd_v ) <0) Usc Back Magnet (Ib cnd v ) = ('"(lb cnmd_v ));
((bcmd_v ) = -1 - (bl(b__cal _cocgSj -blf .gap,mm- conrgj 11)
t("(1b,cngd-My)/klb); clsc /! Usc Front Magnet (111_C11101_t ) =1 '

~ f _gap; nupf -9 C01169j 2)) 48 "t'"'r til~ Vin,,! vilrk~1)-. 1/ J )thHn I'1l[;
If ( (th-glbat@l _i+ Dack latnel (Ib tiud_v 1) =-1 (-(lb cind_v+l) ):
b_cmd_v+l )y =n11:l - (brib_c:il coclj5 1 - brf_gap_mm- config[31) sgrt(
bentd v+l ) ktd)i el se 1/ Use Front Magnet (lb cnd v+ |) =1 -
brf_gap_ntmuw ~@onfig(4 sgrt( (lb_cmd v+l )Afb); // Top Left if (-(lb_ctnd
+2) <0 ) /1 ubs@1Back Magnet -(fb cnd_v+2) _ -1 (((b_cmd_v+2) );

g *chls:

sgr
(1~
hi
(I
(I
(
\Y

foat *ss_cmd_v;
Noat *fb_cmd_v;
float *filtered_gaps;
init_ddal6();

clescr();

/f READ CONTROL COEFFICIENTS DATA FROM DISK

read_config_fil(&conlig);

read_cal_{il(&blib_cal_coefl,&bls_cal_coef,&brfb _cal_coef,&brs_cal_coef,
&ulfb_cal_coef, &1ls_cal_coef, &trib _cal_coef, &trs_cal coct)

reac_ss_state_fil(&ss_staic_coefs);
read_ss_pidm_fil{&ss_pidm_coefs);
read _ss_lag_fil(&ss_lag_cocfs):
rend_ss_plag_fil{&ss_plag_coels);
read_fb_state_fil(&Mb_state_coefs);
read_fo_pidm_fil(&fb_pidm_cocfs);
read_fb_lag fil(&b_lag_coefs);
read_(b_plag fi{&{b_plag coefs),
read_giag_fil{&glag_ccels);

samples_per_sec = (int) config{C};

init_das20();
get_chans_gains{chans, gains);
define_queue(chans,gains, NUM_CHANS);
set_block_timer_freq(samples_per_sec);

I {{(int *) chQ = calloc(BUFFERL sizeof(int))) == NULL)
{
printd ("ERROR Allocating memary for CHANNEL 0");
exit(-1);
)

if (((int *) chl = calloc(BUFFERL sizeof(int))) == NULL)
{

priad ("ERROR Allecating memory for CHANNEL 17,
exit(-1);
)
i {CQn =) eh2 = calloe(BUFFERL sizeof(int))) == MULL)
{

primtl " ERRQR Allocating memary for CHANNMEL )
canl-1),



Mn -(fb cntd_v+2) = -1 (tlfb I coeq5 - tIf_ u
else 1/ Use Front Magnet { Ob cntd v+2) =L ' (tlf

-(Ib cmd v+2)/k!b); - conf g(51) //Top Ri ght if( (I'b_ca)d v#3) <0 UQPDE?ﬂKS
Magnet -(fb ctnd_v+3) _ -L - (-(fb cnd v+3) (fb_ctud_v+3) -
(trfbcal cacf(5 - trf_gap_ntnt - confhg(Yl) } sqt( (10_caid v+3)/k|b)
el se Use Front Magnet } (Ib_cntd v+3) - (trf_gap mm - configZ$l) -
sgrt( -((b_cnd_v+3)/k b); bifb_nagnct cnﬂ(lj = (int)vtoc ((Ilbcmd v));
bss maanet _cntd(ii (int)v toc ("(ss cnd_v)); brfb_magnct_cmd[i[ _
(iut)v_toc -% (- ((bcndv+L t11b maane[ cnd[i) (;,mvitoc (-(fb
emd_v+2)); 'E§§"‘rm\ah‘c1w&ﬁﬂl(qJ!RL(srfmrgnnmtwuu L (" cmd_v+1)):
trfb_magnct éﬁécRﬁéﬁﬂ v_tn c ((fbcndv+3)): //Send C ci+irol Qlp,)t5 tv

p sgrt(' ((b cmd v+2)/klb);
| fjap_mm -confg(6j) sqrt(

I\1.1) n,a Dr!"v‘ I|oEige Yoy O @JANNBLITY | a) ~uct , cnut (i ~) 49
a+stlug_o+rt (P n+aynct~cn+d|+|} ahal ug_out (2, hrlb_i ngnet _cn+dlil);
UEll ug_a+i ~t Hfm gﬂqtabnet cnﬁé{ 91l | u5_out (~, 1ss ntagnt: | _crd(+l),
attal og_oul (51" e Pt UE FHE SR e t csz signal's to the DA for
test purpose pn&ﬁ(éﬂﬁﬂdﬂﬁ out (4, map_ | AAJ) /{ timng ''"WAIT FOR NEXT

Tocaun;, mémory for C
TRI GGER do exit(-1);
}
il (((int *} ch5 = calloc(BUFFERL, sizeol{int)}) == NULL)
¢
prinif ("ERROR Aliocating memory for CHANNEL 5");
exit(-1);
}
i {{(int *}ché = @alloc(BUFFERL sizeof(int))) = NULL)
{
printf ("ERROR Allocating memory for CHANNEL 6 )
exit(-1);
i
if (((int *) ch7 = calloc(BUFFERL sizeof(int))) == NULL)
{
print{ ("ERROR Allocating memory for CHANNEL 7* ):
exit(-1);

ir(((im ") ¢h8 = calloc(BUFFERL sizeof(int))) == NULL)
{

prind ("ERROQR Allocating memory for CHANNEL §- ¥

exit(-1);
]
if (({int *) chd = Calloc(BUFFERL sizeol(int))) == NULL)
{
printf ("ERROR Allocating memory for CHANNEL 9™y
o exit(-1), ’
)
L {{(int*) chlo = m[loc(BUFFERL.sizeof(im))) = NULL)
{
prind ("ERROR Allocating memary for CHANNEL 107);
exit(-1); .

}

i{f ({{int *) chl1 = calloc(BUFFERL sizeof{(int))) = NULL}
prind ("ERROR Allocating memory for CHANNEL {17);
exit(-1); ‘

}

(it %) chl2 = callog(BUFFERL sizeof(ing))) == NULL)
{
print ("ERROR Allocating memory for CHANNEL 12° ¥
exit(-1}; '

i
ir (((int *)} chi3 = calloc(BUFFERL sizcoftini))) == MULL)
{

printf ("ERROR Altocaling memary fur CHANNEL 137



if ((Flag = das20(12, Parains)) !'=0O ( printf ("\nlt Mde 12: Error

nmoni toring conversions. Flag %', Flag); printf ("Inlt Conversion

%', Parans(21); exit{-1); )while (Paranms(2l - NUtvt CHANStogol e); B“%t%%}
for trigger if (toggle=l) togglc~;, base=NUM CHANS; } else toggle !
base-0; } i=1; )wtile(lkbhit()); N STOP DVA OPERATION Y ((Flag =
das2Q( 11, Par3ns)) !'=0) ( printf ("\nlg,Mode | | :Error stopping DVA
Flag-=%",Flag); exit(- 1).. } 11 ZERO ALL ANALOG QUTPUTS init dda0s();

TC frce(dmaactual scg); free (Chit)) free (ch h); lice (cat2). -8DEC2003

50 frcc (LIr3): rrcc (clii); rrcc (chs); rrcc (chi')): rrec.(ch7);
exitf-1y;

)
iF((Cint *) eh14 = calloc(BUFFERL sizeaf(int))) == NULL)
{ |

print ("ERROR Allocating memory for CHANNEL 147 R
exit{-1);

)
if (((int *) chl5 = calloc(BUFFERL sizeof(int))) == NULL)
{

printf ("ERROR Allocaling memory for CHANNEL 15~ )
exit(-1);

}

i{f ((dma_aciual_sep = TC_alloc(2*NUM_CHANS, &dma_dest_seg)) == §5535)

printf ("n\t Cannot Allocate Buffer”):

exitf-1);

}

if (((int *} ss_cmd_v = calloc(2, sizeof(float))) == NULL)

{
pnnu’ ("ERROR Allecating memory for $S _CMD_Vv=y,
exit{-1);

b

if (((int *) fo_¢md_v = calloc(4, sizeof{float))) == NULL)

{
printf ("ERROR Allocating memory for FE _CMD_v~y,
exit(-1);

H

l{f(((:nn *) filtered_gaps = callox(s, sizeof{floar))) == NULL)-
printf ("ERROR Allocating memory for FILTERED GAPS™):
exit(-1);

}

// BLOCK SCAN FOR DATA

Params([0]=2; #/ Number of times thru queuc

Params(1]=dma_actual _seg, /! Pointer to address for data

Params([2]=2; /f Tnternal trigger no gate

Params[3]=0; /f Recycle

Flag = das20(27, Params);

{ if (Flag '=0) { Error if flag not 0
prind{("\nMode.27; Error in cail 10 block scan. Flag=%d\n*, Flag);
exit(-1); .

}

toggle={;

base=0;

=), -

do’

{

HIWAIT FOR COMPLETION-OF SINGLE QUCUL PASS



frcc (chs); frcc (clh9); ; frcc (cl1110) free (ch 11): free (ch 12);

free (chl3); } return; r. *0 aaate0 .*a0 a*..”a.rr*....rr5.0

..aad.r*6s..a.0 **** O.F..... * ab* at.*.. GET CHANS GAINS: GETS CHANNBLOEC 2003
AND GAI N DEFI NI TI ON- FOR SCAN QUEUE ewew ~war.r*r.r.*.war
r...fer.*ar..rrwr.a....... a. r..... *oo*s.s.ao ... a. .r void

get _chans_gai ns(chans, gains) int changg]; int pains(]; ( int: i; for (iO;

I <NUM CHANS; i++) { chans[i] gains[ij =1; } } return; /' ...wa
............. S T < 2 S S <T- S GPRPRI - BIAY-

READ CONFI G FI LE:, READS CONFI GURATI ON DATA FROM DI SK .

?” as...a. wewrr ar.ar..r. void
rcad-coftfi,gjil(rnapl) float emapl; intj=20: float Lcnp_dana | ; char
in linc[ 13]; FI gEFBai‘—“ﬂjlsw(IE.P::r:uns)J =0y
\

prind’ ("t Made 12 Error monitoring conversions. Flag=444",
. Flag);
printd (Mt Conversion Yeu" Paranis[2]);
exit(-1);
R
hwhile (Params{2] 1= NUM_CHANS * ogale): # Wait for A/D conversions

/I READ CONVERSIONS INTO TEMPORARY ARRAY

Params(0]=NUM_CHANS; // Number of channels
Fara_nu(})]=dma_actual_scg: /f Pointer to address for data
Params{2]=base: {1 Offset address for source data

Params[BI"—oﬂ'adr(lcmp_dam); /f Where to put data
Params[4]=offadr(lcmp_chan_dma);ﬂ Where to put channel data

Params(5]=1: /f Bipolar data
Params(6]=0; #f No SSH-4
!—'!ag = das20(13, Params);
:{f(Flag 1=0) /! Error if Mag not 0
primf("\:;:\[L Mode 13: Error Retrcivinig daw form memory, Flag=%din”
ag, T .
exit(-1);

}

//READ TEMPORARY ARRAY INTO FINAL ARRAYS

*(chQ+i) = temp_data(0];
*{chl+i) = temp_dawafl];
*{ch2+i) = lemp_data(2];
*(ch3+{) = temnp_dau(3];
*(cha+i) = temp_dataf4]:
*{ch5+) = temp_data(3];
*{ché+i) = temp_dawa[g];
“{eh7+D) =temp_data[7};
*({ch8+i) = lemp_dataf8];
*(ch9+i) =temp_dawl[9):
*(chlQ+) = temp_dawa[10];
“(chll+i) = temp_daw(l1];
*(chlZ+i) = temp_dawa[l2];
“(chid+) = temp_dataf13];
*{chld+i) = lemp_dara{ 14];
"(Ch15+i) = temp_data(15];

! chm:ralc Squarc Wave to check Ti nung, Wave will be HIGH (5V)
Pr l/smnplc:__pcr_scc and LQW for I/samples_per sec 1LE

Square Wave will be 112 Sample Rale Frequeney,

t/ o



50 il (( d. c.~=1link n ("~:nft;Likl plat ...1")) -= ~NJlIj. 1 lrnntt
["Inlt I ¢c.Nt (-1 ): RR)R!} Could not opcn d.11.1 fitC|[_,rE C LOE)
.D,1"INn"). for (i=t); i =CONF)G.CO FS; +. +i) if (frets (in_linc. j-g@#8aL a3
= NU L) printf ("W ERROR READI NG C WGCOEF. DAT !''"); printf ("W Could not
read line % 1n-j+ j); exit (-1); if(ssranf (inline, &cnp data I) != 1)
printf ("Inlt ERROR READI NG CNFGCCEF. )y printf ("\nlt Wong formt
for line /,d-1n",i+l); exit (-1); mapl[il= tcnp_datil. fclosc(data).

return: }

READ CAL_FI &8 'READS "SENSOR CALI BRATI ON DATA FROM DI SK

............... r.rrrrar.rrr....aa.r.r.............ra.rrrrarr........ .f
void read cal_fil Qmag | . map2. map] float emapl map4, map5, map5, map7, map3)
f1oat magfSTHIYEM Hifad? NORYIOHEE anapar séhsomts rrnap5; float map6; float
amap7; fl o‘% *maps; ( int j=150; POW'tenp, dal ai;

v = c_to_v " (*{chi+iy);
bIf_gap_mm =ch0_v *ch0_v* ¢hQ_v = ch0_v * blib_cal_coei]0] +
ch0_v *ch0_v*chO vy *bib_cal_coell] +
chO_v * ch0_v * bifb_cal_coef{2] +
chO_v * bifb_cal_coef[3] +
blfb_cal_coef[4] +
0.5 bilb_cal_coef]5) ;

bif_gap_err = bif_gap mm-0.5+ blfb_cal_coef{5;

chl_v =C_to_v " (*(chl+i))
bls_gap_mm =chl_v * chl_v=*chl_v=chl v*bis cal coefl0] +
chl_v *chl_vechl v  *bls_cal_coel[l] +
chl_v *chl v * bis_cal_coef]2] +
chl_v “ bls_cal_coef[3] + B

bls_cal_coef]4) ;

ch? v = _to_v * ("(ch2+));
brf_gap_inm =ch2 v = ¢h2_v *ch_v < ch2 v * brib cal cocf{0f +
ch2v *ch2 ve=ch2v  *beb_cal coof[l] +
chl_v *ch2 « . br{b_cal- cogf[Z] +
ch2_v * brfb_cal_cocl[3] +
) brib_cal_coef[4] +
0.5 brfb_cal_coeff5] ;

brf_gap_err = bef_gap mm-0.5 - betb_cal_coel]3];

¢hl_v =c_to_v ™ (*{ch3+));
brs_gap_mm =ch3 v * Ch3_v *ch3_v " ch3_v * brs cal coef0] +
€h3_ v *ch3_v * ch3 v *brs_cal coef[1] +
ch3_v *ch3 v * brs_cal_céef[2] +
ch3 v * brs_cal_coef[3] + -

brs_cal_coef[4] ;"

ché v = = c_to_v " (“{chd+]));
Uf gap_mm =ch4 v + chi_v=chd_v =chd v * b eal coef]0] +
chiv chivechiy  =um cal coef]l] +
chd v *chi y * tfb_cal_coef2] +
chiy * Ufb_cal coel]3] +
o Ulb_cal_coef[4) +

thb_cal _coe5] ;

il _pap _crr = Ul_gap_mn-05 = gy eal couf] 5



flo:il tenp data2- float tenp data]; 1lloat tenp_dataa 1loal tcnp_ d:u. 35;
52 If (( data = fopx:n ("c:llcucP & -r-)) == NULL printf ("\nlt ERRCRDI
Coul d not open data file CALCOEF4. DAT\n"); exit (-1); } for (i=8; - B DEC 2003
| <CAL_CCEFS; t+i) if (facts (in_linc, j, data) _= ti"ULL) printf ("In\t
ERROR READI NG CALCCEF4. DAT printf ("Inlt Could not read linc 0O/,d .
\n".i+l); exit (-1); } if (sscanf (in4%Pne, . */"c % /a: % % % O0/"c
/ae & cnp_data 1. & cnp_data2, &tcnp data3, &t enp data4, & cnp datab.
& cnp_data6, &t cnp _data7, & enp datal3) !=8) printf ("Inlt ERROR READI NG
CALCOEF4. DAT ¢t %) @ = ol W f s )pl't Wong format for line %. \n",i+l); exit
(-1): }  maplighetienp cdata 4 , - pepZl )= Lemp data2;  map3[i]= tenp_data3;
map4[i]= tenp datad4; mapk(i)=.;LrP Bt aﬂ;“::;'}?‘hpﬁﬂiq = tenp data6; map7[i]-=
tenp data7; map3[i]=, tcmudatag. - .. cj;c;o:_,c], Al

chs_v “Us_Cal_coell3) e *l
Hs_cal_coef[4] ;

ché_y  =c_to_v * (“(ch6+i):
uf_gap_mm =ché_v * ché_v * ché_v " ché v * ufh eal cocf[0] +
Ché_v *ché_v = cl16_\- * b _cat coeff1] +
ché_v * ché_v = trfb_cal_cocl2] +
ch6_v * ufb__c_al__co;:—fm +
b _cal_coef]4] +
05 -~ trfb_cal_coef]5] :

trf_gap_err = urf_gap mm-0.5 = trfb_cal_coef[5]:

ch? v =C_to_v * (*(ch7+i));
Us_gap_mm =ch7 v *ch7 v ¢h7_v*ch? v=yus el coefl0] +
chz_v "ch7_ v chl v '_Lrs_—cal coef]l] +
ch7_v *ch7_v ® us_cal co-c—f[ll +
ch7_v = trs_cnl_cozf[B] +
irs_cal_coefl4} ;

/! Send Qut Lincarized Gaps for Diagnostic Purposes

lemppos = (int) v_10 ¢ = bIf_zap err;
a2nalog_outl(1 iemppos); -
lemppos = (int) v_to_c * brf gap_err;
analog_outl(Z,tcmppos); T
lemppos = (int) v_to_c * Uf gap err:
analog_pull(4,t::mppos); B
temppos = (int} v_to_c * uf_gap_err,
analog_oull(o,temppos); -

i Zero Offset on ACCELEROMETERS

if (i==0)
{
blfb_cal_coef6] = ¢_to_v * (~(chg+i)):
blsvcal_coc!m] =C_to_v ' (*(ch9+i)):
bdb_cul__cocf[é] =C_to_v * {*(ch10+i));
tUfd_cal_coef[6] = €_lo_v.* (*(chll+i)):
ts_cal_coef[§] = C_to_v " (*(chi2+i));
} tefb_cal_coef[6) =C_to vt (*(chi3+i)):
ch3 v

(o | - -y .
-chy_v (c.to_v * ( (ch3+i))) - b“b_ca[_co‘_.q(,]

= (C_lo_v I+ ) - bi )
ehid_v = (¢ iq v - i) )) - bis_cal_cocf]6]

" {(“{chlt+i))) - br[b__cal_coc!]'(,[_
chil v = (C_ta_v * ("(ch1l+iy) - tth_cal_caet]6)

.



(in_line,
READI NG SSSTATCF. DAT !'!'"); printf ("Inlt ERROR H Wong,
(yd_ \n" , i +1)U;I.L:I'l QXll:t'\ln(u'.\' 1{)5.1” Sude iy

close(data); return; } Is ...1011 r ... . ... 14 ... X. 4. .

. r.. r.... r. r.... A ... READ SS STATE FILE: READS Side To Sidc
STATE COEFI C[ENTS FROM DI SK 53 ./ I'oli] 11 (II1;1111)  Romii pl. Jd@pEc oo
int j=40-, in[ offset; float tenp-data | ; float tenp data2, char

in_linc[491, FILE "6ta; if (( data = fopcn ("ssstatcf.da(',"r-)) = NULL )
printf ("VAL ERROR H Coul d not open dat@ rile SSSTATCF. DAT\n"); exit (-1);

= SS STATE CCEFS/2; for (i0; i<offsct; ++i) if (fgets (in_linc,
NULL) . printf ("W ERROR READI NG SSSTATCF.DA. T !1"); printf

. {

o

(;\nlt Coul d hat:read |ine bl o cpxdatyt exit (-1); } if (sscanf

%e % &t enp datd T -udtehpx@dta?) = 2) { printf("\n\t ERROR

.ee - hscasitn ¢ to Changes 1 DBG
al-:,__-,_..lp___x.n = (Ols_pagp i - bes_sap_mm)/2 - bis sSap_tm
HS_giap_err = (us_pap_nuw - s _gap_minyl - 1ls_gap lam_

HCALL SIDE TO SIDE PID CONTROLLER
ss_control(ss__cmd-_ v,bls_gap_errals gap err,
ch9_v.chl2_v,

§5_state_coels,ss_pidm_coefs,
ss_lag_cocfs,ss_plag_coefs,i): -

/ICALL FRONT TO BACK PID CONTROLLER
lb_comrol([b_cmd_v,blf _83p_errbrd gap err
Ur_gap_erruf _gap_erm, oo

ch_v,ch10_v.chil_v,chl 3w,

fb_state_coefs,fbo_pidm_coef:
fb_lag_coefs b _plag_coefs, i), e

/IFILTER GAP READINGS TO COMPUTE CURRENT CONTROL
ss_gap_Tilier(filtered _2aps,bls_gap_mm,brs _2ap mm
tls_g‘ap_mm,lr; _.g:]p_mm,‘ ’
glag_coels.i):
L _zap_fler(filered ~4aps,bl_gap_mmbef_gap mm,
|Ir._g::p_nm1_,1rr*gap::~1'1m.-
glag_coals.i):

bls_gap_mm = =(filiereq _BAps ).
brs_gap_mm = *(liliered_gaps+1);
tUs_gap_mm = *(filiered_gaps=2);
Irs_gap_mm = “(filcred_gaps+3):
1 bil_gap_mm = *(filtered Saps+4);
/- bef_gap_mm = ‘(ﬁ!tcrcd-eapsi-.i):
1 Uf_gap_mm = '(ﬁllcrcd__-gaps*-é)"
- uwf_gap_mm = ‘(ﬁltcrcd_gapsé-‘l)';

//ADD INJECTED FORCE SIGNAL TO CLOSED L

ehls v =c 1o v+ OOP FORCE COMMAND

(C{ehi4+1)):. / diagnostic for force injection

. *(ss_emd_v ) = “(ss_emd v )+ ehid v =
(ss_emd_w+]) = *(ss_cmd_v+1) + chld
(ss_lcmd_v+l} =chld v confTg(14}:

config(11};

p v " config[i4]:

(b_cand_v )= “(Mb_cnid_v ) +¢h
’(rb__cmd,_\'*-l) = (b cmd vely+
{b_emd_v+2)y = '(ﬂJ_CIlld_\'+2) +
'(qumud__v*-]} = ‘{fb_c'nuj:vﬂ} +

14_v * config{10];

chld_ve config(12};
chl4_v * coafig[13];
¢hld v * config[l MR

format for line



} snapl[i ) =tenp_datal; map | (i+( ofsct) j = tenp_data2, }
fclose(data); return; [/ ...

...................................................... S..i......... ~BDEC 2003
READ SS PIDNI _FILE: READS Side To Side PIDM CCEFI Cl EFNTS FROM DI SK . ..
e e e e e e e e e e e e e oot
void r,:ad_ss _|)idlll _lil(nulhl) lu¥ "in;1hl; 54 1 Lilt i: itit ] =4y,

lilt ousel, float tcntp _data | ; float tenp data2; char in_linc[49[;

FI LE ' datsa®’ii+fia¢{ data = (open ("sspidncf.dat”,"r")) - MJL ) printf ("Inlt
ERROR ! I'"* Coul d not open data file SSPI DMCF. DAT1n");. exit (-1); } offset
= SS PIDM'COEFS/ 2; for (i-0; i<olfset; ++i) if (frets (in line, j, data)

= NULL) printf ("W ERROR READI NG SSPI DMCF. DAT U'); printf ("W Could not

read |ine 9@ sim" sivd]): exit (-1); if (sscanf (in_linc, " 0/,,c %
& cnp_data 1.8t ex mp@lataz) smahin{ Printf ("W ERROR READI NG SSPI DVCF. DAT
1y ‘is_cmd_vi]) = *(s5_cind_y+1) * Sl-':rl_gaju;

*Ub_cmd_v) =+(1b emg vl s i
U - _ - n_gln,
(b cmd_v+1y = *(fb_cind_v+1y sLart_gain,
*(b_cmd_v+2) = *(lb_emd_v+2) * siun _gain'l
} *(N_cmd -v+3) = “(lb_cod_v+3) * stan _Bain;
f

/* SIDE TO SIDE CURRENT CONTROL

ss_cmd_v is.lhc volis equivalent for Force in newtons

The conversion is 130 N/V. l
*/

/f Bottom

;;t‘ (*(ss_cmd_v y<0) # Use right hand side magnet

:(ss_cmd_v y=-1" (*(ss_ecmd_vy );
{ss_emd_v } =-1.2 * fabs(brs _£3p_mm) * sqri( *(ss_cind_v)/kss);
f[sc #I Use left hand side magnet
‘ “{ss_cmd_v j= 1.7 - I‘nbs(bls_gap_mm) '-'sﬁ‘n( *(ss_cmd_v)/kss),
, _cmd _ :
I Top,
if(

'(ss_cmd__w-l} <OV Use right hand side magnct

“(ss_emd_v+ly=.q - ('(ss_cmduwl) Io

“(ss_emd_v+1) = .1.27 = fabsqir
X _ 2 S 2 - » gt - -
} {trs_gap_mm) * sqn( (ss_cmd_v+1)kss):
::lsc /1 Use left hand side magnel

*(ss_cud v+]) = -
} tmd_v+i)= 1.27 = fabs(uis ~23p_nun) * sqri( *(ss_cmd_v+1)/kss):

{* FRONT TO BACK, CURRENT CONTROL
fo_cmd_v is the volis cquival
The conversion is 65 Nrv.

=/

// Bottom Lefi
. ;f( “(b_cmd_v ) <0} / Use Back Mapncy

ent far Force in newions,

‘E[f‘t;_cmd_\f )=-1"‘_(‘(?b_cmd v )
“Uo_cmd v ) =-1 * (bifb_cal_coef[S] - bif -gap..
Sqn("([b_cmd_-\- )?k.fb); ~83p_mm - config[1])

c{:lsc i Use Front Magnct

h_comt_v )= g« (I _gap_n - confipl2]} *




printf ("W ERROR H Wong format for line %. In",i+l); exit (-1); }
mapl [i ] = tenp datal; mapl [i+( Offset)] = tenp_data2; fclosc(daLa);

return; } *..... YL..AM..0.04.4 ... U ................... YYa........ .- BEHM
....... S.....S READ SS LAGFI LE: READS Side To Side LAG COEFI ClIEFNT' S

Dl SK o e e a. . . -a
w. . . . Y. ..4. .1 voidrcad ss |lagpgfil(mapl) float * snap | ; 55 int
J 4U; int ofTsct; float tcntp d ml ; float tcll+p dta2; char

in_linc(t9~; FILE dita; if (( data = fopen ("sslagcf dat","r")) = NULL )
{ printf (-\n-t ERROR 1"'coul-w*twt open da[a file SSLAGCF: DATIn"); exit

(-1); } otTset = SS LAG COEFS/2; for (i=-0; i<offsct; Vii) f if (fgets
(in_line, ~, diﬁﬁuﬁ‘)ta;_u NULL) ( printf ("In\t ERROR READI NG SSLAGCF. DAT !'!");
printf ("Inlg .Goul.g not.. line % . In",i+l),; exit (-1); if (sscanf

(i n_I i ne, " '{(%:Q,S)?. ce- } Jﬁ/agm. Back Magne

“Uo_cmd_val)y =+ ¢ (*{Ib_cmd_v+1)y;
'(llb_cmd_v*-l) = -0 (brflb_cal_coel]5] - brf_gap_nun - config[3)) °
sQri( *(fb_cmd_v+1)kdb);
} .
else ff Usc Front Magnet
{
“(fb_emd_v+i)= 1 * (b _E3p_mm - conlig[4])
sqri( *(fb_cmd_v+1)&b):
)

/I Tap Left
if ( *(fo_cmd_v+2) <0} // Use Back Magnet
{ .
*(fb_emd_v+2) = -1 = (%(fb_cmd_v+2) ):
*(fb_cmd_v+2)=_-1- (Ufb_cal_coef]5] - tif_gap_mm - config{3]) =
sq “(b_emd_v+2)kb),

clse /1 Use Front Magnet

“(lb_emd_v+2) = L ® (Uf_gap_mm - config{6]) *
53 *(b_cmd_v+2)/kib);
H
/f Top Right
i *(_emd _v+3) <0) # Use Back Magnet
{
*(fo_emd_v+3)=-1 = (*{fo_cind_v+3) J:

~(fo_emd_v+3) = -1 = (urfb_cal_coef[5] - tef _2ap_mm - config[7]) *
sqri( *(fo_cmd_v+37kiby; 3 )
}

else /1 Use Front Magnet
{
“(fo_emd_v+3) = = (rf_gap_mm - config{3]) -
sqQa( “(fo_cmd_v+3)ykhb);

bifb_magnet_cmd[i} = (inv_to_c * (*(fb_emd v));
bss_magnet_cmd({i] = (int)v_to ¢ = (‘(ssqcmd_v))'.
brfo_magnet_cind(i] = {int)v 10 ¢ - ('(fb-cmd-v-'-'l})‘
llfb_magnel_cmd[i]‘—- (im]v__to_:: * (*(fo_emd _V+2)}"
zs_magnet_cmd(i] =.(im)v_m~c_" ('(:s-cmd-wl))"
trflb_magnet_cmid(i] = v to ¢ * (-(rb_cmd_v«»j))'-

#3end Contral Quiputs (g Magnet Dreivers

anabog_oul( blb_napgner coudf1])



& enp data 1, & enp_data2) !'= 2) printf ("Inlt ERROR READI NG SSLAGCF. DAT
ey, printf ("In\t ERROR H Wong format for line */ad. \n",i+1), exit
(-1); } mapl(i = tenp datal; map | (i+( offset)] = tenp_data?; }'BDEEZI]M
fclose(data); return; } !'" r.rs.wrrwrr w..r.r.w.r.wa...........
W, w... 0..... rr.w. rrw . w. .r REA DSSPLAG FILE: READS Side To Side
Position LAG CCEFI Cl EFNTS FROM Di sk 449

R LT . t/ .w..r.r.
void read _ss plag fll(map | ) float rmapl; int }=dt); -- 8 DEC 2003 56 inc
oli i 110.11 dekp_cdat.hd nkgne bhgat |1 Onp_data 2 Char in_lincf,1') FILE rdi
a: if (( datavalpoiphb(U saphagefidat”,"r")) == NULL { “printf ("Inlt

ERROR! | Coul d*Hbe_copbibdema: tidiy. SSPLAGCF. DATIn"); exit (-1); } offset -
SS PLAG COEFSHBg_oul(4,1ss_magnet_cmdi]);

analog_out{5,trib_magnet_cmdi]);

/1Send these signals o the D/A for test purposes

// amalog_cut(4,mapl{i]); # liming

HWAIT FOR NEXT TRIGGER
do
{
if ((Flag = das20(12,Params)) 1=0)
{
printf (M\n\t Mode 12: Ercar monitoring conversions, Flag=d%d™,
Flag);
prind M\t Conversion Yeu" Params{2]):
exit(-1);
P

ywhile (Params(2] == NUM_CHANS *loggle); /1 Wait for trigaer

if (leggle=1)

{
logale=(Q;
base=NUM_CHANS;

loggle=1;
base=Q;
}

i=1;
Ywhile(kbhil));

// STOP DMA OPERATION

U ((Flag = das20(1 1,Params)) 1=0)
{

pri'n(l.f' (Ma\t Mode 11:Error stopping DMA. Flag=%d",Flag);
exit{-1); o

}

/ ZERQ ALL ANALOG QUTPUTS
ini_dda06();
TC_frec(dma_actual_seg):
free (chy;

free (chly;
free (eh2):



for (1=0; i<offsct; ++i) { if (fgcts (iniinc, j, data) = NULL) { pnntf
("I'nlt ERROR READI NG SSPLAGCF. DAT !''"); printf ("\nlt Could not read |ine

6/6d. \n-.i+ 1): exit (-1); } if (sscanf (in_ linc, " /a; % -. & cnpBdH¥La2003
1, &tcillp_data2) 1= 2) printf("InAt ERROR READI NG SSPLAGCF. DAT !!"):
printf ("Inlt ERROR! Wong format for linc*/,d. 1In',il I)- exit (-1); }
} map!{i ] = tcnp_datal; mapl[i+( ofP9et)] = tcnp_daL~2: fclose(data)
rcturn; } 006WO ............ rew.rrrO r..... O ..M rrwr.
rw.wwrrrrww. REA D FB STATE FILE: READS Fromto Back STATE CCEFI Cl EFNTS
FROM DI SK rfsv¥'PWwrw. rwarrrrrr. . ... ... ...... r
........... r“'.“.".“t‘.;.). o Arrrwwrwasw w void rcad fb ostate fi[(mapl)  float
‘map | ,r “f"ri’tl‘ cint j=g{); in( o[T;;ct: fl()al tenp datal; 57 110.11
lunl 11 d: 1tﬁ?(“l“; ‘1oal telnl) dal:1} float tenp dal ad
frcx.(k.h'{)
free (chY);
free (ch10);
free (chll);
free (chl2),
free (ch13);
return;
}
/‘-
GET_CHANS_GAINS: GETS CHANNELS AND GAIN DEFINITION FOR SCAN QUEUE
-l ) ) .

void get_chans_gains(chans,gains)
int chans(};

int gains{};

{

int'i;

for (i=0; i<NUM_CHANS; i++)
{

chans{i] =1i;

gains{i] = 1;
}

relm;

*f
void read_config_fil{mapl)
flcal *mapl,

{
tnt i;
i j=20,
float temp_dawal;
char in_line[ I8}
FILE *dawx:



char in_linc(991:- FILE *dam, if(( data = fopen ("Ibstatcf.dat-

NULL } { printf ("\nlt ERROR !! Could not open data file FBSTATCF DATTn )
exit (-1); } offset = FB_STATE CCEFS/ 4. for (i O i<offsct; ++i) {- BfUECZUUJ
(fgets (in linc, j, data) NULL) { printf ("W ERROR READ NG FBSTATCF. DAT
r")y;, printf ("W Could not read line_0/6d. In",i+l ); exit (-1); if
(sscanf (in-line. " % %c %e % ', @icrrp_data 1, & enp dataZ2.

& enpdata3, & cnp data) !'=4) { printf ("In\t ERROR READI NG FBSTATCF. DAT
")y,  printf g"\n\t ERROR !'! Wong format for line %. In-j,l); exit

(-1): } map 't [’l“"]"""“‘t‘érnmkfdlalfa)l =nympp | [i+( offset)] = tcnp_data2;

map 1 [|+(2"dj npdat a3; mapl[|+(3"offset)] :terrp data4; }

fcl ose(dat a) 'r'f"é lJ ﬁ'RR “/|L°!”.d."9lppuumumL A QoD VAR . .0re.0.rs#.r
r.r.. " P DM FILE. READS Front To Back Pl DM COEFI Cl F. FNTS FROM
DI SK ‘

for (1=1); 1<CONFIG_CORFS: ++1)
{
il (fgets (in_line, j, data) = NULL)
{
pr?an('\n\l ERROR READING CNFGCOEF.DAT n:
print (M\n\t Could not read line Yed . \n"i+l):; -
exit (-1): . .
H

i (sscanf (in_line, = %e -,
&temp_datal) t=1)
{
print ("a\t ERROR READING CNFGCOEF. DAT 117y

prind ("a\ Wrong format for line Yod. \n" i+1);
exit (-1);

} .

mapl(i]= temp_datal:
]
I3

[close(data);
relurn:

~f

void read _cal_fi
float *mapl:
Aoat *map2;
float *map3;
fioat *mapd;
float *map5;
float *mapé;
float *map7;
float *map3;

[{map 1,mapz.mnp3,map4,mapS,maps,map‘!,mapS)

{

Al

int j=150;

float temp_dawat:
float temp_daml;
fNloat temp_data3;
Noat temp _datad,
float temp_datas;



..... 0.....04 ........................00.04.0... 00..... 44.00 s w.... 4..
void read fb pidmfil(map I) float map | , 58 lilt J=till. [lilt onset.
1loat lenp dat:r | ; float tenp datn2 float lhrrlp data3; float +8DECiz800
dnta4; char iro_lincl99J PILE *data; if(( data = [open
("I'bpidnc[dat”,"r")) = NULL ) | printf{"Inlt ERRORI! Could not open data
rile FBPIDMCF. DATI ); exit (-1); } oftset = FB_PIDM COEFS/ 4; for (ice;
i<offsct; ++i) { if (fscts (in_line, j, da(a) = NULL) { printf(-Inlt ERROR
READI NG FBPI DMCF. DAT !'!'"); printf ("Inlt Could not read line % .1n",t+l);
exit (-1); 'PF'{UYsCUlf (in-line, - %c % %% -. &cnp data |
&mmdMa‘”‘Wﬁdeas & cnp_datad) !'= 4) printf (' lnk ERROR READI NG

FBPI DMCF. D !“‘VT Prlntf ( I'nlt ERRORI! Wong format for |ine %l.
In",i+); c‘i{g"ful‘( ALY trap 1(i J = tenp-data | map' [i+( offset)d =
tenp data2;
i {( data = fopen ("ealcoeld di” ")) == NULL )]
{
printf (Mn\t ERROR !! Could not apen data file CALCOEF4 DAT\" ),
exit (-1);
}
for (i=0; i<CAL_COEFS; ++i)
{
il (fgets (in_line, j, daw) == NULL)
{
prind (\n\t ERROR READING CALCOEF4.DAT 11" )
priad ("\n\t Could nct read line %d . \n* ALY
exit {-1);
}

if (sscanf (in_line, " %t %e %e %e Y% %e Yoz Y%e ”

&temp_daual,

&temp_daw2,

&temp_dara3,

&temp_dawd,

&iemp_dawas.

&lemp_daua6,

&temp_data7?,

&lemp_daad) 1= §)

{
prindf (\n\t ERROR READING CALCOEF4 DAT It* )

prind ("\n\t Wrong format for line %d. \n® A+
exit (-1);
}
mapl(i]= temp_dawal;
map2[i]= temp_data2;
map3[i]= temp_data3;
mapd{i]= temp_data4;
map5(i]= temp_datas;
mapé(i]= temp_dataé;
map7{ij=temp_dawa7;
mapd{i]= lemp_daws;
)
fclose(data);
return;

}

f‘

LEL R RN ENY YRR
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READ _SS _STATE_FILE: READS Side To Side STATE COEFICIENTS FROM DISK

-----------------------------------

LEEEE RN PR LEE R R R *evssas sadehoanasn



mapl [i+(2 offset)] = tcnp_data3; nmapl [i+(3rofset)d = tenp_dat a4,

fclose(data), return: } .rr rrr ........ ... ..., r. r.

rorrr™rr. ... ... ... S rrrr.rrr. READ FB—-LAG FI LE: RE@%%EZMB
Front ToBack LAG COEFI Cl EFNTS FROM DI SK . ... S r

.............. ror........ r.. " ror.. r..... [ vOW

n-rd !'b lag fri(njnpl) 59 INNId,,apt {55nt |s it —30 Int offset; float
tcinp drita | float tcnlp_dataZ float tcnp_data3; float tcnp_data4;
char in I|nQ§991, FILE "data; . if (( data = fopen (afblagcfda("r"))

NULL ) ( prLlytt . RRER ! Could not open data file FBLAGCE. DATI n");
exit (-1); ,)2.'l:hbph ”E "UAG COEFSI 4; for (ice; i<offsct; 4-+i) { if U
Vs (in-line, J, data) NULL) C printf (- knit ERROR READI NG FBLAGCF. D T W;

); printf ("loft Could not read line % - 1n",i+i); exit (-1);
int i
int j=40;
int offset,
float temp_datal;
float temp_data2;
char in_linc(49];

FILE *data;

if (( data = fopen (“ssstatef.dat™,"r™)) == NULL)

{
prind {"w\t ERROR !! Could not open daa file SSSTATCF.DATW™),;
exit (-1);

!

oflset = 85_STATE_CQOEFS/2;

for (i=0; i<ollsct; ++i)

{
i{ (fgets (in_linc, j, dawa) == NULL)
{
printf ("\\n\t ERROR READING SSSTATCF.DAT !!™);
print{ ("\n\t Could not read line %d . \n",i+1):
exit {-1);
}

if (sscanf (in_line, * %ec % °
&iemp_datat,
&iemp_daw2) 1= 2)
{
prind (Mn\t ERROR READING SSSTATCE.DAT 1"):
printf (Mn\t ERROR !! Wrong format for line %d. \n®,i+1);
exit (-1);
}
mapl[i ] =temp daal;
mapl(i+( offsct)] = temp_data2;
}
fclose(daw);
return;

}

l‘

sea -
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REA.D_SS_PIDM_FILE: READS Side To Side PLDM COEFICIEFNTS FROM DISK

----- et bdvinanedadsanennds
*/

void read_ss_mdm_Nil(mapl)

Naat =inapl;



If (sscaof (inine, " % & enp_data & cnp_data2, &tenp_data3,

& enp_datad) !'=4) } { printf ("\n\t ERROR READI NG FBLAGCF. DAT !!a);
printf (" Inlt ERROR!! Wong format for line /ed. In",i+1); exit (-8 DEC 2003
mapl [i 1 = tenp_datal; nmapl[i+( ofset)l = tenp_data2; i napt

[i +(2 of 3sct)1l = tenp _4=3; mapl[i+(FHgpfset)) = tenp_datad; fclose(data);
return; } fa*aa. ar a. a Ses.. ..ai....... "Ra a s*e.4......

........... aliraiaa a~e~~~" DI SK READ FB PLAG FI LE: READS Front To Back
Posi ti on LAG COEFI Cl EFNTS FROM 60

floal, mapl™{till( i; ill( j=30.. int otsct; float tcrnp datal; float
tenp data2;'"uftbat tenp 4=3; float tcntp data4; char in_linc(99j; FILE
“data; if cgﬂd&% = (open ("ibplagcf.dat","r")) = MILL ) printf ("In\t

ERROR !'! CotA"ti*#Bi*8pen data file EBPLAGCF. DAT1Nn");
float temp_dota?,

char in_line[49],
FILE *data;

if (( data = fopen ("sspidmcf.dat®,"r")) == NULL)

{
prind (Mn\t ERROR ! Could not open data file SSPIDMCF.DAT\R"):.
exit (-1);

}
offset = S5_PIDM_COEFS/2;

for (i=0; i<affset; ++))

{
il (fgets (in_line, j, dawa) == NULL)
{
printf (oM ERROR READING SSPIDMCF.DAT ™)
printf ("\n\t Could not read line %d . \n",i+1);
exit (-1);
}

if (sscanf (in_line, " %c %c ",
Stlemp_datal,
&lemp_data2) 1= 1)
{
printf ("nM ERROK READING SSPIOMCF.DAT !1™);
printf ("\n\ ERROR !! Wrong format for line %d. \n”,i+1);

exit (-1);
} _
mapl[i ] = temp_daual,
mapl[i+( offset)] = temp_daw2;
}
fclose(data);
retum;
}
/-
REAQ__SS_LAG_FILE: READS Side Te Side LAG COEFICIEFNTS FROM DISK
-/
void read_ss_lag_fil{mapl)
Noat *map!;

{



exit (-1); } offset = F6_PLAG COEFS/4; for (ice; i<o(Tsct; ++i) if (fgcts
(inline, j. data) == NULL) ( printf ("Inlt ERROR READf NG FBPLAGCF. DAT
"y, printf ("Init Could not read line % - 1n",i+l); exit (-1); 1}qipf
(sscanf (in-line, " /,c Vc % /,e ". &enp data 1, & em p_data2, &M]rg]g 2003
data3, &tcnp_datad) !=4) printf ("W _ERROR REAI MNG FBPLAGCF. DAT !'!"] pri
ntf ("\nlt ERROR!! Wong format for | PRe / ad. In",i+1); exit (-1); }
niapl[i j tenp datai, map |-(i+( offset)] = tenp data2;

mapl (i +( 2- ghfiset)] = tcnp_data3d; map | (i+(3 of Tsct)] = tenp_data4; }
fclosc(dat ayj=spreturn; } 61

........... MOULICIIP _datad] .« v v o e e e e e e e e

voi d rcad_ghadg lind§umy tpl ) float 'mapl; {

FILE *dat;
if (( data = fopen ("sslagef.dat™,"¢")) == NULL )
{
Pfi_ﬂt(ff')‘\n\( ERROR !! Could not open data file SSLAGCF.DAT\");
exit (-1); ) ’
}

offsct = SS_LAG_COEFs/2;

for (i=0; i<offscr: ++i)

{
if (fgets (in_line, j data) = NULL)
(
prinuf ("n\t ERROR READING SSLAGCE.DAT 1y,
printf ("\n\ Could not read line %d . \n" i+1): '
exit {-1}; . ‘
}

if (sscanf {in_line, " %c %e ",
&temp_datal,
&temp_daa2) 1= 2)

prindf ("a\t ERROR READING SSLAGCF.DAT 1t")
prl_m.f ("\n\t ERROR 1! Wrong format for line Yed. \n',i+[)'
exit {-1); ' ‘
H
mapl[i } = temp_datal-
} mapli+( offset)] = temp_datad:
[close{data);
rewrm;

}

!.
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READ_SS_PLAG_FLLE: READS Side To Side Position
LAG COEFICIEFNTS FROM Disk

--li‘--q---n.t-ct-lo--..-.

--------- Cesskaw
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void read_ss_plag_fil(mapl)
float *map1; '

{
ini
g j=d4e)



inr i; int j=$0; int offset; float tenp_datal; float tenp data2; fl oat
tenp data3; float tenp_data4; <char in_line(991; FILE 'data; if (( data =
fopen ("gla,cf.dat",'r")) =-- NULL) { printf ("\n\t ERROR !! Coul d-rfpBE( 2003
open data file GLAGCF. DA11n"); exit (- 1); offset = GLAG CCEFS/4; for
(i-0-,"'<offset; ++i) if (fgcts (in_lingg j, tLI) ~ NULL) { printf ("Lilt
ERROR READI NG GLAGCF.DAT !'!''); printf ("\nlt Could not read line % .

Ln",i+l): exif, ﬁ'-;!n): if (sscanf (inline, - % Ix "/ac & enp data I.
& enp_data2, & gmﬁgd&}_ﬁl& & enp_datad) t= 4) printf ('Lilt ERROR READI NG
GLAGCF_DAT !l pdut ienpPLLR T ("1ilt ERROR! Wong format for Iine %ad.
\n',i+l); exm,,,(,-,f) P mapl [i ] =tcnp_datal; map | [ i+ Ofset)) =

d 2'offsct)(= ctup_dataS, map I (i+(3" oflsct)(

it 49
tenp_data 2; mgepgl{1 +
tcnp, dataa } 62 |
i (( data = {open ("ssplagefdat™,"r")) == NULL )
{
prind ("\n\t ERROR ! Could not open data file SSPLAGCF.DAT™);

exit {-1);
}
offset = SS_PLAG_COEFS/2;

for (i=0; i<ofTsct; ++i)

{
if (fgets (in_line, j, daa) = WULL)
{
prfntf ("\n\t ERROR READING SSPLAGCF. DAT =y
pantf (\\a\t Could not read line %d . " i+l
exit (-1y;
}

if (sscanf (in_line, * %z %¢ -
&temp_datal,
&temp_data?) 1= 2)
1
pn:nl.f("\n\( ERROR READING SSPLAGCF.DAT 1y
pn'nlf("\n\l ERROR !! Wrong format for line %d. \n" j+1 )5
exit (-1; Y .
)
mapl[i ] = temp_dauat:
}mapl[i+( offset)} = icmp_datal:
fclose{data);
rclurm;

}

Il

LR L K F L E Ry gy
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REP;D&F'B_STATE_FILE: READS Front 1o Back STATE COEFICIEFNTS FROM DISK

-I'-.“.-ll..‘-l.i“‘.-tt.-‘.tl".‘
',‘

void read_fb_staue_fil{map1)

float *map!-

L R E R ELE R R T LN I P e AR E AR LR R LT

{
ity
int j=80;
int oiTsey:
Moat temp daial;



| NI T_DA5211 Iuitialis cs the Ato Dcard for irttcrrrupt and DVA | eveltl 2003
rr.o..ar.a....r L M r...... r

.1 void init daééb() { Parans(O = DA ADDR, DAS-20 base address Parans|
11 =5; // interrupt level Parans(21 =1; // DVA level switch selectable

on board Fla .a = das20(G Parartu); if (Flag '=0) Error if Flag not 0 {
printf("\nsMegdg Qi Erf-0r in DAS20 initialization. FLAGS/ adlrt-, Flag),

exit(- 1); } noh@M Buast 1+ - T T T
a..*. ..., MoattempPanad: - - | N1T_DDAGCG: Intitalizes all analog outputs to O
volts. ..... charin_tidegyy@. -« . .. [ T Cee _

) Z riLvabd: init_dda06() { int i; for (ice; i<=5; i++) outporib

(DDAO6 ADDR + 2ri, 0): outportb (DDAO6_ADDR + 2°i + 1, 8); outponb
leDAOB_ADDRI iﬂ((&.‘ii:iﬁro@ﬂn;("lhéﬂhLir@Qﬂb))(Q[pA_ﬂ_@}ADDRl + 2ri + 1, 8):; } return; )
printf ("\n\t ERROR !! Could not open data file FBSTATCF.DATW");
exit (-1}, ' ’
}
offset = FB_STATE_COEFS/4:

for (1=0; i<offsct; ++i)

{
if (fgets (in_line, j, data) == NULL)
{
prim.t' ("\n\t ERROR READING FBSTATCF.DAT "y,
prinf ("\n\1 Could not read line %d \n"i+1):
exit (-1); '
}

if (sscanf (in_line, ™ %e %e %e %e ",
&temp_dawal,
&iemp_datal,
&lemp_daia3,
&iemp_daad) 1= 4)
{
prind‘ {("\n\t ERROR READING FBSTATCF.DAT 1=y,
pn.an'("\n\l ERROR !t Wrang format for line %d. \n" i‘-‘-l)'
exyt {-1); S
}
mapl[i | = temp_datal:
mapl(i+( offset)] = temp_data?:
mapl[i+(2*offset)] = temp_darz3:
}map 1{i+(3"offser)] = lemp_data4:
fclose(data);
retum;

}

Iﬂ
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READ_FB_PIDM_FILE: READS Front To Back PIDM COEFICIEENTS FROM DISK
C/ )
void read_fb_pidm_fil(map1)
float *mapl:

“tiIltt“.t.---tt-c--clt--t--tt ------ - e

{

il i;



DEFI NE- QUEUE: Dcliiics tlic AAD g,icirc for Tnbecrcd s.-tntplc, 63 It void
rl~fillc_qucui(c]l:In.Qui,.i"li,] ell:nis) int AA17n]] Il1t gain]] 806G2003
chill c¢11;1r15: if (numchans<2 ]] num chans>2044) printf ("\n Error in
DEFI NE QUEUE. Wong nunber of channelgg); exit(-1); } Pararns[0J =
chan[0]; Parans[1l1l = gain[QJ; Parans[2] = 2; /1 First Queue entry Flab =
das20(!, Parans); if.(Flag '=0) It Error if flag not 0 Mprintf("Inlv[ode
l: Error in sevt¥ng First queue clenent. Flag=04d\n", Flab): exit(-1):

whil e (i+l <nuinTehans) ( Parans[0) =chan[i]; Parans[lJ =gain[i];

Parans[2) = OatpgupNéxt. Queue entn- Flag = das20(l. Parans); if (Flag != 0)
/1 Error if fP#&E woda. printf(”1lnMbde 1: Error in setting % queue clenent.
flaf;--%ll n Patlenm digp: exit(-1); } Pararns[0] chan[i Pararr,s[1]

=gai n[i]; Pal8H&PPIdEdy . /7 List Qucuc entry Fin g = da52Q( |. Pnranrs):

char ir_line99):
FILE *dma;

if (( data = fopen ("fopidmef.dat”,"r"}) = NULL )
{

pri_nriff'\n\[ ERROR 1! Could not open data file FBPIDMCE DATW"):
eexit {-1); ‘ '

}
offset = FB_PIDM_COEFS/4-

for (i=0; i<offscy; ++ij)
{
if (fgets (in_line, j.» data) == NULL)
{
primf("\n\t ERROR READING FBPIDMCF DAT 11"}
prEntf('\n\l Could nat read line %d . \n”i+1y; .
exit (-1);
1
)

if (sscanf (in_line, " %e %e % Yo 7
&iemp_daual, '
&lemp_da?,

&iemp_data3,
&iemp_dawas) 1= 4)

pr!an (Mak ERROR READING FBPIDMCF.DAT 117):
pn.an' ("\n\t ERROR 11 Wrong format for line Yod. \;1.' i'+l)'
_ exit (-1); ' ‘
1 }
mapl[i ] = temp_datal;
mapli+( offset)] = temp_datal;
mapl[i+{2*offset)] = {emp_data3;
} mapl[i+{3*ofser)] = lemp_datad;
felose(datay;
returm,

*/
voigd read_M_lag fil{mapl)



if (Flab !=0) It Error if [lag nod O priruf("InMc d 1: Error in setting
L:rst queue Clenent. Flag& FInb}; 64 t,riI( -t). . 1..................
*

................................... .rrr...... SET BLOCK TI MER_FREQ DEE72003
programuabl e timer for node 27 scan

r.a...r.a..a.aC .*aa.......... rar. g rrra a.ra...ral.r.~r##r 1. 1lar***
v0|d sct bIock timer _frcq(freq) |nt freq ParanB[O( = 1000; 11 counter 1
Parans(l | = 5000/freq; 11 counter 2 Flag = das20(25, Parana); if (Flag !=
0) 11 Erroﬂhmﬁuﬁhag not 0 { printf(' 1nMode 25: Error setting up bl ock
timer. FLAG=%dlrt", Flag)' exit(-1); return;

raa.r*M.ra.r....a .. 0L 0 S R ar...rrrx**x St* *a
ANAL OG CUT.‘S@nds analog commands to the el ectronmagnet anplifier fromthe
DDAOG card. 'R=5% . aa*as**tia..ar.a.............. 0.

. 6a66#1Ya. .'Walguss £11..*. **a .1 void anal og out(ch, data) int ch:
|ntdata { ievsergraifset = 2045; int tnax_anal og cnmd=4095; inn
min analog'EﬁHUEDﬁmF%t high byte; int |owbyte; data = data +

ok lc
zer o- of f set ﬂor;:f[cxp ax @5 =max_anal og cnd) {

char in_line{99];

FILE *data:
:{l‘ (( dau = fopen (* blagef.dat™, ")) == = NULL)
pri.nlif g\n\t ERROR !! Could not open data file FELAGCE DAT\n");
exat (-1); ' '
-}

offsct = FB_LAG_COEFS/4;

for (i=0; i<ofTset; ++i)
{
il (fgets (in_line, J» daw) == NULL)
{
prind (\nt ERROR READING FBLAGCF.DAT 11");
printf ("\n\M Could not read line Yed . \n"ji+1): .
exit {-1); '
\
]

if(sscan.f(in__linc," Yoo Yr Ye Yo *
- &lemp_datal, .
&emp_datal,
&iemp_data3,
&temp_datas) 1= 4}
{
printf ("nt ERROR READING FBLAGCF.DAT 11°);
printf {("n\t ERROR ! Wreng format for line %d “\-n"'i+1)'
exit (-1); 7 .
}
maplfi ] = temp_daual;
mapi[i+{ offser)] =temp_dau2;
mapl{i+(2*oflset)] = temp _data3:
}mapl{ﬁ(] offset)] = temp _datad;
fclose(data);
return;

;

/-c--c; ----- LEF X
L
.cc----cot:u.----------c------ccat-

READ FB PLA = i
DisK _FB_ G_FILE: READS Front To Back Positien LAG COLFICIEFNTS FROM



data = max_analog cnd; if (data <= mn_analog crud) { date =
nrin_arr:tlog_cnd. high byte = daui/256, 65 luti+_1n.tc ; rl:u." - hi~;Ir
bclc ' 256. oul purtb (UDAL1(, ADDR + 2 ' ch, low bytc). outportb -8 DEC 2003
(DDA(16_ADDR + 2 . clt + I, higli_bytc), return; 1.

IFlrF.rrtt//wWarF/ rr//V/ /1 ral waar// a. F././/r itrrrf/ww Fal!wrtir!!llrll
ANALOG QUTI: Sends anal og outputs to for diagnostic purposes.
arr/rl..O0.rrra/wrrFFN sr.rar//rFrlFal...... IFI/TFri~attl iwwa rriwa FIilF

void a nalog_out | (ch, data) in( ch; int data; { int zcro_offset = 2045;
i nt max- anal og cnd=4095%" """ nt *'ntn--arat ogr e nd: « -k Nt - R gh- pyt.e;.--i nt | owbvt c;
data = dat a 4 zero offset; if (data>=mme analog cnd) { data =

max_anal og_ﬂu'_ﬁ'ﬁ"“" -E—”i’"ﬁ-'(‘ﬂ'éi’t’a <= nin_anal og cmd) { data = nin-anal og cnd;
high byte = taf'87'256; low byte = data - high byte ' 256: outportb (DDA06

ADDRI + 2 '{ ch, low byte); outportb (DDAO6_ADDRL + 2 ' ch + 1, high byte);

} intu;
int j=30;
int ofTsct;
Noat temp_datal;
float temp_data2;
float temp_dala3;
float temp_datad;
char in_linc[99];
FILE *dau;

i{f‘ {( data = fopen ("foplagef.dat™,"r™) == NULL )

pri.nt(f S\n\l ERROR !! Coutd not open data file FBPLAGCF.DAT\n™);
exit (=) .

;
offset = FB_PLAG_COEFS$/4;

for (i=0; i<ofTset; ++i)
{
if (fgets (in_line, j, data) == NULL)
{
pn:nLt' ("\n\ ERROR READING FBPLAGCF.DAT 1=y,
pr1.nu'("\.n‘\1 Could not read line %d . i1y, ‘
exit (-1),

}

if (sscanf (in_line, * %e %e Yoz Yo "
&temp_dawl,
&temp_data2,
&temp_datal,
&temp_dawd) 1= 4)
{
prinr_t' ("\n\%t ERROR READING FEPLAGCF.DAT "
pn‘m(ff')'\n\t ERROR ! Wrong format for line %d. \n",i:i—l);
exit (-1);

*

}
mapl[i ] = temp_datal;
mapl{i+( offset)] = temp_daea2;
mapl{i+(2=offset)] = temp_datal;
} map {i+(3 "oflsct)] = lemp_daad;
fclose(data),
rcturn,

}



return; Ir .............. rr/faraS_....... R r

rraFl a//ww Mw a.rar! SS-CONTROL: PID control for Sidc To Sidc axes.

e = r -8 DEC 2003
..... Fa 0/ void s;control (out,bss g:tp_crr,tss _gap crr, bss_acccl.tss
acccl, st:ttc cocfs pi dnt cocfs. 66 lab _cocf.rlag cods. 1) float "Ullt,
lloat bss gali _crr, float us_Sap ~rr; 61f] oat bss acccl; float tss_acccl;
float stste cocfs{ float pidmcocfsf |I. float lag coefs[J; float

piag_cods[].....int.j...static double xlb xlIt; static double x 1 bo x | to;

static
, X3t ;
doubl e
static
x3dt ;

e ua

doubl e x2b x2t sfétlé ‘aoubt-e X2b0“‘x2t0"f1 ‘stat-kc-doubl e x3b
1 StatICNQQBbéﬁ % x3to; stati.c double x3ab ,x3at; static
x3abo, x3at 0° A #éuddhﬁpébxebbiLQ@bKJLNE&quNUJdﬁubIe x3bbo, x3bt o;

doubLe.x3ch..x3QL,",§La£1§_QQHQL?“¥3cbo x3ct o; statlc doubl e x3db
st at.j ¢ doubl e x3dbo, x3dto; T TTTRTTTRRTemeses Srmevevens
void rcnd_Qa;,_hl(nmpl}
float *mapl;
{
inti;
int j=80;
int oflset;

float temp_datal;
float ternp_data2:
float lernp_data3;
float temp_datad:
char in_line{99);

FILE *data;

if (( data = fopen ("glagef.dar,"r")) == NULL )

{
pri'm(f ("\n\ ERROR ! Could not open data file GLAGCF.DATW"):
exit (-1); '

}
offsct = GLAG_COEFS$/4:

for (i=0; i<ofTsel; ++i)
{
if (fgets (in_line, j, daw) == NULL)
{
printf ("\n\t ERROR READING GLAGCF.DAT 117y;
prinf (M\n\t Could not read line Yod 0"k );
exit {-1);

}

if (sscanf (in_tine, * Y% %e % % -
&temp_datal,
&temp_data?,
&temp_data3,
&temp_datad) 1= 4)

{

printf ("\n\t ERROR READING GLAGCE. DAT Iy,
printf ("n\ ERROR ! Wrong format for line %d. \n"isl);
exit (-1); .

)

map{i ] =temp_datal;

mapl(i+( offset)] = femp data’

map {i+(2*offsct)] = temp_daasd,

}mapl[ﬁ-(} *offsct)] = emp” daast-

feloseqdatay;

reten;



static double x4b ,x4t; static double x4bo ,x4to, static double x5b , x3t;
static doubl e x5bo , x510; static double x6b x61; static double xdbo
,X6to; static double x7ab ,x7at; static double x7abo,x7ato; stati Emtzm}
doubl e x7bb, x7bt; static double x7bbo, x7bto; static double x7cb , x7ct;
static double x7cbo, x7cto; static doagle x7db , x7dt; static double
x7dbo, x7dto; static double xSb ,x3t, static double xSho ,xSto-. static
doubl e 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_Iwt_dcs o[.1; static |lluat u_tuh_dc,_old;
67 lluat 11 e t _dcs; (luat u W ilcs; static float bss gap crr_f; Static
that tss_gap--ef+-f..0)..//.Lniti.alize . States . t;..xIb = 0.0: xit = 0.0; x2b
= 0.0; x2t =0.0; e

INIT_DAS20 lnitializes the A to D card for interrrupt

and DM A level.

LE RS L TN
LA E K Rl Ry gy co--c-li---c---------.co------.aoq|ac-¢oqt--

-/

void init_das20()

{
Params[0] = DAS_ADDR: I/ DAS-20 base address
Params|l] = 5;  interrupt level
Params[2] = I: /f DMA level switch

/{ selectable on board

Flag = das20(0, Params);
s{f (Flag t=0) / Ertor if Flag not 0

pri.n(tfg"\m\dodc 0: Error in DAS20 initialization, FLAG=%d\n" Flag),
exit(-1y), . .
}

reurn;

}

/-
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INIT_DDAUG: [ntitalizes all analog outputs to 0 volts.

-
void init_dda06()
{

inti;

LEA LY RET Y]
-.--.I.IJ‘---i--l-...-lII“.‘I..I.IIH..-IIl----tﬂtil

for (i=0; i<=3; i++)

{
outportb (DDAOG_A.DDR + 241, 0);
outportb (DDAOS_ADDR + 2% + 1, 8);

outportb (DDAOG_ADDR] + 2°, 0y
outporib (DDAOG_ADDRI + 2+ + i 8);

H

return;

-
---------------------------------

DEFINE_QUEUE: Defines the A/D queue Tor Trggered stnples



F 3b =0.0; Il x3t =0.0; x3ab =0.0; x3aL = 0.0; x3bb -0.0-, x3bt =
; Xx3cb -0,0-, Cct =0.0; x3db =0.0; x3di-=0.0; x4b = 0.0; X4E =
. x5b = 0.0; x5t = 0.0; x6b = 0.0; x6t = 0.0; x7ab = 0.0; x#dEC2003
; X7bb = 0.0; x7bt = 0.0; x7cb = 0.0; x7ct = 0.0; x7db = 0.0; x7dt =
;, XSb =0.0; At =0.0; x99 = 0.@3 x9t 0.0; bss_accel _old =
bss_accel; tss acccl ofd = tss_accel; ss_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;,

-------------------
----------------------------------------
-

I

0.
0.
0.
0.

OOOO

void define_quene(chan g oum chaas)
it clhian(}:

it gain(};

int num_chans:

{
int1=0;

if (num_chans<2 || aum_chans>2048)
{ .

prln(lf ("\n Error in DEFINE QUEUE. Wrong number of channels”);
exi(-1) ‘

}

Params[0] = chan{0};

Params{1} = gain[0];

Paramsf2] = 2; /1 First Queue entry

'Flag = das20(!, Parame);

i{f (Flag = 0) f/ Error if flag not 0
printf(™nMode I: Ercor in setting First queue element. Flag=%ed\n™
Flag): '
exit(-1):
!
i+

while (i+]<aum_chans)
{
Params{0] = chani];
Params{l] = gain{i]
Params(2] = 0; # Next Queue enury

Flag = das20(1, Params);
1{1’(Flag I=0) # Error if flag not 0
pAnU{™nModc 1: Error in setting %d queuc element, Flag=%d\n" I,
Flag);
exit(-1);
H
i+

}

Params(0] = chan(i};
Paramis[1] = painl(i];
Params{2| = I: 1/ Last Queue cnmiry
Flag = das20(t, Paranis):
il {Flag = Q)

{

pantli™nMade | Error in serting Last gueue element. FI; 12="%d\n”
Flag). .

/f Errar if flag noi 0



return. ¢! ~C 68 xlb xIlb: xlto xlIt. x2bu = x2b. x2to = x21. : Ig x3b =
ng JI x3to = x3t: x3abo = x3ab: x3ato = x3at; x3bbo = x3bh_ ’XaﬂfﬁﬂTmm
x3bt; x3cbo = x3ch; x3cto = x3ct; x3dbo = x3db; x3dto = x3dt; 54 0 =
x4b; x4to = x4t; x$bo = x5b; xS to x5 t; x6bo = x6b; x6to = x§t, x7abo
= X7ab; x7ato = QCat; x7bbo = x7bb; 5§7bto = X7bt; x7cbo = x7cb; chIo _
-Oct, x7dbo = x7db: x7dto = x7dt; x8bo = x3b; Xsto = xst; x9bo = x9b:
x9to = x9t; // Integrate Position signal for high static stiffness

e -1y,

1

1

elur,
'
i
1
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SET_BLOCK _TIMER_FREQ: sct programmable timer for mode 27 scan

.-.It...‘.'..‘.'..“.lll.Il.-‘----J-lt'-‘.‘-.lﬂtttv".t“"--'-.'..‘..."

=/
void set_block_timer_freq(freq)
int freq;
{
Params([0] = 1060, /f counter |
Params{1] = 5000/req; # counter 2
Flag = das20(25, Params):
if (Flag !=0) /l Ereor if Flag not 0
{ .
print("\nMode 25: Error setting up bleck timer. FLAG=%d\n", Flag);
exit(-1);
}
return;,
]
i
!'

C-‘t----tic---.l.o----41---.------.-.c----t---a-t----:al-ittt:tttt-i-llit

ANALOG_OUT: Scnds analog commands 10 the electromagnet
amplifier from the DDADS card.

l-ttllI--lllntlli.t'-l.lt--lrlltll‘!'t---Illl-t-t-tliitl-l$‘!¥-¥t‘--l"'-
=/
void analog_out(ch, data)
int ch;
int data;
{
int zero_offset = 2048;
int max_analog_cmd=4093:
int min_analog_cmd=0;
int high_byte;
int low_byte;

daa = daw + zero_olfser;
i!(dal.a>=ma.\‘_analog_cmd)
[ daa = max_analog_cmd:
i}f {data <= min_analog_cmd)
‘ daa = min_:mnlug_cmd,
Iltigh_byu.- = da/256,;



xlb =state coefs(0] " xlbo +state coefs(ll bss gap err, x 1t =

state coefs[20] ' x Ito + state coefs(21 ] tss gap_err, Il integrate
accel eroneter signal for danping x2b = state_ Coefs[2] - x2bo + - § DEC 2003
state_coefs(3] bss_accel;- x2t = stale _coefs(221 s z2to + state_coefs(23)

tss_accel; Add lags to integrated acceéberorret er signal x3ab =fag coefs(0]
x3abo + lag_coefs(l ] " x3bbo + |lag coefs(2] ' x3cbo + |ag-cocfs(31 -
x2bo; x3bb = lagcocfs(a) ' x3abo +iag cocfs[5] - x3bbo + lag_cocfs(g -
x3cbo + lab cocfs(7] - x2bo; x3d) = 1I:tg_cocfs(q x]Jaiw + I:ig_cocfs(')]
x3bl o + | ahvouchtsifulQl, aX3gho + lag_cocf, ( Il x2bu. 69 x 1~1l, =1;
ly Coelsl 121 ' x3ab lag Ck:fsl It .t I* Gbb { taS ca~fs(14 0C3 +.1;
~_cocfsl 15buppRilLnBaHOGR 4 asacRWfisly, U[ * x3alo } a9 cocl 21 ] 9Bbta +
|- 9-cue s("JoupmBrRbDrit Amprcoe-: a(+230is ¥2Ho. x3bt = lag_cocfsl1241 x3aio *
| 30_cocfs]25] x3bto + lag Cocfs(261 ' x3cto + |lig _caefs[27) x2to; Cct.
i ag_coef s(28%um. x3ato + lag cocfs(291 x3bto + Ilag_cocfs[30] * x3cto +
|l ag_coefs[311 ' x2to; x3dt = lag _cocfsj32] * x3at + lag _coefs[33] * x3bt +
lag cocfs[34] x3ct + lag _cocfs[35] '.x21; /1 High pass filter integrated
accel eroneter to renove dc offset x4b = state _coefs(4] x4bo +

statd coefd[51 x5bo + state coefs(6] * x3dbo; x5b = state cocfs[71 '

LR B LEJ

x4bo + stat’c’ CocT s8] " XBhHE ¥ st-at e cort ¢ 9« *xSdiros - xGiye=-
state_coefs(101 x4b + state_cocfs[ 111 x5b + state eoefs(12] ' x3db; x4t
= stzt e_cocf s[ 24MNALOGQUT Lisiepds enalog eftmys26BNCs fuGtiagnestic pinase. coef s(26]  x3dt o:

x5t = StatC (oefs(27]...x,' to + state cocfsf 23] x5to - statecoefs(29]

-
X3dt 0_ LR .I.‘t-..Illt‘i‘li‘it‘--.“-'-.‘i.IIiﬂi-t-t‘l*tttttﬁﬂiﬂti..-'

*/
void analog_outI(ch, data)
int ch;
int dawa;
({
int zero_olfset = 2048:-
int max_analog_cmd=4095-
int min_analog_cmd=0;
int high_by1e;
int low_bvte;

data = data + zero_ofTsel;
il (daw>=max_analog_cind)
{

data = max_analog_cmd,
} ‘
if (data <= min_analog_cmd)
{

data = min_analog_cmd;

high_byte = data/256;
low_byte = data - high_byte = 256;

outportb (DDA0G_ADDRI + 2 * ch, low_byte);
outponib (DDAO6_ADDR!| +2 *ch + I, high_byte);

return;

}

/-
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SS_CONTROL: PID ¢ontral for Side To Side axes,

.‘i.l-tu..llllI---'----I-C‘--“..-.“'

*f

vaid ss_comrol(oul.bss_ghp Crr,1ss_gap crr
bss_accel.tss_accel,
state_cocfls.pidin_cocfy,

------- L R R Y P R ]



x6t = state_coefs(30] * x4t + state coefs[3 |I] - xbt + state coefs[321
x3dt; 11 Add lags to position signal x7ab = plag _cocfs[0] x7abo + plﬁﬁ
coefs(l ] x 7bbo + plag cocfs(2) * x7cbo + plag cocfs[3] bss gap_err? Egﬂmﬂ
x7bb - plag _coefs(4] * x7abo + plag _coefs(5] * x7bbo + plag_coefs(6]

x7cbo +' plag _coefs(71 * bss_gaperr ob%; x7cb = plag_coefs(81 * x7abo +

pl agcocfs(9] x7660 + plag_coefs[ 10™ x7cbO +.plag cocfs(1 I ] ' bss gap
err_old; x7db = plag cocfs(121 ' x7ab + plag _cocfs(13 ] * x7bb + pl 3g
cocfs(141 x7cb + plag_cocfs(15] bss_gap_err; x7ai = plag cocf; (20]
x7ato + plag_cocfs(2 11 Ms.se7heler_e<spla9 cocf;[221 ' S7CI O + plag_cocfs(23l
tss_gap cn{qu~i; x7bl 2 pla6 crk:1's(3d] x7ato + pl;ig coc:f; (251 9%b(t)
+ pI:Igcqf&hﬁW; Zgil * x7Cto + plag CoCfs(271 Iss _gap_err_old, 70 Cct =
hi: ~g_coel {81 *-KI"-7al 0 * i>1 g_cocl t27] x7bio 4- Plag, cocfs(30] s70I1 a
plst;-t~kfs] 11T -T'ss_g:tp_err old. x7dt = I1l;tb coefs(32] * x7;it - 17I;
i g _eocfs] 4Ph I plagcoefs(34( x7ct + pl:lgcoefs(35] tss_cop crr;
bss_gap Crﬁ'%sﬁ: dh, tss, ,ap_err_f = x7dt; /1 Conpute Qutput Il Bottom
Side To Sigle Aciughpr 11 Integrated position for static offset loads //
pl us integfat, &ggﬁe[eroneter for danping u bot des = pidmcoefs(0] ' x |
b+ pidmc ﬁ?haﬁ£&ﬁ% i t+ pidmcocfs(21 x6b + pidmcocfs[3] x6t + It
Proportiongli.garn on position for spring rate pidmcocfs[4) ' bss_gap_err_f
+ pidmcogfs(5] ' tss_gap_err f u_bot des = u_bot_dcs ' pidmcoefs(6];
/1 Top Side daicIbae Aetyator 11 Integrated position for static offset |oads
1/ plus int ggrcabat asceli@rometer for danping u_top_des=pi dm cocfs(101' xl b
+pi dm coef sicldoatlextb x2t;
static double x2bo x2t0;
/I static double x3b ,x3¢;
/! sulic double x3bo ,x310;
static double x3ab ,x3at;
static double x3abo,xJato;
static double x3bb x3br;
static double x3bbo,x3bto;
static double x5cb ,x3cr:
static double x3cbo,x3cto:
suatic double x3db ,x3dr;
static double x3dbo,x3dio;
static double x4b x4t
. static double x4bo xdio;
static double x5b x5t
static double x3bo ,x5t0;
static double x6b x5t
static doubla x6bo ,x6ug;
static double x7ab x7at;
siatic double x7abo,x7ato;
static double x7bb xTby;
static double x7bbo, xThto;
static double x7ch ,x7ct;
static double x7cbo,x7cto;
static double x7db x7di;
static double x7dbo,x7dto;
static double x8b ,x8c:
static double x3bo x31a;
static double x%b ,x9t;
static double x9bo ,x%to;

static float bss_gap_err_old;
static float ss_gap_err_old;

static float bss_accel_old,
static float 155_aceel _old,

staug Moat u_bat_des_eld;
staue Hoat u_top_des_old,



pi dm cocfs(121 x6b + pidmcoefs(13 ] ' x6t + /1 Proportional gain on
position for spring rate pidmcoefs[141 ° bss gap err f + pidm _coefs[t5H]
tss gap_err _f; u top des = u_top_des pidmcocfs(16]; '(out) = u bot-quftzw3
"(out+l) = u_top_des; bss_accel _old = bss accei; tss_accel oId =

tss_accel; bss_gap_err_old = bss_gap_gjr; 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- Pl “Geﬁfﬂdi for Froiit To flack axes.

Mot u_tup_d
1 voidlIb conf, ; H fb gap crr, brfbgap_err, float our, float
bl fb_gap_ crr,glq mtuﬁﬁfb p crr, float tlfb gap crr, float
trib_gap_crr, -°F bF 8™ atcel ; float brfb_acccl; float tlfb_accd;

float trfb aced; float state coefs(]; float pidmcoefs[J; float

lag_cocfs(J; if(| aafy Alag.c08ts(): Tnt i |

]

xlb =040
xht =00,
x2b =00;
2t =00

. x3b =00,
i x3t =0.0;

x3ab  =0.0;
x3at =00,
xibb  =0.0;
xIbt =00
xicb  =0.0;
x3ct =0.0:
Xldb  =0.0;
x3dt =00
xdb =00,
x4t =0.0;

x5 =0.0;
3t =00

b =0.0;
X6t =00

x7ab  =0.0,
xlaa =00
x7bb =0.0;
X7t =0.0;
xX7¢b  =0.0;
X7t =00
x1db  =0.0;
XIdt =0.0;

x3b =00

x3t =00

X% =00
Xt =00

.bss_aceel_old = bss_accel:
tss_accel _old = 1ss5_accel;
bss_gap_err_old = bss _23p_erm,
Iss_gap_err_old = ss_gap_err;
u_bot_des_old = ¢;
u_top_des_old =0;

*{ou) =0.0;
“(out+l) =00,

retyrn,

}

clze



ti Ib_gap crr,trfb_eap_err, bl Ib_acccf,brfb_acccl, tlfb_accel,tr(bacct!,
statc_cocfs, pidmcoefs,lag cocls,plag cocfs,i) static double \Ibl xlIbr

xlItl xitr ; static double x Iblo x| bro ,x 1tlo ,..i lro static a&ﬂﬁﬁeﬂm
x2bl x2br x2tl x2tr static double x2blo x2bro, 'tlo ,x?tro ; 11 static
doubl e x3bl x3br .x3t1 " 3tr 11 stati gglouble x3blo ,e3bro ,x3tlo .x3tro ;
static double x3bla x3bra ,.3tla x3tra ; static double

x3bl ao, x3br ao, x3tl ao, vtrao; static double x3blb x3brb,x3tlb ,x3trb ;

static doubl & x3bl bo,\3brbo. x3tl bo, x3trbo; static double x3blc .x3brc
x3tlc,x3trc ;~xlgt atile: doubl e x3bl co, x3brco, x3tl co, x3trco; static double
x3bl d x3brd, x84 d=%8trd ; static double x3bl do.x3brdo, x3t| do, x3trdo;
static doubl ex¥8bi=sbr x4d ,x4tr; static double x4bl o x4bro x4 do , x4tro;
static doubl e§%§‘5bl=-">’<5b_r x5t ,x5u static double x5blo x5bro x5tlo , x5tro;
static doulf e ¥Bbl X®¥r x6LI ,x6ts; static double x6blo x6l5ro0 ,x6tlo
 xGro: statiPdodv¥’e x7bl x7br x7tl .x71r: static double x7blo

x7bro. x7t1 o , X7t} o; ¥®tatic double xSbl xSbr. ,xStl ,<Sir;. static double
xSb! o x3bro s¥f% 1§?§’i_ro, static double x9bl x9br 00 ,x9tr. static double
x )blo ,x bro® 0%t ro-. static float bl fb_6ap_crr_old. 72 S1;11 it

110; L 1 1n I:\,Jlgc’l o JP".crr_ot4I ; slatii Ilo:tt Iltbh b:lp crr_old; Sl:uiC
. : N =x3ch; . ; .
[Ttt:u irl b_gﬂtcr~_=c‘r.. I oid static float bttb acccl _old;
4 Xoct,
x3dbo = x3db:
xidie = x3dr;
xdbo  =xdb;
x40 =x4r
x$bo = xSb;
X5to = x5
x6bo = x6b:
xfl0 = x6L
XT7abo = xTab;
x7ate = xTar;
xX7bbo = xTbb;
N7ble = x7bt;
x7cbo = xTch:
xTclo = xTet;
x7dbo. = x7db:
X7die = x7d(
x8bo  =x8b;
x8te  =x3i
x9%0 =x9b:
x9t0  =x9

/1 Integrate Position signal for high static stiffness

xlb  =state_coels[0] * x1bo +state_coefs[1] *bss_gap err

xlt  =state_coefs[20] * xltwo + state_coefs[21] * 1ss _gap-crr,
{7 Integrate acczlerometer si gnal for damping

X2b = sute_coefs{2} * X2bo + state_coefs{3] = bss accel;™

X2t =stale_coefs{22] * X210 + state_coefs{23] * lss—acccl',

// Add lags to integrated accelerometer signal

x3ab  =lag_coefs[{0] * x3abg + lag_coefs{1] * x3bbo +
lag_coefs[2] = x3cbo + lag_coefs(3] * x2ba;

xibb = Iag_r:ocfs‘[-t] © xJabo +1ag_coefs(5] * x3bbo +
tag_coefs(6 * x3cbo + lag_coefs{7] = xIbo:

x3ch = lag_coefs[8] * xJabo + lag_coefs[9] * x3bba +
lag_coels(10) * x3cbo + lag_cocfs{11] * x2bq:



static float brib _acccl _old,, static toat tllb acccl _old; StatiC Il oat
trlb_acccl old, Static float u bl _des old; Static float u_br des old;
Static float u U _des old; static float u tr_des old; float u_bl d8dlEC 2003
float u_br_des; float u_tl_des; float u_tr_des; float blfb_gap crrf;
float brib_gap err_f; float tifb _gap epr_f; float trfb_gap_crr_f; if (i =
0) 11 Initialize States { xlbi =0.0; xlbr =0.0; xItl =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; \¥§}I=?w0:q; ,X3tr = 0.0; x3bta = 0.0; x3blb =0.0: x3blc =
0.0; x3bld = .q%jfighﬂ&J;fOPOﬂ“LXBﬁﬂb'2“@1O; x3brc = 0.0;
AL_COSTS[14]™ xJch + lag_cocl5(15] * x20.
x3at = lag_cocls{20] * xJaw + lag_coels|21] * x3bio +
lag_coels(22] * x3c10 + lig_coels(23] * x2to,

xIbt = lap_coefls[24] * x3Jarg + lag_cocfs[23] * x3bwg +
fag_cocls{26] * x3cto + lag_coels[27] * x2i0;

xJoa = lag_coefs[28) * x3ate + lag_coefsf29] * x3bto +
lag_coefs30] * x3cto + lag_coefs{31] * x2i0:

x3du = lag coefs[32] * x3at + lag_coefs(33} * x3bt +
lag_coefs{34] * x3ct +lag_coels(35] * x2¢;

// High pass filter integrated accelerometer to remove de offset

x3b = state_coefs{4] * xdbo + staté€_coefs[S] * xSbo +
stte_coels[6] * x3dbo;

x3b = state_coefs{7] * xdbo + state_coefs[8] " x5be +
state_coefs[9] * x3Idbo;

x6b = state_coefs{l0] * x4b + state_cocfs[H1} * x5b +
state_coefs(12] * x3db;

x¥# =swate_coels{24] * xdo + state_coefs[25] = x50 +
state_coefs{26] * x3dio;

X3t =stale_coefs{27] * xdto + stale_coefs{28] = x50 +
siate_coefs{29] * x3dio;

X6t = suie_coefs{50] * x4t + state_coefs[31] = x5t +
state_coefs[32] * x3du

/1 Add lags to position signal

x7ab = plag_cocfs{0] * x7abo + plag_coefs(1] * xTobo +
plag_coefs[2] * x7cho + plag_coefs[3] = bss_gap_err_old;

X7bb = plag coefs{4] * xTabo + plag_coefs(5] = x7bbo +
plag_coefs[6] * xTcbo +plag_coefs(7] * bss_gap_err_old:

x7cb = plag_coefs(8] * x7aba + plag_coefs(9] * xTbbo +
plag_coefs{10] * x7chq +plag_coels[11} * bss_gap_err_old;

x7db = plag_cocfs(12] * x7ab + plag_cocfs(13] = xTbb +
plag_cocfs{14) = x7cb + plag_coefs(15] = bss_gap_er,

X7 = plag_coefs|20] * x7at0 + plag_coefs(21] * xThio +
plag_coefsf22] = x7eto + plag_cocfs{23] < 1ss_gap err old:

XTot = plag_caefs{24] * xTato + plag_coefs|25) = xTug +
plag_coclif 26} = x7eg + plag_cocls[27} * 1ss_gap err old:



.,3brd = 0.0; x31la =0.0; x3tlb =0.0; xitlc =0.0; x3t!d = 0.0;

x3tra = 0.0; x3trb =0.0; \3trC=0.0; x3lrd =0.0.- x ibi = 0.11; 68520
x.l In= 11.+1; x.til= 11.11 x4lr= 11.11; x5bl= 0.0; x5br= O 0; x511= @, . 03
x5tr-0,0-. x6bl= 0.0; x6br=0.0; x&I .=0.9; x6tr= 0.0; x7bl= 0.0; x7br=
0.0; x711= 0.0; x7tr= 0.0; xSbhl= 0.0;7§§br: 0.0; X811= 0.0; x3tr: 0.0;

| :9bl = 0.0; x9br= 0.0; x9tl= 0.0; x9Lr'= 0.0; blab acccl _old= bitb accel;
brib accel _old = brit acct!; -

xTet = plag_coels]28] = xTata + plag_coefs(29] * x7bia +
plag _coefs|30] * xTewn + plag_coels[11] * t35_gap_err_old,

XTdv = plag_coefs{32) * 8T - plag_coels|33] * atbl v
plag_coefs{34] = x7a + plag_cocfs(35]| * 1ss_gap_err;

Lss_gap_err_f = x7db:
tss_gap_err_[=x7di;

# Compute Qutput
{/ Bouom Side To Side Actuator
// Integrated position for static ofTsct loads
/1 plus integrated accelerometer for damping

u_bot_des = pidm_coefs{0] * x1b + pidm_coefs(1] * xIt +
pidm_coefs(2] * x6b + pidm_coefs{3] * x6t +

/f Proportional gain on position for spring rate
. pidm_cocls(4] * bss_gap_err_f+
pidm_cocls{S] * wss_gap_err_f:

iu_bot_des = u_bot_des * pidm_coefs(6];

/f Top Side To Side Actuntor
/1 Integrated position for static offsct loads
/1 plus integrated acceleromater for damping

u_top_des = pidm_coefs{10] * x1b + pidm_coefs(11] < xit +
pidm_coc(ls[12] * x6b + pidm_coefs{13] * x6t +

/] Proportional gain on positian for spring rate
pidm_coefs[14] * bss_gap_err_[+
pidm_coels[15] * 1ss_gap_err_f;

u_top_des = u_top_des * pidm_coefs{16];

*(out) = u_bot_des;
*{out+1) = u_top_des;

bss_accel_old = bss_accel;
tss_accel_old = tss_accel;
bss_gap_ert_old = bss_gap _err:
tss_gap_err_old = (ss_gap_err;
u_bot_des_old =u_bat_des;
u_lop_des_old = u_top_des:

teturn;

}

—



tlib_accel _old =tllb accel; trfb_accel _old = trfb_?cgel; bebrgap_err0|d
= blib gap err, brit gap err old = brfb gap err, tltb ap crr old =
tIfbgaBgeEr trth_gap grP_oId = trtb _gap_err u bf _dcs old - 0.0; u-BdEC 2003
desold= 0.0; u_t! des old = 0.0; wu tr des old = 0.0; "(out) = 0.0;
*(out+l) =0.0; '(out+2) =0.0; '(oul®#3) = 0.0; return; } else { xlblo
xibl; xlbro xlbr, xIIl0 x111; xltro xltr; x2blo = x2bl; x2bro = xzpr,
x2tl o v2tl x2tro = x2tr; Il x3hlct = x3bt. x3hl:w = x3bla; 74 x3blL'a =

x3lillf; 1x3klLco.= 3b|c X.3bWo = N3bid: x3bro = x3br; x3brio = x3bra;

-------- -n-...

X3br bO L X3brb |X3brCO i X3b-.a--a.q-o----o---------a....o--c-l-oto---ccc
FO_CONTROL PID control for Fram To Dack axes.

“f
void Ib_controI(oul,blfb_gap‘_crr,brfb_gap_crr,
Ufb_gap_crr,trfb_gap_err,
blfb_accel,brib_accel,
UMb _accel irfb_accel,
sulc_cocfs,pidm_cocfs,[ag_cocl‘s,piag_cocl‘s,i)
float *out;
(loat blfb_gap_ecrr;
float brfb_gap_err;
float tkfb_gap_err;
float trfb_gap_err;
float blib_accel;
float befb_accet;
float Ufb_aceel:
float trfb_accel;
float state_coefs{];
float pidm_coefs(];
{loat lag_coefs(];
float plag_cocfs(];
int i;
{
static double x1bl ,x1bre Kld o xle
szauc dauble x1blo x1bro xltlo \luo
static double x2bl | x2br x24 N2
static double x2ble x2bro 2o t.u-o
/I swatic double x3bl x3br 234 x5
/I static double x3blo x3brg 3o x3tro ;
static double x3bla ,x3bra X3ta x5tra
static double x3blag v X3brag,x3lao, \.:trao
static double x3blb ,x3brb x3lb SAub
static double x3blbo, x3brbo,x3tlbo \Jlrbo
static double x3blc ,x3Ibre x3Uc X3tre ;
static double x3blco, x3breg XJtlco \.>cho
static double x3bld ,x3bed 2X3dd xSued ;
stalic double x3bido,x3brdo dude \Jtrdo
static double x4bl ,x4br XA s
static double xiblo ,x2brg Xdtlo xdtro;
static double x5bl ,x5br x5U xS
static double xSblo ,xSbrg X3tlo x5tro;
siatic double x6b1 x6br X6t 6L
satic double x6ble ,xGbro X6ula x6irg;
static double x7bl x7br N ST
static double x7blo ,x7bro XTtlo x7iro;
static double x8bl ,x30r XS0 xSt
static double x8blo ,x8bro A3do \Slro
static double x9bl X9y AN X
static double x9blo X9l AN x91rg:
static floa bifh _Bap_crr_old;



x3brdo = x3brd; x3tlo = x311; x3tlao = x301; x3tlbo = x3tlb; x3tko = x3tlc;
11. 31ldo = x3t1d; x3tro=x3tr x3trao = x3tra; x3trbo =x3trb; x3trco Eﬂfﬁt%mﬁ
x3 trdo = x3 trd; x4blo = x4bl; x4bro = x4br x4ilo = x4tt; x4[ro = XAr,
x5bl o = x5bl; x5bro = x5br x5tlo= x511; x5tro = x5tr, x6blo= x6bl; x6bro =

x6br, Ado= x6t1l; x6tro 72

stahie o beth_pap_err_old;
static Doat ttb_pap_err_old;
stitic Doat trtb_gap_err_ald;
static float blb_aceel_old,
siatie Noat brib_aceel_old;
static Nont tib_accel_old;
stauc float trib_nccel_old;

static float u_bl_des_old,
static (toat u_br_des_old;
static float u_tl_des_old,
static float u_tr_des_old,
float v_bl_des;

Noat u_br_des;

float u_d_des;

float u_tr_des;

float blib_gap_err [
float brib_gap_err_F
float b _gap_err_f;

13

float utb_gap_err £

if (i = 0) // Iniualize States

{
xlbl  =0.0;
xlbr =00
xld =0.0;
xlir =00
xbl =00
br =00
22U =00
2u =00

# x56l =0.0;
/i x3br =00
i %30 =0.0:
i S =00

x3bla =0.0;
Wbk =0.0;
x3ble =00
x3bld =0.,
xibra =0.0:
x3brt =0.0;
x3bre =0.0;
x3brd =00,
xJla =00
Sl =0.0;
Watle =0.0;
xidd =00
xdra =00;
seh =00
xJuce =40;
s3rd =0

bl =00



= X6tr, Xxiblo= x7bl; x7bro - X7br; x7tlo= x711; x7tro = x7tr x3blo = xSbl;
x3bro = x3br, xStlo = xstl; xstro = xstr, x9blo - x9bl! x9bro = x9br x9tl| a=
x9t1l; x9tro= x9tr, 1/ Integrate Position signal for high static stlff-rgeﬁsgmm
| bl = slate coefs(Q] * xIblo + state coefs(l) - bUb_gap err, x lbr =
state_coefs(201 x lbro + state cocfs[2Zd J brfb gap err; x 1tl1 =
statc_cocfs(40 J x | do + state coefs(411 tlfbgap err; x | tr = stoic

coefs(60 J Xl t @+ state coefs(61 J ' irfb Jgap~err; |l Intcgrntc

accel eronet erxigi gaql, for danping x21,1 = state codfs[2J x2blo +

st at e_cocN1311:bl abnacccl x-21) = stal e cocf;122] x2bro + state

cocfsl 231 ' hestib_agaec! . 75 X "Il =Stab Cc d 1d?] . 2llo + stale c~xG J t3('

1 1) _1GCCl, xs2i Eom- SCIIC Crlcls[4?] x2tro + state-CCx:fs(O3] 1rtb :aced;
1 Add I|:1gs 50 isb.egr:ucd accclcroniclcr signal x3bla = 1:1g cocfs(01

x3bl ao + |l ag xcoefsfoll x3blbo + 1.ig_cocfs[21 x3blco + lag_c-cfs(3]
x2bl o; . x3bldsbi= Fag, cocfs[41 ' x3blao + | ag cocfs[5] x3blbo +

x6br  =0.0;

x6U. =00

x6tr  =0.0;

x7ol =00

x7br  =0.0;

xl =0.0;

X7 =0.0;

x8bl = 0.0;

x3br =00;

80 =040

x8r =00

x9bl =00

x9%r =00,

xSd  =q.0;

. =00,

blfb_acce!_old = bifb_acce;
befb_accel_old = brib_accel:
tUfb_accel_old = tfb_accel;
ufo_accel_old = trib_accel;
blfb_gap_err_oid = bifb_gap_err;
brib_gap_err_old = brib _gap_erm,
Ulb_gap_err_old = b _Eap _erm,
tfb_gap_err_old = uth _gap_erm,
u_bl_des_old = 0.0;

u_br des old = 0.0;

u_u_des old =0.0;

u_tr_des old =0.0;
*(out) =0.0;
*{out+1) = 0.0:
*(out+2) = 0.0;
*{out+3) = 0.0:

retum;

}

clse

{
xlblo =x1bl;
xlbro =xlbr
xltlo = x1;
xlro =xlir;
x2blo = x2b[;
x2bro = x2br
e = x4
xUro =X

I x3blo = X3t
xIblao = x1bla;



|l ag_cocfs[G x3blco + lag_cocfs(71 * x2blo; x3blc = lag coefs(3] * x, 3blao
+ lag _coefs(9] * x3blbo + lag coefs(10] x3blco + lao coefs[| | ] *_ ﬁ%tgt%m
x3bld = lag cocfs[ 12] ' x3bla + lag_coefs(13] * x3bib + [|ag_cocfs(14]
x3blc + | ag _coefs[151 * x2bl; x3bra = lag_coefs[20] * x3brao + | ag
coefs[211 * x3brbo + |ag_coefs(22] X3brco + |lag_coefs(23] ' x2bro; x3brb
= lag_cocfs(24 * x3brao + lag cocfs[251 * x3brbo + |ag cocfs(261 x3brco +
| ag_coefs(271 ¢y,xgbr O,,. X3brc = lag coefs[23] x3brao + | ag_cocfs(29] *
x3brbo + | ag_cogl.s(30,.x3brco + lag_cocfs[31 * x2bro; x3brd = |ag
coef s[ 32] x3branm, | agygoef s(331 - x3brb + lag_tocfs(34] x3brc +

| ag_cocf s(35] '_\-3m2,br=-xab,§<3da = lag cocfs(401 * X3 L120 + | ag coefs(411 *
.r.3tlbo + |agveeefshd2l x 3dca + |agcoefs[43] * x2tlo; x3 tlb =

| ag_coef s[ 44] Hoxw3td @@t | ag_coefs(45] * x3 tibo + lag_coefs[46] * x3tlco
+ | ag_coef s[ 473brco x24¢3h@; x3 do = lag coefs[43] * x3tlao + | ag_coefs[49] '
x3tl bo + | ag co@és€bBld * x30co + lag _cocfs[51] * x2tlo; x3tld =

| ag_coefs[ 520 'siaadt+ e+ | ag_coefs[ 531" x3tlb + |ag coefs(54] * x3tlc +

| ag_coef s[ 55] *Bua2t=lsjux3tra .= lag_cocfs[6o0 x3trao + |agcoefs(611 *
x3trbo + | ag Goef (x8&; x3Lrco + lag _coefs[63] ' xitro; x3trb =

| ag_cocf s[ 64] xIudt Faduet | ag cocfs(65] * x3lrbo + 1ag coefs(66] x3trco +

| ag_cocfs[67] It me3ud;x3trc = | ag. cocfs(@&3] xJtrao + lag cocf[69] x31rbo
+ lag_cocfs70<3x81rsbr.+ | ag cocf (7t 1 ' x2tro; x3trd = lag _co_f[72(

x31lra + | ag_coefrd 73dira; x3trb + 76 lag_Lncl};17.13 .. . "trL: +1;'. eL
|':17:] ' x2t rX3ubsf [99gh }pass filter integrated acccicrontctcr to rcnwec dc
of fset x4bl =Xt c3¢6cfsJ41l  xabio 4- state cocfs{5j x5blo + state

coel s[6] x3bldbd% yBBKd= stxtc _cocfs[7] x4blo + state cocfs[3] x5blo +

st 3te_cocf s[ 9]¥"Rj 5I*4d: x6bl = state coefs[ 10] x4bl + state cods[ 11j °

X5bl T x4bro” = x4br;
xdtlo = x4
xdtro = x4
x5blo = x5bl;
x3bro = xSbr:
x5do = x5
x5tro = X3
x6blo = x6bl;
x6bro = x6br;
x6llo = x6u;

X6tro = X6
x7blo = x7bi;
x7bro = xTbr;
X7tle =x7;
XTro =xNr

x3blo =x3bl;
x8bro = x8br;
x8do =x8U;

x8uro = xS8tr;
x%bio = x9%bl;
x9bro = x%r;
xStlo = x9;
xtre =9

H Integrate Pasition signal for high static stiffness

.\:lb[ = state_coefs{0] * xlblo + state_coefs[1] = blb_gap ém;
Xlbr = state_coefs[20] * x1bro + state_coefs[21] * brfb__ga-p er,
x{l[ = state_coefs[40] * x1tlo + stae coefs(41] * tb_gap em;
xir . e

= state_coefs[60] * xlrg + state_coefs{61] * ufh_gap~err™"
i Integrate accelerometer signal for damping

x2bi

' =statc_coels{2] * x2blo + state_coefs(3] * bifb accel
Nahr n :

= stae_coefs{22] * x2br + state_coefs{23] < brfb_accel:



statc_cocfs[12] x3bld; x4br = state_coefs[24) x4bro + sm c coefs[25]
xbbro + state cocfs[26] x3brdo; x5br = state coefs(27J 'x4bro + stab@
coefs(23] x5bro + state coefS(29] x3brdo; x6br - Stateeoefs[30] X IEEJU[B
state coefs[3l ] ' x5br + state_cocfs[32] x3brd; x4tl = state_cocfs(44] =
x4tlo + state_coefs{45] x5tlo + statggcods[46] ~ x3tldo; x511 =
Statc_cocfs(471 x4tlo + start cocfs[43] x5tlo + state coefs(49] x3tl do;
x6t1l = stat c_g_:plpf s=[q5"(3]_ - X411 +state_cocfs[51] x5t1 + st3tc_cocfS(52) -
x3tld; x=v = Sllpta'_flp_e‘fo’g("%‘,i]_ N3l ¢ Hpte kil Gt ate_fewtf [ 65]  x5tro +
statc_cocfs[66] x3UTdor "YBHP0L s3e £oelsldbefr@8%). x4tro + state coefs(68] -
x5tro + st o] 69J.,.. x3trdo;, ,x6tr = state_coefs(701 x4tr +state
coefs[71J /{i’t%(?dr_ﬁﬁ?qgg'g"é?'éd%:b“(';“f°s"[°'_7f2‘]8“i"x3trd; x7bl = piag _coefs(0] x7blo +
pl ag_coefs[ 1.4y, X3PRl.Q.cd0 Pl cocfs[2] . blfb~gap_err_old; xSbl =
ol ag_cocf s(3 ]jb*"‘ m?’ Oﬁﬁﬁﬁ%kﬁ\gg‘%@'?ﬁ%kﬂ_ X0+ pl ag_coef s[5J
bllb g3p _err _old; x9bl = piab_co 8 T RIB + pl ag_cocfs(7J xSbl +
pl ag_cocf s(. Ylinh!l £ R, @ re 7 = ,;..cocf:;[ 101 x7bro + plagcocfs(
Il 1 ] x$bro + ply @@Qé%gﬂi?ﬁflaﬁﬁg%ﬁ?fold; 77 stit)r - 1 lg_cocis]
131 x7bw i 1)1:%GoCL I 14 (< b1 £ _Tg-cu. Il 151
brib_g:il p_cryad o 1aX'cddis)d] —aihadl gﬂg (164, x7br - pl:~g Ca~CG 1 171 x5hr
pi:tb _000Cs( | brfih_g_lcbéﬁ[px;r‘rx;blgg,ﬂgg?iﬁf[— E; _cocfs(2Q " x700 + plas
coefs(21 ] ' Ado + plag_eocfs(2721 tPf]bg"_,‘,sp_er r_ol d;

x3bld = lag_cocfs[ll] * xJbla +lag_coc[5[1]] * x3Ibib +

lag_coefs[14] * x3ble + lag_coefs[15] * ﬂbl:

x3bra = lag_coefs{20] * xIbrao + lag_coefs[21] * x3brbo +
lag_coefs{22] * xSbrco + lag_coefs(23] * x2bro;

x3brb =Tag_coefs[24] * x3brao + lag_coefs[25] * x3brbo +
lag_coefs{26] = x3breo + fag_coefs(27] * x2bro;

x3bre = lag_coefs[28] = x5brao + lag_cocfs{29] * x3brbo +
- lag_coefs{30] * x3brea + lag_coefs(31] * x2bro:

x3brd = lag_coefs[32] * x3bra +lag_coefs[33] * x3brb +
lag_toefs(34] = x3brc + lag_coefs(35] * x2br;

x3da  =lag_coefs{40] * x3tzo + lag_coefs{41] * x3ubo +
lag_coefs[42} * x3tco + lag_coefs{43] * x2tlo;

N3Ub  =lag_coefs{44] * x3dao + lag_coefs[45] * x3ubo +
lag_coefs{46] * x3tico + lag_coefs{47] = x2tlo:

x3te  =lag_coels[48] * x3Uzo + lag_coefs(49] * x3ubo +
lag_coefs[50] * x3tlco + lag_coefs[51] " x2uo;

X3td = lag_coefs{52] * x3Ua + lag_coefs[53] * x3tb +

lag_coefs[54] * x3de + lag_coefs[55] * xau;

xX3tra .= lag_coef5(60] * xdtrao + lag_coefs{61] * x3trbo +
lag_coefs[62] * x3uca + lag_coefs(63] * xdwro:
X3tb = lag_coefs(64] * x3traq + lag_coefs(65] * x3ubo +
lag_coefs[66] *x3urce + lag_coefs[67] * x2tro;
xJuc = lag.coefs(68] * xJirag + lag_coefs[69] * x3irbo +
Lig_coefs]70] * x3urco + lag_coefs[7t] * x2uro:

X3ued = lag_coels[72] * adir *+1ag_coefs[73) = x3irb +



X811 plag_coefs(231 x7tlo + plag_coefs(241 " xStlo + pl 3g_cocfs(25]

tIfb_g p_err_old; X90 = pl3gcocfs(26] x711 + plag_cocfs(271 xStl +

p[ 3g_eocfs(231 tllb _gap_err; x7tr = pl3g _coefs[30] x7tro + pl ag_co‘e& EE%ZUW
I] " xStro + plag cocfs(32) trfb jag err old; x3tr = plag coefs[33 |
x7tro _ plag_cocfs(341 xStro + pl3g_ggefs(35] trfb_g3p_crr old; x9tr =
pl an cocfs[361 x7tr - pla; cocfs(37] x3tr + plag cocfs[33] trfb _gap err;
blIb_gap_err f = %<_9’b[;__ brfb _gap_err f = x9br, tLfb_g3p err_f= x911;
trfb_gap err_f = X6t"Ednpie’ Batepuit 7SBOTTOM LEFT FRONT TO BACK ACTUATOR
'l Integrated Position for Static offset Loads plus I! Integrated

accel er omet,gf..f A, fanpj.ng u bji des = pidm cocfs(0] ' xIbl + pidmcocfs(1]
wor b am mesr SRR beliouggne rhuve s aber 5 11 Lagged atcel er onet or
for roll off pidmoGpefstdl, x6hl .+ pidmcoefs(5] x6br + pidncacfs[6] x611
+ pi dm coef s[ 7] g{%?%i%%g}.llx&ﬁ%éﬁ"@r“&fﬁ?' g%PH *on position for spring rate
pi dm cocfs[gl Dbllb gap err_ T + pidnt_coefs(9J brtb _g:sp _err _f+-

pi dm_cocf S( 10dsy1 | I=fsa;.0Q8 6 ¢, idnl.cocfs( I I ] Irib_gap crr_I",

u_bl _dcs = pi dm cagf s&ls?oslf f'ﬂﬁj’c,'ﬁit_“dﬁém?ﬂﬁ -‘SB"%EG 2003 78 /1 13()" T )R
Rital i T 1=RON F TO QACK ACTUATOR 11 Intcbratcd Puiit,on for Static Ofset
Loads pl us !/x6bnt egﬁccguasl-s[m}eg%engg@tcgcr&{]‘ﬁ)nxgqupi ng .

state_coefs[12] * x3bid:

X4br = state_coefs[24] * x4brq + state _coefs[25] * x5Sbro +
state_coefs[26] * x3beda;

x3br = state_coefs(27] *=x4bro + state_coefs(28] * xSbro +
state_coefs{29] * x3brdo;

XGbr = state_coefs[30] * X4br + stale_coels{31] * xSbr +
state_coef5{32] * x3brd;

x4l = state_cocfs{44] * xdtlo + state_coefsf43] * x3io +
sate_coels[46] * x3udo;

NS = slane_coefsf47] = xlo + state_cocfs{48) * x5ilo +
slale_cocfs{49] * x3ido:

XGU = state_coefs(50] = x1u + state_coefs{51] = x3u +
state_coefs[52] * x31id:

XU =state_coefs{G4] * xdurg + state_cocls[65] * x3iro +
state_coels(66] * x3urdo:”

X3U = state_coefs(67] * xdiro + state_coefs(68] * x50 +
state_coefs{69] * xSurdo;

X6tr = stale_coefs(70] * xdir *sute_coels[71] * x5ur +
state_coel{s{72] = x5ud;

X76l = plag_coefs[0} * X7blo + plag_coefs(1] * x8blo +
plag_coels{2] » bifo_gap_err_old;

x3pl = plag__coci:s[ll * xTblo + plag_coefs{4] * x3blo +
plag_coefs(3] = bifb _8ap_err_old;

XI5l = plap_coefs(6] * x7bl + plag_coefs{7] * x8bl +
plag_cocls(3] « bifb_gap crr;

x7r

= plug_cpcrsl 1] * xTbro + plag_coefs{11] * x8bro +
plag_coels{12] - brtb_gap _ere_old:



u_br des = pidul _cocfs[2UJ .x | bt + pidmcocfs(21 ] ' x | br + pidu
1 cocfs(22) xItl + pidmcocfs[23] Nir + |/ L.iggcd accel eroneter for roll
of f pi dm cocfs(24J - x6bl +pidm cocfs[251 x6br + pidmcocfs(261 x68DEE 2003
pi dm coefs[271 x6tr + |1l Proportional gain on position for spring ratc
pi dm cocfs[231 blfb_gap err f+ pidmygcfs[291 brfb__gap_err_f+ pidm
coefs(30] tllb gap_err f+ pidmcocfs[311 =trfb _gap_err f; ubr_des =
pi dntoefs[ 321 * u_br _des ; 11 TOP LEFT FRONT TO BACK ACTUATOR Integrated
Position for Static O fset Loads plus 11 Integrated accel eroneter for
danpi ng tl _desu~ pidm cagfsk449), ,']_x,l_b,l.\_ + pidmcoefs[4l1 xlbr +
pi drn_cOcf s(42] pﬂhlgl_i;rg[.kgiﬁm{,’ggpﬁﬁt ?i“é'xi"?’?’ + 11 Lagged accel erometer for
roll off pidmcoefs[s4] ' x6bl" + pidm coefs(45] x6br + pidtn_cocls(46] '
x6t1 + pidm coof s(E4wk_codfhiaf - 7 13, LLRREA%LT QRAL gain on position for spring
rate pidncoef s( 48} _cdisfiaOm @k o+  pI djm coefs(491 ' brfb_gap_err f+
pi dm coefs(501 ' UUfbcap err f + pidmcoefs(5l] ' trfb gap crr _f; u_tl _des
= pidmcocfs[521 ' u_tl_dcs; 11 TOP RIGHT FRONT TO BACK ACTUATOR 11
| nt egr at ed Podilt | Dplag_owlsBolat 70 Fifpsetrshioadaiop! us | ntegrated accel eroneter
for danping u_tr mesceel@idmicepfea[dd)] - x | bl + pidmcoefs[611 x 1br
pi dmcocfs[621 x | tl + pidmcoefs(631 x | tr + 11 Lagged accel eroneter
for roll off §HdnT ploefx(sBAIl" xTnGhilagtcomitr eRfss[ 65] x6br + pi drn_cocf s[ 66j
' x6d + pi dm cocfB{BR3E2561tub_gap/cir R opurtionsl gain on position for spring
rate picfnt coCfs(~i~~ bllb gap crr f + pidmca f (6')J ' hrlb_gap err' f
+ X9t =plag_coefs[26] * xTil +plag_coefs(27] * xSu +

plag_cocls{28] * Ufb_gap err;

xNr = plag_coefs[30] * x7uo + plag_coefs[31] * x8wro +
plag_coefs[32] * ifl _gap_err_old;

x3tr = plag_coels(33] * xTiro = plag_cocfs{34] * xSuro +
plag_coefs[33] = trib_gap_crr_old;

X9tr = plag_coefs(36] = x7u - plag_coels{37] * xStr +
plag_cocfsf38] = rfb_gap err;

bifb_gap_err_{= x9bi:
brfb_gap_err_f= x9br;
Wob_gap_err_f=x%i:
tufb_gap_err_f= x9ur;

#/ Compute output
// BOTTOM LEFT FRONT TO BACK ACTUATOR

/1 Integrated Position for Static Offset Loads plus
/I Integrated accelerometer for damping

u_bl__dés_ = pidm_coefs{0] * x1bl + pidm_coefs(1] * xlbr +
pidm_coefs[2] * x1u +pidm_coefs{3] * xlr +

I Lagged accelerometer for roll off
pfdm_cocfs[4] * x6bl + pidm_coefs{5] * x6br +
pidm_coefs[6] * x6u + pidm_coefs[7] * x6ur +

i Propor_tional B2in on position for spring rate
pidm_coefs(8] - blfb_gap_err +
pidm_coefs(9] * brib_gnp_err-t' +
pidm_cocf5{ (0] * tlfb__g::p_crr_l’ +
pidm_coefs{11) * lrlb_gap_crr:l';

u_bl_dus = pidm_cocfs{12] « u_bl_dus |



pi 4fin_cocr:4701 I1lb-_gap _crr_f + 79 pidrtt cocfs(711 . trtb _gap_crr_f:
u_tr dcs = pidmcocfsj72) wu_tr_dcs; %ut) = kibl dcs; '(outil} = ~-§REG 2003
u br decs; " (out+?) = u tl dcs: O (out+3) = u tr dcs; } bllb_accel _old =
bl ab accel; brib_accct old = brit accel; 1fb _accel _old - tlib accel;
trfb_acccl _old = trfb_acccl; brfb_g. ag_err old = brib_gap err,

blib gap err_old = blib_gap err, trfb_gap_err old =trfb_gap _err,

tIfb gap err_old =tllb gap_err; wu_bl _des old = u_bl des; u_br des old =
u br des; wu_t! des old = u_tl des; wu tr_des old = u tr dcs; } return; /
aw  we as. ss# A NQFEB IMGHIERONT O B84 AGTIR R - - SEWS . . ***sSSi W s**ss*ww w*ssa
SS GAP FI LTER InFi#RDIGRDER: B%IOTT{IQ\L,,@% FOR CURRENT CONTROL

W ad#. Mamied aftlEromSABARNplny WAAAWW | WHHHT WWW W | Saa. ssasai *a *aai
alli w sl void ss_gap_filter(out, BI _gap mmbr _gap rrtm tl_gap_mm
tr_gap_ntrt, Y-Bgdegelds igishboat s * Okl dekspaf. fl.gap_mm  float br_gap_nm
float d_gap_nm  fH&acods2gaplunmiidan,_cocfs(23] * x1ic +

" L:lggcc; accelerometer for roll off
p{dm__cocfsil-t] * x6bl + pidm_coefs[25] * x6br +
pidin_coefs[26] * x6 + pidm_coefs{27] * xéir +

i Propor'lional 83in on position for spring ratc
p!dm__cocfs[ZS} *blfb_gap err 1+
pfdm_cocfs[l‘}] * brb __gap-crr_f +
ptdm_cocfs[JOI * Ufb_gap e (+
prdm_coels[31] * (b _g:lp:crr_f‘,

u_br_des = pidm_coefs{32] u_br_des:

// TOP LEFT FRONT TO BACK ACTUATOR

/- Integrated Position for Static Offset Loads plus
/1 Integrated accelerometer for damping

u_l[_dcs'= pidm_coefs(40] * x(bl + pidm_coefs[41] = x1br +
pidm_coefs[42] * xiy +pid:n_;coefs[43| “xltr +

i Laggc? accelerometer for rall off
pfdm_cocfs[-m} * x6bl + pidm_coefs[45] * x6br +
pidm_cocfs(46] * xéi + pidm_coefs[47] * xéur +

i Propor_ﬁonai 82in on position for spring rate
p{dm_cocfs[48} " blfb_gap err £+
pfdm_cocfs[w] * brib __g:ap—crr-f +
p!dm_cocfs[SO] *ufb_gap et o+
pidm_coefs(51] * urfb _gap.crr-f;

u_tl_des = pidm_coefs(52] » u_tl_des;

/' TOP RIGHT FRONT TO BACK ACTUATOR
/ Integrated Position for Sutic Offset Loads plus
/1 Integrated accelerometer for damping

u_lr_dcs_= pidm_coefs(60] = x1bl + pidm_coefs(61] * xIbr +
pidm_coefs{62] * x14f + pidm_coefs(63] * x1tr +

/' Lagged accelerometer for roll off

pidm_coct’s_{é«l] * x6bl + pidm_coefs(65] » x6br +
pidm_coefs[66] * x6y + pidm_coefs[67] * x6ur +

i Prop;onignal BAin on position for spring rate
p!dm_cocl'sifﬁl " bitb_gap err £+
pfdm__cocf:lﬂ')] . brﬂ)_g:lp-crrTf*'
pidin_coefs[7q| » lllb‘gnp__-crr o+



float lag _coefsf; int i; { static double xbla xbra xtla,xtra ; static

doubl e xbi ao, xbraa, xtl ao, xtrao; static double xblb xbrb xtlb, xtrb

static doubl e xbl bo, xbrbo, xtl bo, xubo; static double xblc xbrc, xtlc §p££2m5

static doubl e xblco, xbrco, xtl co.xtrco; static double xbid xbrd xtld ,xtrd

static: doubic xbldo, xbrdo, xtldo, xtrde; q static float bl_gap_nmmold; sL3tic
6

float br _gap_mmold; 80 sl:lItic Iloat tl16apiniti old static |I10al

Ir_gap_ijtint_old; if (i == 0) 1/ lctitializc 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; xtId = 0.0; xtra = 0.0; «xtrb
= 0.0; xtrc = d?mmi?#ﬁ“k pLger B fgap mrmold = bl jap rttm
br goap_mm old “=""¥* = GAB_sRI 721 ultr_desT

outy = u_bl dex;

*(out+l) = u_br_dcs;
*(out+1) =u_1l_des;
_'(Out+3) = u_lr_des;,

)

bib_accel_old = bifb_accel,
brfb _accel_old = brib_accel;
t.lfb accel_old = tfb_accet;
lrl'b__acccl_old = trfb_accel;
brfb_gap_err_old = brfb_gap_err;
blfb_gap_err_oid =bifb_gap_erm;
trfb_gap_err_old = trfb_gap_er,
Ufb_gap_err_old = ub_gap_err;
u_bl_des_old = u_bi_des;
u_br_des_old = u_br_des;
u_u_des_old = u_t!_des;
u_tr_des_old = u_tr_des;

return;

}

l-
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SS GAP FILTER: THIRD ORDER POSITION FILTER FOR CURRENT CONTROL

T R e M o ko T o ko ke e ke e e e
=/
void ss_gap_filter(out,bl_gap_mm,br _Bap_mum,
d_gap_mm,tr_gap_mm,
lag_coefs,i}
float *our;
float bl_gap_mm;
float br_gap_mm;
float U_gap_mm;
fleat r_gap_mm;
float lag_coefs(];
mnt i
{
static double xbla ,xbra ,xtla xtra ;
static double xblao,xb rag,xtlao,xtrao;
static double xbib xbrb xub ,xtrb :
static double xblbe,xbrbo,xtlbo, xtrbo:
static double xble xbre xtle xurc :
static double xbico, xbreo,xtlco, xtreo:
static double xbid ,xbrd ,xtld ,xurd -
static double xblda,xbrdo, xtldo,xirdo:
swatic Noat bi_gap_mim_old;
static Noat br_gap_mm_old,



tl,gap_mMmmold = tl_Zap_mm tr-gap_mmold = trgap_nm ' (out) =bljap mm
*(out+1l) = br~gap_mm '(out+2) =tl _gap mm '(out+3) = tr gap_mm

return; } else { xblao = xbla; xblbo = xblb; xbrco = xblc; xbrdq3HEtzmn
xbl d; xbrao = xbra; xbrbo = xbrb; xbrco = xbrc; xbrdo = xbrd; -xllao =
xtla; xllbo = xtlb; xllcq = xilc; xgJdo = xtld; 81 xtrao = xi m, xlrbo

= slrb; xbrco = xlrc; xtrdo = xtrd,; la = lab_cocfs[Q) ' xblao +
| agcocfs( I J xblbo + lag cocfs(2J * xblbo + lag cocfs[3] * bl _gap_nim
old; .,bib =1lag _coefs(4] * xblao + | ag_eocfs[5] xblbo + [lag_cocfs][6]

xbl co + Iag_coef§Lzhmmlpg$q@ Jynold; xblc - lagcoefs[3] xblao +
| ag_coef s(9] xblbgm#mhqggﬁp&,§&§0] xblco + | ag_coefs(l111 blgap_mm ol d; xbld
= lag coefs(12j * xbla ¥ l'ag toefs[13] * xblb + 13g cocfs[14] * xblc +
| ag_coefs[15J * bl jap_mm xbra = lag coefs(20] ' xbrao + lag_coefs[211 *
xbrbo + i (i == 0) #/ Initialize States

{

xbla =00,
xbib =0.0;
xbic =0.0;
xbld =0.0;
xbra =00
xbth =0.0;
xbre =0.0;
xbed =0.0;
xtla =0.0;
xtb =00;
xtle =0Q.0;
xtld =0.0;
Xa =0.0;
xrb =0.0;
xue =00;
xtrd =0.0;

bl_gap_mm_old =bl_gap_mm;
br_gap_mm_old = br_gap_mm;
U_gap_mm_old =1 _g3ap_mm;
tr_gap_mm_old = tr_gap mm;

*(out) =bl_gap_mm;

*(out+1) = br-gap_mm;
*(out+2) =il_gap mm;
*(out+3)} = r_gap_mm;

return;

}

else

{
xblac = xbla;
xblbo = xblb;
xblco = xblc;
xbldo = xbidg;
xbrao =xbra;
xbrbo = xbrb;
xbreo = xbre;
abrda = xbrd;

xtlao = il
xtibo = xlb;
xleo = xtle;
xildo = xtld;



| ag_coefs(22J * xbrco + lag_cocfs(23] ' br gap_mmol d; xbrt = |ag_coefs(24]
* xbrao + | agcoefs[25].- xbrbo + lag cocfs[26] ' xbrco + lag cocfs(27] *

br gap nmold; xbrc = lagcocfs(23] * xbrao + la; cocfs(29) xbrbo tqg 2003
cocfs(301 * xbrco + lag_cocfs(3 I] * br_gap_mmold; xbrd = lag coefs gﬁ
xbra + lag_coefs(33] * xbrb + lag_cogfs(34] * xbrc + lag coefs[35]
br _gap_mm xtla = lag_coefs[40] ' xtlao + |agcoefs(41] * xdbo +

|l ag _coefs[42] * xtlco + |lag _coefs[43] * Ugap_mnmold; xtlb = | agcoefs[44]
xtlao + | ag_coefs[45] xtlbo + - lag _caefs(46] * xtlco + | ag_coefs(47] '

U Sap_ mmold; xtlc = lag coefs(43J * xUao + |ag_coefs(49] * xtlbo +
Iag_coefs(SOI”“" XY + lag coefs(51] * U gap nmmold. xtld = lag _coefs[52]
* xtla + |agM'®8cfsr%3] " xtib + lag coefs(54] ' xtlc + |ag_coefs[55] *
U, gap mm xf‘F;a =¥"ag_cocfs(G " xtrao + lag cocfs[611 * xtrbo-+
Iag_cocfs[62]l O xt¥Eo+ | ag_coefs[53J tr_gap_mmold; xtrb = | ag, cocfs(64]
xtrao + | a9 _cocfs(65J * xlrbo + 1:1g cocfs(EJ * xbrco + 1:jg_cocfs(o7] -
tr_sip_mi _old-. 82 xtrc =1:i~;, ca.lsj~, tj xtr:w} I; ' Cocfsjt')j '
xtrbo lag_cggef si£0j réo * 1:1l; cocfsj7l j . tr_gap_nnrn,old, xtrd =

| ag_cocf sj 72'%%. 1 %t@i?:f[ '_a%‘ﬁé‘f‘@}%‘f[” sy + lag_cocfsj74) xtrc +

|:rg _cocfsj75 ' i g b_rfﬁfc?”“EéEff‘j = blighrimm digout +1 ) = xbrd; ;' (out+2) =
xtld; 4(out+3) = xtrd; } br_gap_ mmold = br_gap mm bl _gap_ nmold =

| ' = I ld = tl :
;3 l_gap_mﬂ :Ibﬁb_gaﬁg__wrs%lld xbl}oLh%? g[gllnl xbll;[o +_gap_mﬂ old tl _gap mm return

lag_coels[6] ‘;cblcoﬂag_cocl‘s[?] *bl_gap_mm old:

*

xble  =lag_coefs{8] * xblao + lag_coefs{9] * xblbo +
lag_coefs(10] * xblco + lag_coefs[11] * bl_gap_mm old:

xbld = lag_coefs{12] * xbla +lag_coefs[13] * xblb +
lag_coefs(14] * xblc +lag_coefs{15] * bl_gap _mm:

xbra = lag_coefs[20] *« xbrag + lag_coefs(21] * xbrbo +
lag_coefs{22] * xbreo + lag_coefs{23) * br_gap_mun_old:

xbrb. = lag coefs{24] * xbrao + lag_coels[25] = xbrbo +
lag_cocls{26] * xbreo + lag_cocfs{27] * br_gap_mm qld:

Xbre  =lag _coefs(28] * xbrag + lag_coefs[29] * xbrbo +
lag_coefs{30] = xbreo + lag_coefs(31] * br _g3ap_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 + lag_coefs[41] * xulbo +
lag_coefs{42] * xtleo + lag_coefs[43] * U_gap mm old:

xub  =lag_coefs(44] * xtlag + lag_cocfs{llS]. * xtbo + -

lag_coefs{46) * xtlco +lag_coefs(47] * d _gap_mm old;

xde  =lag coefs{48] * xtag+ lag_coefs{49] * xtlbo +
lag_cocfs{SO]. " xteo + lag_coefs{51] U_gap_mm_oid:;

xud = lag_coef5[52] = xtla +lag_coefs(53] * xub +
lag_coefs[S4] = xtic + 1ag_coefs(55] * U_gap mm:

X3 =lag coefs[60] * xtrao + lag_coefs[61] * xubo +
lag_coefs(62] * xtreg + lag_coefs{63) » lr;gap mm_old;

Nrb o = lag coefs[64] * xirao + lag_coefs(65} * xtrba +

g _coels[66] * xtrco + lag_coels{67] * tir_gap mm old:



*Sros... oo o owL L trrwerower# L L L S.. CWWEL R YRy
VW * % W, FB GAP FILTER TH RD ORDER PCSI TI ON FI LTER FCR CURRENT( Eﬁ%
Sroowt Rt oW R rwrrw Frww, L L sne- SFF R *#M/******trm/ wr*x8 4003
v0|d tb_gap_ fllter(out bl gap_nnlbr_op_nnl float "out; float bl _gap_mm
float br_gap_mm float tl_gap mm flgat tr_g3p mm float |ag coefs[j;

int i; t Ugap_ mmtr_gap mm |aA eoefs,i) static double xbla,xbra ,xtla
,Xxtra ; static doubl e xbl ao, xbrao, xtl ao, xtrao; static double xblb , xbrb
xtlb xtrb ; statl? doubl e xbl bo, xbr bo, xtl bo, xtrbo; static double xblc

 xbrc , xtlc, xtre : méfﬁﬁ?ﬁ "dWirbt u_xdslsteol e o, xt | co, xtrco: static doubl e

xbl d xbrd xtld  xf 1'6“ s ”état‘f%* lopoEp el 7Kl derxbmded. xt | do, xtrdo-, static

float bl _gap_ Qq;oLg j,c. float br ap_nrn old;, static f1 oat
11_gap_nmol d- . If.u. [{)d P et IO 83 it (i 11) 11 1Miitialii.e
Si:ucs xbla = SRl =8 ¢ YE-XBIH T4 @pgim Aid = 0.0, xbra = 0.0;

.ibrb = 0.0; .%g5c=fug.o, xbrd = 0.0;

*(out+1) = xbrd;
*{out+2) = x1ld;
*(oul+3) = xurd;

}

br_gap_mm_old = br_gap_mm,
bl_gap_mm_old = bl_gap_mm;
tr_gap_mm_old = tr_gap mm;
t -Bap_mm_old = t|_gap_ram;

return;

l.

LA L L L ER R RN ey
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FB GAP FILTER: THIRD QRDER POSITION FILTER FOR CURRENT CONTROL

-tt--t--n‘t-----l-l‘--li.t-lm-ntnll.ll!.-til-l.-----.l-t-ttlat‘i#i!----“‘.""‘
*f
void fo_gap_(ilier(out bl _gap_mmbr gap mm,
U_gap_mm,ir_gap mm,
lag coefs,i)
float *out;
float bl_gap_mm;
floatbr_gap_mm;
float U_gap_mm;
float r_gap mm;
float lag_coefs{];
inti;
{
static double xbla ,xbra ,xta ,xtra -
static double xblao,xbrao,xtlag, \'mo
static double xblb ,xbrb xub JXub
static double xblbo,xbrbo, xilbo .\lrbo:
static double xble Xbre xte xre
staue double xblco,xbreo, xtlco mrcc
static double xbid xbrd xtld Xud ;
static double xbido,xbrdo, xtido \lrdo;
static float bl_gap_mm_old:
stalic float br_'gap__mm"old;
static float ll_g:lp_mm__old;
static float tr_gap_mm_old;



xtla = 0.0; xtlb 0.0; xtlc =0.0; xtld =0.0; xtra = 0.0; xtrb_ ;
xtrc = 0.0; xtrd 0.0; bl _gap_mMmold = bl gap_mm br_gap_mmt _ol dm é(ﬂftﬁﬂﬂl}]
br gap. nm t1 gap_.mMm A d= El _gap_ nm tr_gap_mmold = tr_gfap_rrm_Ir7 0

= bl _gap_nmm *(out+5) = br_gap nm ' (out+5) = tl_gap_nm ' (out %)I =
tr_gap_mm return; } else xblao = xblga; xblbo = xbl b; ‘xblco = x (t:)’d'
xbldo = xbld; xbrao = xbra; xbrbo = b; xbrco = xbrc,_ z<brdo = xbr :
xtlao = xtla; xtlbo = xtlb; xtlco = xtlc; xtldo = xcld: Wrao = xtra,;

xtrixf = xtrhii=xtyeQim560G 84 xlr~7-~ xiInl
{

sbla =00
bl =00
xble =00
sbld =00,
xbra =00,
xbrh =00;
xbre =0.0;
xbrd =0.0;
xtla =00,
xtlp =0.0;
xtie =00,
xtld =0.0;
xtra =0.0;
b =0.0;
Xure =00
xtied =0.0;

b[_gnp_mm_old = bl_gap*mn];
br_gap_mm_old = br_gap_mm;
tl_gap_mm_old =il_gap_mm:;
tr_gap_mm_old = Wr_gap_mm;

*(out+4) = bl_gap_mm;
*(out+5) =br_gap_mm;
*(out+6) = tl_gap_mm:;
“(out+7) = u_gap_mmy;

return;

}

clse

{
xblao = xbla;
xblbo = xbib;
Xblco = xble;
xbldo = xbid;

xbrao = xbra;

xbrbo = xbrb;
xbrco = xbre;
.\'brd_o = xbrd;
xtlao = xtla;
xtlbe = x1lb;
xtlco = xtlc:
xido = xtld:
Xirzo = xtra;
Xt = xirly,
SIren = xire:



+ |:tb_cocls(? zblco +
xbla = lag_ca is[l)~ xbl:la + :ggfocfigifL[4?bI;§1ao + 125 0octs(51 xbl bo
139C0Cf8[$](é'bl E}EBHELFLS'Cé2f3[7ig; bi _8ap_mmold; xblc = Iagrc?GFEmeT
+ laa cocfs(6] x 101 * + | ag_coefs *
xblao + lag_cocfs(91 xblbo + |ag gngélxéP; + rggcgoefs[9131 " xblb +
bl _gap_mmold; xbld = Iag_cocfs{S_ 1 bl gap mm xbra = |ag coefs[20] *
| ag_cocfs(14] * xblc +!ag_Cgefi[ Ig cocfs(22] xbrco + lag coefs[231 *
Ebrao ' lagfgﬁe%gﬁ'l} |a§b203fs(z4]g xbrao + |ag CoefS[25L ' Xbrbo +

r_gap fmm ’ o * old; xbrc =
Iaggcocfs(26] , xpreo Iag_coc;s(gg} ' QLFggpInr%g cocfs(30] ' xbrco
| ag_cocfs(28] * xbrao + Iag_gpc E(d = lag coefs[32] * xbra + Iag_cocfs(33]
| ag_cocf s(3sh) =1pr, gﬁiﬂ—m;!o+lng)i I:s[bl(;'c.\fb§>t135] * br_gap_mm xtla =
xbrb + |ab_C0Q£g,s_E£Z]1[ '.%chgln&fc%:s ]' bl cIpamE_ald.| ag_coef_S(421 * xt|lco +
| ag_cocfs[40] xtlao + |ae co tlb - lag coefs(441 * xtlao + | ag_coefs(45)
,ag_eoets[ 43l * d.gap_mmold xtlb ef s[47] * tI_gap_nmold; xtlc =
* xtlbo + | o Conk ebdil) ‘x%&hﬁg‘:fka?ﬁ& f1bo + lag _coefs(50] xtlco +
LSOCSSTTEEY at h pile|
13gcoef s(5 _ ) n - . xtra =
;algb >y 29 ool b dderls kﬁo#lalfg" ﬂ?fX%kES?]t)o +t:58a26$ns[62J * Xtrco +
lag_COCfS{gg} I&%ﬁﬂ@gg Lﬁ?ﬁ?gﬁ-xtg"—Fé%‘é%ﬁch4] * xtrao +lag cocfs[GS] *
lag_coef s " tr_gap_mmol d; mmold; xtrc =
i 7ba 1 | b oEbsEoIS ) XHG olug okt ¢ a8 o b Soera Tl Xbreo
| a0_cochs(b. - herabl 4 fﬂgLeﬁ%%&ﬁﬁtéuﬂé&ﬁgg%ocf 172( - slra + 1
| 3g_cocfs(71 ] - tr-9-|p.nw1o : ?74| xtrC 1.1 cocr:I75E
g_cocfsl 731+ 'xtrb + 85 ;it; O, Shamo¥brd. (DUt +G) - slid:
I'r_bal7_n~nPR TBe Of *xbrbo- Lag_(:af2 H5)xbibo ,.

- lag_cocfs(22] xbreo +lag_coefs(23] * br _gap_mm_old;

* xtla + lag_cocfs[53] *

xbrb  =lag_coefs(24] * xbrap + lag_coefs(25] * xbrbo +
lag_coefls(26] * xbreo +lag_coefs[27] * br _83ap_mm_oid;

xbre  =lag_coefs(28] * xbrao + lag_cocfs{29] * xbrbo +
lag_cocfs{30} * xbreo + lag_cocfs[31] = br_gap_mm_old;

xbrd  =lag_coefs{32] * xbra +lag_coefs[33] = xbrb +
lag_cocfs[34] = xbrc + lag_coefs{35) * br _Bap_mm;,

xda  =lag coefs{40] * xtlao + lag_coefs(41] * xtlbo +

lag_coefs[42] * xtlco + lag_coefs[43] = u _gap_mm_old;
xtb  =lag_coefs{44] * xtlao + lag_coefs[45] * xubo +
lag_cocfs(46] * xtlco + lag_coefs{47] « y _gap_mum_old;

xtle =lag_coefs{48] = xilao + lag_coefs[49] * xtlbo +
lag_coefs{50] * xtco +lag_coefs(51] * U_gap_mm_old;

xud  =lag_coefs[52] * xua + lag_coefs{53] * xub +

lag_coefs{54] = xuc +lag_coefs(55] * u _gap_mm;

Xt =lag _cocls[60] * ximo + lag_coefs{61] * xtrbo +
lag_coefs{62] * xtrco + lag_c.:ocfs[63] ® r_gap_mm_old;

Xt =lag_coefs(G4] " xtrao + lag_cocfs[65] * xurbo +
lag_coels(66] = xtreo + lag_coefs{67] U_gap_mm_old;
Nre =lap coels[n8] = xtrag + lag_cocfs{G69] * xirbo +
Iag_cogl’s[?ﬂ] " Xtreo +lag_coefs(71] Ir_gap_mm_old,
Xtd = lag_coefs{72) = xim + g _coefs{73) * xirb +



(out+7) = xtrd; } br gap_mmold - br gap_nm bl _gap_mmold = bl gap_mm
tr-gap_mMmold = trap mm t1 gap_mmold =tl_gap_ mm } return; 86 WHAT IS
CLAIMED I'S: 1. An elevator systemfor controlling horizontal noverefptlt62003
an elevator car with respect to guide rails in an el evator hoistway,
conprising: a force-estimation or porsrigtaénon-schedul ed current conmand
controller, responsive to a force co d signal, and further responsive
to a sensed gapugic@gdyi.ngdicative  of an actual gap of the elevator car
with respect to ?’he q{ng]Ji ggLrg}l’fc E}W’t' h&-EPe\vat or hoi stway, for providing a
f orce- esti maues omigposi ti on-schedul ed current command controller signal;
and a magnet(odriew i rcuit, responsive to the force- estimation or

posi ti on- schedudletkigurrent conmand controller signal, for providing a
magnet dri vEputDrowidt signal to control the horizontal novenent of the

el evator car with respect to the guide rails in the elevator hoistway,
whereby the horizontal nmovenment of the elevator car is controlled without
sensing magnetic flux. 2. An elevator systemaccording to claim1, wherein
t he for ce-BsPPifRiol brgapowi:t i on- schedul ed current conmmand control | er
conpri ses: LR realdesi jsammivon pr ocessor, responsive to the sensed gap
signal, an ?H}F‘f‘h@'ﬁ'*ﬁ"esmnm ve to a sensed nmagnet driver current signal,
for provi d—ﬁﬁ’—ﬁmf-ﬂf’(’fé’-g"és‘?m:nati on processor signal; a force conparator,

r esponsi verettm%: the force-

}



estimation processor signal, and further responsive to - 8 DEC 2003 87 the
force conmand signal, for providing a force conparator signal; and a force
f eedback conpensation processor, responsive to the force conparator- 8 DEC 2003
signal, for providing a force feedback conpensati on processor signal as a
current command to the magnet driver ggcuit. 3. An elevator system
according to claim2, wherein the force-estimation processor is

i npl emented with hardware and further conprises: a first operational
anplifier, WiEshohSi GRAIMEDR HE: sensed gap signal, for providing an
operationally- anplified gap signal; a multiplier circuit, responsive to
the operationally-Enptlévatbmyayssegnder andtfoullberg heespontile to the
sensed magnet driver current signal, for providing a nultiplier circuit

si gnal ; andeverenhde bpat aliormdioramalki Fiish, reeppohstoequddensailml tiplier
circuit signal, for providing a second operationally-anplified multiplied
signal to tie Frebeviompdraisdways. campelietagor system according to claim
1, wherein the force-estimation or position-schedul ed current conmand
controller is a doEPEFereskinatiiand ctupesitiososnhadutedt cottrent responsive
to the force conmmand signal, and further responsive to the sensed gap
signal , -8 TR CREFSLLgH oviefinAgsavgospt Rofiosetedarpandusiaml conmand
control signal as a current comand to the nagnet driver <circuit. 5. An

el evat or sy3R@ntREERFHI FESPONRI YR nva 2 Wi aph & iigde i nddiopdi vei r cui t

further coqgfises. c rrent-frror conparator, responsive to the force-
an actual gap of the elevator cdr with respect to the

guide rail in the elevator hoistway, for providing a
force-estimation or position-scheduled current command
controller signal; and

a2 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 elevater car

is controlled without sensing magnetic f£lux.

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



estimation or position-schedul ed 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 - 8 DEC 2003
conpensati on processor, responsive to the current error signal, for
providing a current feedback conpensaghon processor signal; a driver

circuit, responsive to the current feedback conpensation processor signal
for providing a driver circuit signal to a magnet that provides a nagnetic
force to control said horizontal novenent of the elevator car wth

respect to %ggt'gg&gg E;%imhna'hﬂ Uﬂ?ngi,eV?é@rpMiﬁwia aHtde current sensor,

responsi ve riVer circui signal,” for providing the sensed nmagnet

driver current__si . Re glgrent-error conparator. 6. An el evator
systen1acco?8?ﬁ§rﬁg%%{5%%?%,'méerein the force command signal is

I ndi cative of a %P;g%%gggeﬁﬁg%Eipgéﬁéeﬁg@%ggﬁnpfgcéggbfﬂew§g§5n5$VeVWth

respect to -B DE € qgui ails in the elevator halstway. 7. An

el evat or sy te%%ccf%rx_%enq%otm%ggla%l:@ ;i%ﬁ\glglr et b phevidikg-£stbpdéi on or

posi tion-sc 8dared “curien mrand controller signal is indicative of a

f -- esti.maty i 14.Q0 trolli
orce-- estlla 'b%%&g{?eoﬁﬁggat%ﬁgﬁgpﬁgeéggof%£§ﬂélC@Mr@ﬁ@éntcon rolling

sai d horizoEF§P no evator car "with respect to the guide

rail in the el evatpr, hqi Wﬁ*; . ghagleyatgpigystem according to claim1l
wher ei n thgchgﬁﬁh *:rﬁgﬁ% C|r§§isé2rgnal I's indicative of a current for

driving the magnet to produce a magnetic force to control the horizontal
novenment of the elevator car with respect to the guide rail in the

el evator hoistway. & M.eleyalyitigstedbrasagdisoclaisl i, mvherehar ein
the force-estimation or position-schedul ed current

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,



command controller conprises: a force-estinmation processor, responsive to
the sensed gap signal, and further responsive to the force- estinmation or
position-schedul ed current command controller signal, for providing &JEC 2003
force-estimation processor signal; a force conparator, responsive to the
force- estimation processor signal, anggurther responsive to - 8 DEC 2003
90 the force command signal, for providing a force conparator signal; and
a force feedback conpensation processor, responsive to the force
conparator signal, for providing a force feedback conpensati on processor
signal as a current command to the magnet driver circuit. 1Q. A systemfor
control | i ng fifsv @meHiding ¥ iposlitissi-echeqrefdr EEpEENT: GOBM8BEond obj ect ,
conprising: a force-estinmation or position-scge uI%d curren conmmand
control | er, GUEEFoS| AINBL 25 G RUIEEMRFITERFRaFC “ARIPPEPERe AT EEPonsi ve
to a sensed gap sjgnal indicative of an actual gap of the el evator car
with respectC¥F4He guide rail in the el evator hoistway, for providing a
force-estinmation or position-schedul ed current command controller signal;
and a magnet driver circuit, responsive to the force-- estinmation or

Tagnet dr i ver ci rbuith SIYHAOR GXTHE GOoRREIRG: 0o AR Bty CHORE SRt he
first object with respect to the secand object, wherehy the horizontal
moverent of ‘the FRFREL MBF T T Tomt B TwiHBar-°$&si ng magnetic flux.
e SaUEC 2001, 91 1T SyeLem 20 oLt D LB LR B ce-
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 progessor 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



controller conprises: 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; -af fbf 2083
conparator, responsive to the force- estimation processor signal, and
further responsive to the force commargb signal, for providing a force
conparator signal; and a force feedback conpensati on processor, responsive
to the force conparator signal, for providing a force feedback
conpensation processor signal as a current comuand to the magnet driver
circuit. 1Xh@ gyd@enFastsr i nghe WA RO n the force-estimation
or position-schedul ed current conmand controller is a position-schedul ed
current command controller, responsive to the force command signal, and
further responsive to the sensed gap signal, for providing a

posi ti on-schedul @d &ar edsvatormearstenmeetrding it obaim cly rémerebmmand to
the magnet driver circuit.
the force-estimation or position-scheduled current

command controller signal is indicative of a force-
estimation or pesition-scheduled current command for
controlling said horizeontal 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
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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

comnmand to the magnet driver circuit.

10. A system for controlling movement of a first
cbject 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.



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 respensive to
the force command signal, for providing a force
comparator signal; and

a force feedback conpensation processor, responsive
to the force comparator signal, for providing a force
feedback compensation processor sighal 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.
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