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IIpunoxenue 1. YpaBHenusi uMmutanuoHuoi mogeaun DCDC-

npeodpa3oBarte/isi B MAIIMHHOM BH/I€

ecmm y<1
TO // MOHMXKAIOIIMIA PEKUM

/] BKIJIFOUEHME TIOHUKAIOIIETO KITF0Ua

ecim U, <U,.

TO // HOpMaJIbHBIH MOHMKAIOIIUN PEKUM

H Uin_Uou
A, =ft RN WY

. hi,
I+ ~lioad
AUoutT = C Ij/ErPWI\/l

I/ pacueT cpeaHero 3HaAUYCHUS TOKA IPOCCEISI

. A
ILav :(IL + 2LT JW

/[ pacueT nmpupaiieHus HAMPsHKESHUS ¥ TOKa

=1 +A1

+AU

out outt
HMHAa4yc // l'IOHI/I)KaI-OHII/Iﬁ PEKUM IIPH ITOBBINICHHOM HAIIPSKCHUH

H Uin_Uou
Al =ft|j/|jpwwl

ecm I, +AI <0

TO [/ pexxuM mpephIBUCTOrO TOKa
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i
. load
AU = Zm'%‘ Y Mo

outt
I[pacueT cpenHero 3HauSHUsI TOKa IPOCCEs

T
lLav = m D/

/[pacueT npupalieHus: HalpsHKEHUSI U TOKA

+AU

out outt

uHaue // perxuM HEpepHIBHOTO TOKA

i+ Al —i
L load

AU outt = ZC D/ ErPWI\/l

/[pacuer cpemHero 3HaYCHHS TOKa APOCCEIs

. A
ILav :(IL + 2LT JW

/[pacuer npuparieHus HAPSDKEHUS U TOKA

i, =i, +Ai
+AU

out outt

/] BBIKJTIOUEHHE TOHWKAFOILIETO KIIF0Ya

: U,
Al =_Tt [ql_y)ljpwm
ecou i +Ai <0

T0 [/ pexxum mpephIBUCTOrO TOKa
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P
. load
AU out! = 2 [lﬂl L(l:‘ [ql_ y) EI-PWM

/[ pacueT cpeaHero 3HaAUYCHUS TOKA IPOCCEIISI
i2
. : _
ILav_ILav+ - [ﬂl y)
20|
!
/[ pacueT nmpuparieHus HAMPsHKESHUS | TOKa

out !

uHaue // perxuM HepepHIBHOTO TOKA

LA
L load
AUOutl = ZC Eﬂl—y) I:rPWM

I/ pacueT cpeaHero 3HaUYCHUS TOKA JIPOCCEIISI

]Eﬂl-v)

.. AU
Loy =l ay + I + 2
/[ pacueT nmpupalieHus HaAMPsHKESHUS | TOKa
=1, +AI

+AU

out out!

uHaue  // MOBBIIAIOIINI PEKUM

/] BKJIFOUEHME TIOBBIIAIONIETO KIIFOUA

y =Y ~—1 // npuBeneHne CKBaXKHOCTH K CKBXKHOCTH IO KJIIOUY

_ioa
AU ., = (l:d Y Moy
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Il pacder cpeHero 3HaYSHUS TOKA JPOCCEIIS

iLav =(iL + AiLT ]D/

2

Il pacyet mpupalleHHs HAIIPSHKEHHUS U TOKa
I =1 +AI

+AU

out outt
/] BBIKJTIOUEHHE TOHWKAFOIIIETO KIIFOYa

B, =0T )T,

ecm I, +AI <0
TO /] pe’KuM MPEPHIBUCTOTO TOKA

i2 .
2Li‘ ~licad
AU out ! = L(l: [ql - y) EI-PWM

/[ pacueT cpeaHero 3HaUYCHUS TOKA IPOCCEIISI

B K )
ha =l t m [ﬂl y)

/[ pacueT nmpuparieHus HAMPsHKSHUS ¥ TOKa

out !

uHaue // pexxuM HEpepHIBHOTO TOKA

I+mu_|
L 2 load

AU out! = C [ﬂl— y) |:rPWM

/[ pacueT cpeaHero 3HaUYCHUS TOKA IPOCCEIISI
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Aiz“ ] fL-v)

ILav :|Lav +(IL +

I/ pacueT nmpuparieHus HAMPsHKSHUS | TOKa
=1, +AI

U, =U

out

+AU

ou out !
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Ilpuiio:xkenne 2. Pe3ybTaThbl AKCNIEPUMEHTAIbHBIX HCCJIET0BAHUM

peryasitopoB Hanpsizkeaust DCDC-npeoOpa3oBareisi

Penelino-nHTETpanbHbI PETYIATOP HanpspkeHus. llyck co cpenHel NOCTOSHHOU

BpeMenu naTerpuposanus (Puc.I1.2.1).

Tek Cton — | — |
S SRR T T e KR R e =TT A 240mE
o Lo 2 | ; 1@: —10.0mB
L, I | i Jar 2051
¢ ol ' @: 18.0Tu
B e e e SRR ' 'Hanp;i»le:-iue éb1x004 PCDC
-| HanpsxeHue exoda DCDC — :

LB
i
"
L

Aam) g

‘Tok apoccéﬁﬂ'iDCDC

¥
L
B JH . . , . i
L}
B

R K2 500mE_

T[10.0mJ Al _K1_7_ 190mB

“S00mE 3
K3[ 1.00B & K4 | S00mB & 26 Map 2004
22.60 % 18:09:14
Puc.I1.2.1.

Tok apoccenst He kouTposupyeM. Ha cienyromem pucynke (puc.I1.2.2)xopoiio Bu-
JIeH KOJute0aTebHBINA MPOIECC B TOKE C TEMH )K€ HACTPOMKaMU PEryssTopa B ycCTa-

HOBHBIICMCH 110 HAIIPAKCHUIO PCIKUME.

[Ipu manoit mocTossHHOM BpeMeHH HarpspbkeHue Ha Bbixojge DCDCHipeoOpaszoBaTens
HE YCTAHABJIMBAETCS W MYJIbCUPYET, & TOK APOCCETsT HEKOHTPOJIUPYEMO pacTeT
(puc.J1.2.3). PexxuM XapakTepeH yBEJIMUEHHOW TOKOBOM HArpy3KOH Ha 3JEMCHTBI

DCDC-peobpazosarens.



2k ek

210mB
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20.5Tu
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Tok Hazpy3ku
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1
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Tek Cron | f
T P
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.| HanpsixeHue ebixoda DCDC

_'1

HanpskeHue exoda DCDC

Tox dpoccenss DCDC | 88
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K1 190mE
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-
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17:56:59
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[Tpu GonblION MOCTOSSHHOM BPEMEHU PETYJSTOpa MOXKHO MOIYYHUTh OoJiee CTaOuIb-

HBIE TIPOIIECCHI B Apoccene B cratuke (puc.l1.2.4).

TekCron | [ ; —t—] [
: : L : A 430mB
IHanp;fw(eHue:eblxoc?a D(;DCl : @: 830mB
\ Al 9.62Tu
@: 3.99Tuy
Han'pmm{zl-:'ma| exoda DC ;
- ToK Hazpy3Ku |
13 —
B 'TQK dﬁo(:cenﬂ peoe - - -
"S00mEB W K2| S00mB &1 100mc] A| K1_7 190mB
K3[ 1.00B & K4 500mB &y 26 Map 2004
18:22:03

Puc.I1.2.4.

OCHOBHOI HEAOCTATOK PETYIATOP MPOSIBISETCS MPU OBICTPOM U3MEHEHHUH MUTAIOIIe-
ro HalpsDKeHUs Ha Bxojne mpeoOpasoBarens (puc.Il.2.5). Perymsarop He ycnemaer
KOHTPOJUIMPOBATh BBIXOJIHOE HampsbkeHue. HexkoHTpoMpyembie nepepacnpesese-
HUSL DHEPTUU MEXIY JAPOCCENEM U BBIXOAHOM €MKOCTbIO MOTYT BBI3bIBATH IEpeHa-

NpsDKEHUE TI0 BBIXOAY M cpabaThiBae TOKOBBIX 3alllUT 3JIEMEHTOB MPHOOpa3oBaTess.

B AByXKOHTYpHOI cucTemMe ynpaBiieHHs T0J00HbIE U3MEHEHUS HANPsHKEHUST Ha BXO-
1ie IpeoOpa3oBaTess HE OKA3bIBAIOT BO3JCHCTBUS HA BHIXOTHOE HANIPSDKCHMS, TAaK KaK

PEryJIATOp KOHTPOIHPYET TOK apoccens (puc.I1.2.6).
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4

Tek Cron | [
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Hazpysku =
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[Tpomecc mycka ¢ HegoxommneHcarmein J{C mpeoOpazoBaTess IPOXOAUT MEIJICHHBIM
C BBIXOJIOM Ha ycTaHOBHUBINeecs 3HaueHHe Toka (puc.I1.2.7). Perynsatop koppekuuu
U3MEpPEHHUI HACTpanBaeTCs Ha TapaMeTPhl CUCTEMbI ¥ MOBTOPHBINA MYCK MPOUCXOIUT

10 KPUBOHU OJM3KO# K TeopeTrueckoii (puc.I1.2.8).

Pabora B pexxrme mpephIBUCTOTO TOKa mokaszana Ha puc.I1.2.9 u puc.I1.2.10 npowuc-

XO0OUT B COOTBETCTBUHU C TCOPECTUUCCKUMU UCCIICAOBAHUAMMU.

ST ERER S NN

[ 200mB & K2| 500mB & [|[200uc] Al K1 S 380mB

K3[ 1.00B & K4 500mB & 26 Map 2004
13:05:54

Puc.I1.2.9.
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Ipunoxenune 3. Peanuzanus aaropuTMoB U3MEPHUTENsI CKOPOCTH U

IHOJIOKCHUA

CoxpaHeHHE KOHTEKCTa MPOU3BOAMTCS B COKPAIICHHOM BAapUAaHTE M 3aTParuBacT
TOJIBKO COJAEPKUMOE aKKyMYJISITOpa U PETUCTPhI cOCTOSIHUS mpoueccopa. Coxpane-
HUE KOHTEKCTa YMHOXUTEIS He TpeOyeTcs, Tak Kak omepamnuu pabotel ¢ PREGu

TREGHe ucnionb3yrores [3].

JIuctunr I1.3.1.CoxpaHeHne KOHTEKCTa IIPU BXOJIE B IpepbIBaHE MOYJIEH 3axBaTa

mar * AR1
mar *+

sst #1, *+
sst #0, *+
sach *+

sacl *+

Bribopka BekTOpa mpephIBaHMs OCYIIECTBISETCS U3 PETUCTPa BEKTOpa nepudepuii-
Hbix npepbiBaHuit TMS320LF2407A.Ero 3naueHue nepechuiaeTcsi B akKyMyJIsaTop,
caBUHYTOE Ha 1 paspsa BIEBO. DTO CAEIAHO ISl TOTO, YTOOBI YBEIUYHUTH €TO B JIBA
pas3a, Tak Kak CIeyIoIIel orepalyeil Mporu3BOIUTCS BBIYUCICHUE aJipeca mepexoaa
Ha TaONUIy NeMyJIbTUIUIEKCOpa NMPEePhIBAaHUA MOAYJICH 3aXBaTa, KOTOPAs COACPKHUT

azpeca IeJIeBbIX Mpoieayp 00padoTKU MPEephIBAHU CUTHAJIOB (as3.

Jluctunr I1.3.2.Beibopka BekTOpa nepudepuitHoro nmpepbiBaHus U J1eMYIbTUTLICIIN-

poBanHue
Idp #sys_page
lacc  pivr, 1
add #(cap_sisr_tbl5-66h)
bacc
cap_sisr_tbl5:
b capl_isr5
b cap2_isr5
b cap3_isr5
b cap4_isr5
b cap5_isr5
b cap6_isr5

PaccMoTpuM paboTy 1eneBoil mpormenypbl OOpaOOTKM TpephIBaHMS 7S KaHaja
CAP1 ummn curnana patuvka ¢aspl A, B KOTOpoW TpeOyeTcs MPOU3BOAUTH pacyeT

cKopocTu npuBoja. s pacueta HEOOXOAUMO 3HATh HOBOE M CTApOE 3HAUYEHUE Bpe-
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MeHH 3axBarta. J[J11 HOBOro BpeMEHHU 3axBaTa OTBEJICHA NepeMeHHas capSpeed_new,
a s craporo — capSpeed_oldHoBoe 3HaueHNE 3aXBAYCHHOTO BPEMEHHU XPaHUTCS B
peructpe caplfbot,koropsiii siBasieTcss qHOM aByxypoBHeBoro FIFO-creka mMomysis
3axBara MEPBOTO MEHEKepa coObITHiA. Ero 3HaueHne momerniaemM B MIIAAIIYIO 9acTh
aKKyMyJsTopa. B cTapinyro 9acTh akKyMyJiATOpa MoOMeIaeM 3Ha4eHHE, XPaHsIIeecs
B capSpeed_newa qaHHOM IIare 3To YK€ cTapoe 3HA4YeHHUE. 3aTeM COXpaHseM CTa-
pO€ ¥ HOBOE 3HAYECHHE B COOTBETCTBYIOIINE MMEPEMEHHBIC. AJITOPUTM MPOUILTIOCTPH-

poBaH B JIuctunre I1.3.3.

JIuctunr I1.3.3.3amena Bpemen 3axBarta B mporpammuom FIFO-O0ydepe

capl_isr5:
Idp #eva_page
lacl capifbot
Idp #capSpeed_vars
addh  capSpeed_new
sacl capSpeed_new
sach capSpeed_old

Tenepp, Korga 3axBaT BPEMEHHU IMPOM3OLLIEN, HEOOXOAUMO BOCCTAaHOBUTH CUETUUK
BPEMEHU OKHMJAHMA CIEAYIOIIETO 3aXBaTa U OIPEACIIUTH M0 NMPEAbIAYIIEMY COCTOs-
HUIO CUETYMKA, HE SIBIISETCS JIM TEKYIasi CKOPOCTh HYJIEBOH (ITOKa MPUILIO Tpephl-

BaHUE, CUCTYHK YCIICT OOHYIIUTHCS).

Jluctunr I1.3.4.I1poBepka u 0OHOBIIEHHE CUETUYHKA IEPUOIOB Taiimepa 1

lacl capSpeed_counter
splk #1000, capSpeed_counter
becnd  zeroSpeed5, EQ

[IporpamMma mpogomkaer paboTy, €Ciau MEXIy ABYMsS MPEpbIBAHUSMHU MPOU3OIILIO
menbiie 1000 npepriBanuii Talimepa 1, yto coorBeTcTBYeT npuMepHo 62500Tukam
TaliMepa 2 U MpaKkTUYeCKH BbIOMpaeT auana3oH 169pazpsanbix uyucen. Ecau mpo-
u3omuio 6osbiie 1000 npepriBanuii TaliMepa 1, TO CKOPOCTh CUMTAETCSl HYJEBOU U

nporpamMma NepexoauT K pparMeHTy OOHYJIEHHUS] CKOPOCTH.

Pacuer Tekymeid CKOpOCTH IPOU3BOAMTCS IYTEM JAEJIECHHs 3HAYEHUsS MPUPAIICHHS
cyeTuuKa TaiiMepa 2 IpU HOMUHAJIBHOW CKOPOCTH NMPUBOAA HA Pa3HOCTh HOBOIO U
CTapoOro BPEeMEHHM 3aXBaTa, TO €CTh (PAKTUUECKOI0 MPUPAIICHHS CUeTYHKa Taiimepa 2.

[Ipyn 3TOM pe3ynpTar MOJydaeTcss B AKKyMYJATOPE B OTHOCHUTENIBHBIX €IWHHIAX B

dbopmare 4.12.
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Jluctunr I1.3.5.Pacyer Tekyiiel CKOPOCTH MPUBOAA B OTHOCUTENIBHBIX €MHHUIIAX

Idp #capSpeed_vars

lacl capSpeed_new

subs  capSpeed_old

sacl capSpeed_deltaT

lacc capSpeed_deltaTNom, 12
rpt #15

subc  capSpeed_deltaT

sacl capSpeed_speed

Jlamee MmpoU3BOIMUTCSA MPOBEPKA MHUHUMAIBHO-AONYCTUMOUW cKopocTh. Ecim cko-
POCTBb OKa3bIBAECTCS HUXKE PETYIHPYEMOTO IOPOrOBOr0 3HAYEHUs, TO OHA IPUHYIU-
TeNbHO OOHyJsieTcs. JlaHHBINA ()parMeHT OTCYTCTBOBAI B MEPBBIX BEPCUSX MPOTpam-
MBI, TaK KaK €ro He0OXOIMMOCTh Oblja MPOJUKTOBAHA TOJIKO BO BPEMS UCIIBITAHUN
KOMITIPECCOpa XOJIOAWIBHON MalIMHbI. MexaHu3M KomImpeccopa BO BpeMs IyCKa CO3-
JaBAJI THEBMATUYECKYIO YIIPYTOCTh, KOTOPAsi B ONPEAEICHHBI MOMEHT IIPAKTUYECKU
MIHOBEHHO OCTaHaBJIMBaja Baj JABUraress, yxe ycnesuiero HaOpars a0 800 mexa-
HUYECKUX 000pPOTOB B MUHYTY. Tak Kak B peKHUME C U3MEPEHHONW CKOPOCTBIO Bpallle-
HUsl MHTEPIOJALNS yIila TPOU3BOJAUTCS IO JIMHEMHOMY 3aKOHY, TO CTOJIb PE3KOE
IPUJIOKEHUE HArPy3KU BHOCUJIO CYIIECTBEHHYIO OLIMOKY B pacyeTHOE 3HAUYEHUE YI-
Jla pOTOpA, 4TO B CBOIO OYEPEb BHI3BIBAIIO HECBOEBPEMEHHYI0 KOMMYTALIUIO YETBEP-
TOM W msATOU (a3 ABUTaTess, BIUIOTH A0 CpadaThIBaHUS MaKCHUMaJbHO-TOKOBOW MpO-
I'PaMMHOM 3aIMTHI U alllapaTHOM 3aIUThl CUWIIOBOrO MOAYJIs. Eciu ke 10 Kakoro-To
nopora oOHYJSATH CKOPOCTh MPUHYAUTENBHO, TO KOMMYyTalus (a3 uHBepTOopa OyAeT
OCYLIECTBIATHCA HE IO JIMHEWHOW 3aBUCUMOCTH, a M0 TEKyLIEMY KOIY COCTOSHHSI
JaTYMKa MOJOXKEHHS, YTO 00ECIEUYUT BO3MOKHOCTD ITyCKa MPHUBOJIA C JHOOBIMU YCKO-

pPEHUAMMU.

Jluctunr I1.3.6.1IpoBepka MUHMMAILHO JTOMYCTUMOM CKOPOCTH MPUBOIA

lacl capSpeed_minSpeed

subs  capSpeed_speed

becnd  biggerThanMinimum5, LEQ

splk  #0, capSpeed_speed
biggerThanMinimumb5:

CJICI[OM HICT IIPOBEPKaA MPCBLINICHNA MaKCHMAaJIbHO I[OHYCTPIMOﬁ CKOpPOCTH IIPHUBO-

J1a, Iopor cpabaTbIBaHUsI KOTOPOW TaK K€ ONPENEIAETCS U3MEHSIEMBIM IapaMETPOM.




165

Jluctunr I1.3.7.3ammra Mo MakCUMaJIBHO JOITYCTUMOM CKOPOCTH

lacl capSpeed_speed

subs capSpeed_maxSpeed

bcnd capReenable5, LT

lacl capSpeed_maxSpeedRoutine
bacc

Eciau cKopoCcTh HE IPEBBIIACT MAKCUMAJIBHO TOIYCTUMYIO, TO IpOrpamMma Iepexo-
TUT K (pparMeHTy, mpou3BOASIIEMY EPEHACTPONKY CHCTEMBI Ha 3aXBaT MPEPHIBAHMUS

caenyromieit daszer JAI1P.

Jlnia ornpeneneHus TOro, Kakoi BEKTOp TpeOyeTcst 3arpy3uTh B PETUCTPhI MAcOK Ipe-
PBIBAHUM U PETUCTPBI HACTPOMKHA MOJYJIEN 3aXBaTa, UCIIOJIb3YETCA CUETUUK CEKTOPOB
nosioxxenus 1P, kotopslil B ciiydae ¢ msITu@a3zHbIM JaTYUKOM MOKET MeHAThCs 0T O

10 4,a MOMEHT 3axBaTa cUrHaia (pa3pl A COOTBETCTBYET «HYJIEBOMY>» CEKTODY.

Jluctunr I1.3.8.MakpemeHT Tekyiiero cexkropa JI1P

capReenable5:
Idp #capSpeed_vars
lacl capSpeed_sector

add #1
sub #5
bcnd save sector5, EQ
add #5

save_sectorS:
sacl capSpeed_sector

BrruncieHHBI HOMED SBIISETCS CMEIICHUEM B TaOIHIaX, XpaHAIUX KOHPHUTYyparuu
perucTpoB Moysei 3axBara u npepbiBanuii TMS320LF2407ADtux Tabmuil 4eThl-
pe: ABe TaOJUIIBI OTIPEICTISTIOT MACKU TIPEPBIBAHUMN I MEHEHKEpOB coObIiThii A 1 B,
JBe TaOUIBI TPEOYIOTCS I HACTPOHKH ()POHTOB 3axBaTa MOIYJIEH 3aXBaTa MCHE/I-
xepoB coobiTuit A u B. Ilporpamma OOHOBIEHHSI COACPKUMOTO ITHX PETUCTPOB
npezactasieHa B Jlucrunre 11.3.9,a B JIuctunre I1.3.10npencrapieHsl 3Ha4eHUS 1S

3arpy3KH.

Jluctunr I1.3.9.IIporpaMmma nepe3arpy3ku perucTpoB MacoK MpepbIBaHUI U MOY-

JIey 3axBaTta

; CAPCONA
add #capcona_tbl5
Idp #eva_page
tblr  capcona

; EVAIMRC

add #5 ; evaimrc_tbl
tblr  evaimrc
; CAPCONB
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add #5
Idp #evb_page
tblr  capconb

; EVBIMRC
add #5
tblr  evbimrc
b cap_isr_exits

; capconb_tbl

; evbimrc_tbl

Jluctunr 11.3.10.Tabnuub! a7 3arpy3Kd B pETUCTPbl MACOK NMPEPHIBAHUN U MOAYJIeH

3axBaTa

) Tepuunonoruz KOMMEeHTapuee

;are — nepenHuil dpoHT dasm A

;86 — mnpepsBaHusi Gass A paspelleHs

, capcona
; oo capledge
; |[++------ cap2edge

; ||[|++---- cap3edge

; I
; fedcba9876543210

; 10110000xxxxxx00 --
capcona_tbl5:
1011000000010000b
1011000000000100b
1011000000000000b
1011000000000000b
1011000001000000b

; evaimrc
; +---- cap3inte
; |+--- cap2inte
; [|+-- caplinte

; fedcba9876543210
evaimrc_tbl5:
0000000000000010b
0000000000000100b
0000000000000000b
0000000000000000b
0000000000000001b

; capconb

: S e— cap4edge
[ — cap5edge
: [[]|++---- cap6edge

; 1
; fedcba9876543210

; 1011000000xxxx00 --
capconb_tbl5:
1011000000000000b
1011000000000000b
1011000000010000b
1011000000000100b
1011000000000000b

; evbimrc
; +---- cap6inte
; |+--- cap5inte
; [|+-- capdinte

; fedcha9876543210
evbimrc_tbl5:
0000000000000000b

Macka

;are (a__, bre,c_)
;bre(a_,b_,cre)
;cre(a_,b_,c )
;dre(a_,b_,c_ )
;ere(are,b__,c )

: be

;ce

;de

;ee

;ae

MacCka

;are(d__,e )
;bre(d__,e )
;cre (dre, e )
;dre (d__, ere)
;ere(d_,e )
: be
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.word 0000000000000000b ; ce
.word 0000000000000010b ; de
.word 0000000000000100b ; ee
.word 0000000000000000b ; ae

Jlanee mporpamMMa ouumiaet (praaru >KAyImUX OpepbIBaHUN MOJyJei 3axBara, BoccTa-
HABJIMBAET KOHTEKCT aKKyMyJsiTopa u peructpoB coctostuust STOu ST1u Bo3Bpatia-
€T ymnpaBieHUE Ha MPEABIAYIINI ypOBEHb MPOTPAMMBI CUCTEMBbI YIIPABICHUS MIPUBO-

JIOM.

Jluctunr 11.3.11.3aBepuienne nporeaypbl 00pabOTKH MpepbIBaHUs MO U3MeEpe-

HHA CKOPOCTHU

cap_isr_exit5:
Idp #eva_page
splk  #0111b, evaifrc
Idp #evb_page

splk  #0111b, evbifrc
mar * AR1

mar *-

lacl  *-

add *-. 16

Ist #0, *-

Ist #1, *-

clrc  INTM

ret

BepHemcs Hazag K alropuTMy U pacCMOTPUM BAapUAHT, KOTJIa CKOPOCTh ObLia orpe-

JieJIeHa KaK HyJIeBasl.

JIuctunr I1.3.12.CkopocTh 3a7aeTCsl paBHOU «HYJITIO»

zeroSpeed>5:
Idp #capSpeed_vars
splk  #0, capSpeed_speed
b capReenable5

Tak >xe pacCMOTpPUM BapuaHT BOZHHUKHOBEHUS MpepbIBaHus 1o curHanam ¢ ¢as B, C,

D u E nocnie nporpaMmmMHOro nemMysabTHILIEKCOPA.

Jluctunr I1.3.13.06paboTKa 11€1€BOro IpephIBaHUs BCIIOMOTATEIBHOTO CUTHAJA

JIIP ¢a3wr B

cap2_isrb5:
Idp #eva_page
lacl cap2fbot
b capReenable5

[leneBas nporenypa o0padboTku npepbiBanus (a3bl B (kak U ocTanbHBIX BCIOMOTa-
TeNBbHBIX (a3), mokazanHas Ha Jluctuare I1.3.13,0cymecTBIsACT SAUHCTBCHHYIO OIle-

palnio YTEeHUs TEKYIIEro BpeMeHu 3axBara co qHa FIFO-0ydepa cooTBETCTBYOIIETO
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KaHaja. DJTa omepanusi He ABIseTCsS 00sA3aTeIbHON, OJHAKO B HEKOTOPHIX BEPCHSIX
MUKPOKOHTpoJuiepoB cepunl TMS320x24xX 11 oOecriedeHrs MpaBHIIbHON pabOThI
CXEMBI TeHEpalUu NpephIBaHUN MepUPEepUtHOrO YCTpOiicTBa TpedyeTcs OpraHu3o-
BaTh YTCHHE JIAHHBIX, BbIIABAEMbIX YCTPOHCTBOM, UTOOBI IPEPHIBAHUE MOTJIO TIPOUC-

XO0OUTb IMOBTOPHO.

HeonHokpaTHO yHOMHUHAIOIIMICS CYETYUK BpeMeHu capSpeed_countebpabaTeiBa-
€TCsl B IPEphIBAaHUM O 3aeMy TaiiMepa 1 B Makpoce MOIyJisi U3MEPEHUST CKOPOCTH.
Makpoc yMeHbIIAET 3HAYEHUE CUETUYMKA U, €CJIA OH OKA3aJICs PAaBHBIM HYJIIO, 3aIlv-

CbIBACT B CKOPOCTDH HOJIb.

Jluctunr I1.3.14.Makpoc nojcuera BpeMEHHU 11 U3MEPUTENS CKOPOCTH B TIPEphIBa-

HUU Taiimepa 1

CAPSPEED_IN_PWM_INT .macro

Idp #capSpeed_vars
lacl capSpeed_counter
bcnd  allready_zero, EQ

sub #1
sacl capSpeed_counter
b end_of _macros

allready_zero:
splk  #0, capSpeed_speed
end_of macros:
.endm

Bxoa B mpoueaypy BBIYMCICHHS MOJOXKEHHUS OCYLIECTBISETCS MO0 CUMBOJIMYECKOMY
umenu “capSpeed_angleCalcHlepssiM ke neiicTBHEM MPOLEAypa 3arpelaeT npe-
pBIBaHUS. DTO CAEJAHO JIJISl TOTO, YTOOBI MPOIEAYpa BCETa NMeia TPUOITU3UTEITHHO
OJIMHAKOBOE BPEMsI BBITIOJHEHUS W BbIJaBaja MHGOPMAIINIO O MOJOKEHUU POTOpa C
(bUKCHpPOBAHHOW BpeMEHHOU 3ajepkkoil. [lo OoK-cxeMe MOXKHO YBUJIETh, UTO Bpe-
Ms1, POLIEANIEE ¢ MOMEHTA ITOCIEAHETO 3aXBaTa, ONPEAEIACTCA N0 TEKyLIEMY 3Ha-
YEHUIO TaliMepa, a 3TO 03HAYAET, YTO €CJIM BEJIMYMHA 3aJEPKKA MEXKYy CUUTHIBAHU-
€M 3HAYEHUSl BPEMEHU U Iepeaadeil ynpaBleHHs MOJIb30BaTEeIbCKON Iporpamme Oy-
JIET CYIIECTBEHHO MEHAThHCS (00paboTka MpephIBaHUS, BKIMHHUBIIETOCS IOCIE CUH-
TBIBAHUS TEKYIErO BPEMEHH), TO PACCUMTAHHBIM Yroj OyAeT HEOoNpeaelIeHHO-
ycTapeBuM. OparMeHT OporpaMMbl, BRIMOJHSIOUIMNA BXO1 B IPOLIEAYPY, TPEACTaB-

sieH B siuctunre [1.3.15.
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JIuctunr 11.3.15.Bxox B mporenypy pacdera mojaoKeHus poTopa

capSpeed_angleCalc5:
setc INTM

Jlanee mporpamma ompenensieT METOJ pacyeTa MOoJIoKEHUs: poTopa. Eciau ckopocTb
paBHA HYJIIO, BBIUUCIATH MOJOXKEHHE MO JUCKPETHOMY COCTOSIHUIO JaT4MKa, WHA4ye

HKCTPANOIMPOBATH OT MOMEHTA 3aXBaTa MocieHEro GpoHTa (a3sl A.

Jluctunr I1.3.16.0Onpenenenue MeTo1a pacuera MojJ0KeHUS

Idp #capSpeed_vars
lacl capSpeed_speed
bcnd  zero_speed5, EQ

Paccmotpum BeTky OJIOK-CXEMbI IIPU OMpPenesIeHHON cKopocTu. dparMeHT nporpam-

™Mbl iuctrHTa [1.3.17BBIYuCsieT BpeMs SKCTPAroJIsSIuy yTia.

Jluctunr I1.3.17.Pacuet BpeMeHU SKCTPANOJISIUHU yTiia

Idp #eva_page

lacl t2cnt

Idp #capSpeed_vars

subs capSpeed_new

sacl capSpeed_anglelnterpolationTime

CrnenyoomumM JeHCTBUEM MPOTPaMMBbI ABIISIETCSI HETIOCPEACTBEHHO pacyeT yria, ocy-
HISCTBIISIIOLIMICSA B JBa 3Tana, aJalTUPOBAHHBIX MOJ] OCOOEHHOCTH BBIYMCIICHHH B

JAaHHOM IIPOLCCCOPC.

VYT0J1 MOXKHO BBIYMCIIUTD M0 cieayroiei hopmyre:

0 =—, (I.3.1)

rae T —Bpemsi Mexay ABYyMs MOCJIEIHUMHU BpeMeHaMmu 3axBaTa GpponTa ¢aser A J(I1P

(Benm4mHA 0OpPATHO MPOMOPIUOHAIBHASI CKOPOCTH),
t —Bpems ¢ MmomeHTa nocaeanero ¢ponta ¢passr A J{I1P.

MoskHO ipeoOpa3oBaTh ypaBHEHUE, YTOOBI N30aBUTHCS OT ONIEPAINH ICTICHUS:

.t 00
6 ?Eﬁ— = / T , (1.3.2)

Tenepb MEPEHOCUM T . B JIEBYIO YaCTh YPABHEHMS:

T.® =t (I1.3.3)

H BBOAMM HOBOC€ 0003HaueHHE JJIA yria.
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0*=tluw . (11.3.4)
AHanu3upys ypaBHEHUs, MOXXHO OIPEEIUTh, YTO BEJIMYMHA 6°® msmensercs ot O

no T . Temepp HE0OX0AMMO TOMHOXHTH €ro Ha koddpdunueHt “‘capSpeed_angleK?,

KOTOpBI OoTMacimTabupyeTr yroia B ¢opmar 1.15.3gech HEOOXOAMMO y4ecTb, YTO
CKOpPOCTb, IPUMEHSIEMAs JIs pacyeTa Ha TEKyIIeM 000pOTe, Ha CAMOM JIEJIE SIBIIIETCS
HE MTHOBEHHBIM €€ 3HAYECHHUEM, a CPEAHEN CKOPOCTBIO BPAIlCHHs POTOpa Ha IPEbl-
ayuem obopore. IlosToMmy, yuuTeiBasi TO, 4TO ABUTATENb MOXET PA3TOHATHCS WIH
TOPMO3UTHCS, & TaK )K€ MOIPEIIHOCTh U3MEPEHUSI CKOPOCTH, HEOOX0AUMO chopmy-
JUPOBATh MpaBUiia TIOBEICHUS U3MEPHUTENs yria, koraa ppont curnana JIIIP ¢a3er A

110 KAKUM-JTH00 IIpUYrHaM OIICPEIKACT HpCHCKaBaHHblﬁ MOMCHT HUJIN OTCTACT OT HETO.

OmnpenenuM, uTo QPpoHT curHana (asbl A Bceraa OOHYJSET yIriioBoe nojoxkenue. To
€CTh, B MOMEHT MPUXOJa CUTHAJIA HAYUHAECTCS HOBBIA OTCUET BPEMEHU U 3TO COOT-

BETCTBYET Hayasly HOBOro ooopora (cm. puc.I1.3.1a).

Byaem cuutath, 4TO €ciu yrioBoe MOJOKEHHE OKA3bIBAETCS OOJIbIIE MOJHOTO 3JEK-
TPUUECKOTr0 000pOTa, TO C 3TOr0 MOMEHTA yroJl MpUHUMAaeT 3HaueHue «—0»,To ecTb
BIUIOTHYIO NMPHUOJIMKAETCA K Hadaldy CIEAYIOLIEro 3JEeKTPUYECKOro 00opoTa, HO HE

nocruraet ero (cm. puc.I1.3.16).

(DpaFMCHT IMporpaMmesl, BBIHOJIHHIOHII/Iﬁ OIITMCAaHHBIC I[CﬁCTBI’IH, MMpeACTaBJICH B JIUC-

tunre [1.3.18.

JIuctunr I1.3.18.Berancienre yraoBoro MOJ0KEHHS C OTPaHUYEHUEM B MpeeIax

AIIEKTPUUECKOT0 000poTa

It capSpeed_anglelnterpolationTime

spm 2

mpyu  capSpeed_speed

sph capSpeed_angleInNoneUnits

It capSpeed_angleInNoneUnits

mpyu  capSpeed_angleK

sph capSpeed_insectorAngle

lacl capSpeed_insectorAngle

sub #16383

bcnd do_not_saturate_angle5, LT

splk  #16383, capSpeed_insectorAngle
do_not_saturate_angle5:

lacc capSpeed_insectorAngle, 2

sacl capSpeed_angle

ret
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N3mepeHHasi CKOPOCTb MeHbLLIE M3mepeHHasa ckopocTb 6onbLue
peanbHOn peanbHOn
A A

[ =

(@] (@)

L [

>‘ .............................................. > ..........................................

s 1360 s |36C

0 0

I I

I I

() [}

(o o

() )

s =

[s2] [52]

AN s

0 36C:. O 36C:
0 PeanbHbIn yron 0 PeanbHbIn yron
a) 6)

Puc.I1.3.1.PaGoTa orpaHuueHus yria B mpesesax dJIeKTPUIecKoro 00opoTa

Tenepp paccMOTpUM BETKY OJOK-CXEMBI, BBIITOJIHSAIOLIYIOCS, KOI'/1a CKOPOCTD €IlIe HE
ompeneseHa U pacyer yrina Begerca no cocrosuuro JAIIP. IIporpamma nponssogut
JBYKPATHOE YTEHUE COCTOSIHUS IOPTa U CPAaBHUBAET BBIOOPKHU MeXy co00il tornye-
cKkoM onepanuen «mcknoyaromero MJIM». B ciyyae paBeHCTBa TaHHBIX NPOU3BOIUT

YTCHHC YIJTIOBOTO ITOJIOKCHUA U3 Ta6JII/II_[bI.

BxoaHOI BEKTOp COCTOSIHUSA AATYHUKA COIEPKUT IISITh IBOMUYHBIX pa3psI0B, HO HE BCE
COCTOSTHUS ABIIIOTCS CAHKIIMOHUPOBaHHBIMU. To ecTh ¢ [AI1P B m060it MoMeHT Bpe-
MEHU MOTYT IPUXOAUTh KOIbI C JABYMsI WM TPEMs, MOCIEAOBATEIBHO HIYIIHMH,
JBOMYHBIMM €UHULIAMM, JPYTHUE KOAbl IPU UCIPABHOCTU O0OPYIOBaHUS JaTUMKA U
KOHTPOJUIEPA NMPUXOJUTh HE MOTYT W SIBJISIOTCS HECAHKUMOHUPOBAHHBIMH, TO €CTh
II0 HUM HEJIb351 BBIUYMCIIUTH ITOJIOKEHUE POTOPA, a TaKas CUTyalus JOJDKHA PacLCHU-
BaThCSl CUCTEMOM Kak aBapwuitHas. [losTomy B Tabmuie mpeobpa3oBaHus KoJia B yroi
IIPEAYCMOTPEHBI KOJIbI, CUTHANIM3Kpytomue o HeucnpasHoctu JAIIP. Ecin n3Binekae-
MoO€ M3 TaOaMIBl YMCI0 paBHO «0»,3TO 03HAYaET, YTO COCTOSHUE JaTYMKA aBapuil-
HOE, B JIPYT'HX ClIydasx 3HaueHue yria Oyzaer He HyneBoe. Ecnu xe TpeOyercs, uro-
Obl nipu omnpeaeneHHoM coctosHuu JIIP n3mepurens BblnaBan HyJaeBOM yroi, TO B

COOTBETCTBYIOILIEH CTPOKE TAOIMIIBI MPOMUCHIBAETCS MAaKCUMAIBHO OJM3KOE K HYJIIO
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HeHyJieBoe 3HaueHue. B dopmare 1.15, yunthiBas TuCKPETHOCTh COCTOSIHUNA JTaT4YH-

Ka, 9TO JOIIYHICHNUEC O HCCYIICCTBOBAHNHU TOYHOI'O HYJICBOTO YIJIa HC CKAa3bIBACTCA Ha

paboToCOCOOHOCTH cucTeMbl. dparMeHT MpPOrpamMMbl U3MEPEHHUS MOJIOKEHUS Tad-

JUYHBIM METO/I0OM TpeacTaBieH Ha quctunre [1.3.19.

Jluctunr I1.3.19.Beruncnenne yrioBoro moJioKeHus! TaOJIMYHBIM METOJIOM C KOH-

TPOJIEM UCITPABHOCTHU CUCTCMbI U3MCPCHUS ITIOJTOKCHUA

zero_speed5: Idp #dio_page
lacc  padatdir, 13
and #111b, 16
Idp #capSpeed_vars
sach capSpeed_capState
Idp #dio_page
lacc  pfdatdir, 3
and #11000b
Idp #capSpeed_vars
or capSpeed_capState
sacl capSpeed_capState
Idp #dio_page
lacc  padatdir, 13
and #111b, 16
Idp #capSpeed_vars
sach capSpeed_capStatel
Idp #dio_page
lacc  pfdatdir, 3
and #11000b
Idp #capSpeed_vars

or capSpeed_capStatel
xor capSpeed_capState
retc  NEQ

lacl capSpeed_capState

add #zero_speed_angle_table5
tblr  capSpeed_angle

lacl capSpeed_angle

retc  NEQ

lacc capSpeed_capState, 16

or capSpeed_faultRoutine

bacc
zero_speed_angle_table5:

.word O ;00000

word O ;00001

.word O ;00010
.word 22938 ;00011
.word O :00100
.word O ;00101
.word 36045 ;00110
.word 29491 ;00111
.word O ;01000
.word O ;01001
.word O :01010
.word O ;01011
.word 49152 ;01100
.word O ;01101
.word 42598 ;01110
.word O ;01111
.word O ;10000
.word 9830 ;10001
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.word O ;10010
.word 16384 ;10011
.word O ;10100
.word O ;10101
.word O ;10110
.word O ;10111
.word 62259 ;11000
.word 3277 ;11001
.word O ;11010
.word O ;11011
.word 55706 ;11100
.word O ;11101
.word O ;11110
.word O 11111

Cucrema M3MepeHUsi CKOPOCTU M TOJIOKEHHUS ONEpPUPYeT ABYMsI OCHOBHBIMH Iapa-
meTpamu “‘capSpeed_deltaTNomit “capSpeed_angleK"koTopsie BBIYUCISIOTCS B
MPOIIeType WHUIMATU3ANNHN U 3aBUCAT OT HOMUHAIILHON CKOpOCTH TprBoaa. Homu-
HaJbHAsE CKOPOCTh TMPHUBOJA HMCUUCISIETCS B ThHICSYaX MEXaHHYECKHMX OOOpOTOB U
XpaHuTCs B mapametpe “‘capSpeed_nt"TlapameTp AOCTyIIeH B MEHIO HACTPOWKH Ta-
paMETPOB CUCTEMBI YIIPABICHUS M MOKET U3MEHSTHCS OT 3 10 5 ¢ TUCKPETHOCTHIO B

CAUHUILY.

I[J'I?I BBIYHCJICHUA HOMHWHAJIIBHOI'O IPUpAIICHUSA TaﬁMepa Ha OJHOM JJICKTPHYCCKOM

000poTe ucnonabzyercs Gpopmyra:

capSpeed _ del taTNorr(100006j

MUH

capSpeed _deltaTNom= " : (I1.3.5)
n

MUH

rae CapSpeed_deItaTNorr(lOooi) — MpuUpalieHue TakMepa IMpPH CKOPOCTH

1000mMexannvecKkux 060pOTOB B MHUH,
Nt — HOMUHATBHAS CKOPOCTH BPAIICHUS B THICAYAX MEXAHUYECKUX 00OPOTOB B MUHY-
Ty.

Pacuet ko3 punrenta npeodpazoBanus yria Mpou3BOIUTCS MO hopmyIie:

capSpeed angleK = capSpeed _angleK(lOOOﬂ] [t (I1.3.6)

MUH

rje CapSpeed_angleK(lOooi) — 3HaueHHe KodPUIIMEeHTa TP HOMHUHAIBHOMN

MUH

ckopocty 1000060pOTOB B MUHYTY.
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Bce pacydCThbl BBINMOJHAKOTCA IJI1 MAlllMH C YMUCJIOM IIap ITOJIFOCOB PAaBHBIM BOCHMU.

®parmMeHT nmporpaMMbl HHULIMATU3auu npezcTaBieH Ha tuctunre [1.3.20.

Jluctunr I1.3.20.Pacuer k03¢dHUITIEHTOB U3MEPUTENISE CKOPOCTH U TTOJIOKECHUS

capSpeed_init5;
Idp #capSpeed_vars
lacc #9375
rpt #15
subc  capSpeed_nt
sacl capSpeed_deltaTNom

splk #7158, capSpeed_counter
lacl  #0

rpt capSpeed_nt

adds capSpeed_counter

subs capSpeed_counter

sacl capSpeed_angleK
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IHpuaoxenue 4. Peanuzanus [IU-peryasitopa

Cuayvaina npuBezieM (pparMeHT NpoTrpaMMBbl JJIs pacdeTa TEKYIIEro paccoriacoBaHUs
Y COXPAHEHUs MPEAbIAYIIETO /Il YMHOKEHUS Ha MPOMOPLHUOHABHBIN KO3 PHUIeHT

(cMm. nmuctunr 11.4.1).

Jluctunr I1.4.1.PacyeT paccoriaacoBaHusi Ha BXOJE PETYJISITOpa

setc OVM
Idp #piCont_vars
It piCont_ek ; sarpyska e[k-1] B TREG

lacc  piCont_xSet, 16
sub piCont_xFdBk, 16
sach piCont_ek ; COXpaHeHMe HOBOI OUMBKM

Jlanee mporpamMma pa3feibHO YMHOXAET HA MPONOPIUOHANIBHBIA KO3 ULIMEHT mpe-
JBIAYIIEE U TEKYIIEE paccoriacOBaHUE, BBIYUTAS UX B aKKYMYJISITOPE, MOMYTHO pac-
CUMTAB MHTETPAJBHYIO COCTABISIONIYIO, KOTOpas moka ocraercs B PREG €m. muc-

tunr [1.4.2).

Jluctunr 11.4.2. BerauciaeHne CoCTaBISIONINX PETYISITOPA

spm 0

mpy piCont_kp ; pacuer kp*e[k-1]

Itp piCont_ek ; e[K]->TREG, PREG(kp*e[k-1])->ACC
mpy piCont_kp ; pacuer kp*e[k] -> PREG

mpys  piCont_Ki ; pacuer ki*e[k], ACC <- ACC - PREG
neg ; ACC = -ACC

[Tocne HEeoOxoanMo mpeodpazoBaTh U3MEHEHHE MPOMOPLUOHAIBHON COCTABIISIIOIIECH
B akkymyisatope u3 dopmara 12.20B 4.28,9T0 OCYyImIECTBISIETCS BOCHMUKPATHBIM
MOBTOPEHHEM KOMaHbl HOPMUpPOBaHUs uncia. Eciu uncno He BOHMCHIBaeTCs B Qop-

mat 4.28,10 ¢uar TC Oyzaer 06 3ToM curHamu3upoBath (cM. uctudr [1.4.3).
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Jluctunr 11.4.3.Onpenenenne HACHIIICHUS PETYJIATOPA IO MPOTOPITMOHAITBHON CO-

CTaBJISIONIEN
bcnd  no_p_saturation, EQ
rpt #7
norm * : npuseneHue k popmary 4.28

bcnd  no_p_saturation, NTC
bcnd  positive_p_saturation, GT
bcnd  negative_p_saturation, LT

Ecnu orpannyenue He TpeOyeTcsi, TO MOKHO MPOBECTH CYMMHUPOBAHUE OCTAIbHBIX
COCTaBJISIFOIIUX (MHTETPATbHON M 3HAYCHHS MPEABIIYIIETO BBIX0Ia PETyIsITopa) (CM.

muctunr 11.4.4).

Jluctunr I1.4.4. CymMupOBaHUE COCTABISIONINX PETYIATOPA

no_p_saturation:

apac ; Ao6aByleHMe MHTEIrPaJIbHOM COCTAaBISIEen
adds piCont_ukLow
add piCont_ukHigh, 16 ; cnoxenne c U[K-1]

Jlanee HEOOXOIMMO MPOU3BECTU MPOTPAMMHOE OTPAHMYEHHE BBIXOJA PETyJsATOpa B

3amaHHbIX npeaenax (cm. muctunr [1.4.5).

Jluctunr I1.4.5.OrpannueHne BbIX0Ja PETYSATOPA B 3aIaHHBIX Mpeaenax

sub piCont_ukMax, 16
becnd  positive_saturation, GT
add piCont_ukMax, 16
sub piCont_ukMin, 16
bcnd  negative_saturation, LT
add piCont_ukMin, 16

3aBepiiaeM MporpaMMy COXpaHeHHUEM HOBOTO Bbixoja (cMm. muctunr [1.4.6).

JIuctunr I1.4.6.CoxpaHeHre BBIXOAHOTO BO3ACHCTBUS

no_saturation:
sacl piCont_ukLow
sach  piCont_ukHigh
ret

Ecnu npoucxoaut nmporpaMMHOE WM ariapaTHOE OrpaHUYeHue, TO uX oOpabaTbiBa-

eT mporpamma nuctunra [1.4.7.
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Jluctunr I1.4.7.006paboTuuk orpaHUuEHUN

positive_saturation:

lacc  piCont_ukMax, 16

b no_saturation
negative_saturation:

lacc  piCont_ukMin, 16

b no_saturation
positive_p_saturation:

lacc #7FFFh, 15

sfl

b no_p_saturation
negative_p_saturation:

lacc  #8000h, 15

sfl

b no_p_saturation

Tekct monyns [IM-perynstopa npuBeneH ¢ UCNOIB30BaHUEM NPSIMOMN aapecauuu I
TOT0, YTOOBI MPOIIE MPOYUTHIBAJICS ANTOPUTM €ro paboThl. B KOHEeUHOH peanu3zaiuu
UCIIOJIb30Bajach KOCBEHHAs aJpecalnus, 4ToObl MOKHO ObUIO CO37aBaTh HECKOJBKO
CTPYKTYP JAaHHBIX O] Pa3HbIEC PErYJIATOPBI C PA3HBIMU IApAMETPAMH, & MOLYJIIO IIPU
€ro BBI30BE MIE€PENaBATh TOJIBKO HAUYaJIbHBIN aJipec CTpyKTyphl. Takum oOpa3om, cuc-

TEMa MOXCET pa60TaTI> C JTFOOBIM KOJIMYECTBOM PEryInpyemMbIX BCIINYNH.

JIaHHBIM PEryiasTop YCHEIIHO MCHOJb3YETCS HE TOJBKO B KOHTYpPE PETYIMPOBAHMS
CKOPOCTH BEHTUJIbHO-MHIYKTOPHOTO MHOro(pa3HOro IpHBOJA, HO U B COCTaBE MPO-
IrpaMMHOTO obOecrieueHus mpeodpa3oBaTeneil YaCTOThl cepun «Y HUBEpCcA» U B pse

JIPYTUX 3a/1ad4.
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IIpuioxkenne 5. CTeHT aBTOMATU3HPOBAHHOI0 TECTUPOBAHMS

KOHTPOJLJICPOB
Pasbem YnpaeneHue
umdppoBoro Axamnepom
Pasbem nnTaHume 3arpysku
OCHOBHOTO I+5\/ K1 R1 KOHTpoOn- K2 no RS-232
NMNTaHNUA Py nepa
. 1 | SLOADER
e[ TH | , 11 +5V(D) ., 2 | COMMON
GND| 2 I [1omk [0.1mk g B 2 | GND(D) [ 3 |USRPROG
—= PasbeM
aHanorosoro
NMNTaHNA
KOHTpOn-
nepa
1 | +5v(A)
0.1MK ':+5v 2 | GND(A)
RS-232(2)
DCD | 1 L K C1+VCCVS+ .
RD| 2 ——C1- —
+ C2+
™D/ 3 — _1*
" Tkl €2 e L =/— = +24V
MAX232 +24V
GND| 5 K1
DSR|6 | = DS2003 K2
: DS2003
RTS| 7 R1in R1out
R2in R2out D }
CTS| 8 GND
RING | 9 1

Puc.I1.5.1.Cxema yripaBiieHHs] TUTAHUEM M TIOCJIEI0BATEIHLHOM 3arpy31<017fr

[IpoBepka umHTepdeiica koHTposuiepa RS-232 u mociienoBaTesIbHOTO 3arpy3urka
MUKPOKOHTPOJIIEpA MPEIOIaraeT YyCTAHOBKY KOHTPOJIEPA B PEKUM MPOTPAMMHUPO-
Banus Flashaamsatu nyrem mepekitodenus mkammnepHoro mois miatel MK11.3 B
PEXUM TOCIEeN0BAaTeNbHON 3arpy3kd, KOrjla B MaMsATh IPOLECcCopa OTpa)aeTcs

BcTpoeHHoe [13Y ¢ komoM mporpaMmsl 3arpy3uuka. 3amnyck NporpaMmmsbl Mociae0Ba-

"31ech 1 ganee mokasaHbl PUHIKIIEI yCTPONCTBA CXEMBI CTEHIa TECTUPOBAHKS KOHTpoIuiepa. B
TJIaBe MOCJIEA0BATENILHO BEACTCS CHHTE3 TUIAaThl TeCTUpOBaHus KoHTpossiepoB MK11.3u pe3ynbTa-
ThI TOT'0 CUHTE3a OTJIMYAIOTCS OT PEAbHOM MJIaThl HyMepanuen 1 KoH(purypamnuei pa3beMos, uc-
IIOJIb30BAaHUEM aJPECHBIX PECYPCOB U KOHKPETHBIX MUKPOCXeM. BMecTe ¢ TeM, pyKOBOJCTBYSCh
CXEMaMH, IPUBEICHHBIMY B JaHHOW IJIaBE, MOYKHO ITOJIYYHTh CXEMY CTCH/1a aHAJIOTUYHYIO IpUMe-
HsIEMOM Ha IIPaKTUKE.
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TENBHOTO 3arpy3urKa OCYIIECTBISETCS Mojayeil Ha KOHTpoyuiep nutaHus. [lns
yIpaBJICHUSI ATHM IPOLECCOM PEIICHO HUCMOib30BaTh curHaiel ‘Data Terminal
Ready’n “Ready To Senduntepdeiica RS-232(2)nepcoHaibHOro KOMITBIOTEpA.
[TocnenoBarenpHBIA 3arpy3duk OymeT padotath yepe3 RS-232(1),koTophlil Takke
umeet curHainsl DTR u RTS,Ho nporpamma nocienoBaTenbHOM 3arpy3Ky Ha Mepco-
HAJbHOM KOMITBIOTEPE CaMa OCYIIECTBIISIET MEPEKOH(UTYpaLIUI0 MOpPTa U, COOTBET-

CTBCHHO, U3MCHACT UX COCTOAHUC.

Kaxk nmokazano Ha puc.I1.5.1.curnanst DTR u RTSnpeobpasyrorcs B TTJI-ypoBeHs C
noMoIbi0 MukpocxeMbl MAX232 (2 npaiiBepa u 2 mprueMHUKA), TOCTYTAIOT Ha BXOJI
mukpocxeMbl DS2003 (7ycunmreneil ¢ OTKPBITBIM KOJUIEKTOPOM M OOpaTHBIM JIHO-
nom). Beixonbr mukpocxembl DS2003coenunensl ¢ oomotrkamu perne K1 u K2. K1,
ynpasisiemoe curHaiom DTR, Bkitouaer n OTKIIIOYAaeT MUTaHUE KOHTPOJUIEPA, TO
ectb ocymectBisieT ¢yHkiuio RESET koHTposuiepa 1mo koMmaHjae MepCOHaTIbHOTO
KOMITBIOTEPA U TeCTUpYIOIEH cucTteMbl BepxHero ypoBHs. Curnan RTS uepes kon-
TaKThbl cBOero pene K2 ympapisieT aKaMIepHbIM MOJEM KOHTPOJUIEPa, MO3BOJISIOIEM
BBIOpATh MEXy PEXKHUMOM TOCIEOBATEIbHON 3arpy3KH M BBIIOJIHEHUEM MPOrpam-

MBI, TIPOTIMCAHHOH BO BCTpoeHHYyI0 Flashaamsts.

[Iporpamma TECTHpPOBaHMS BEPXHErO YPOBHS OTKJIKOYAET KOHTPOJUIEP OT MUTAHUS,
IEPEBOJIUT €r0 B PEXHUM IporpammupoBanus Flashfiamsatu u BkITIOYaeT muraHue.
3areM OHa 3aIycKaeT MPOrpaMMy 3arpy3ku KoHTpoiuiepa mo RS-232(1)a nmponwuch-
BaeT B ero Flashsamsare mporpammy TecTupoBaHUs, KOTOpas B JajbHEUIIEM OyIeT
npou3BoauTh TectupoBanne MK11.3. Tlocne 3aBepiieHnss mporpaMMHUpPOBAHUS TIPO-

rpaMMa BEpXHEro ypoBHS cuuTaeT, uTo TecT RS-232unTtepdeiica MK11.3npoiineH.

TectupoBanne CAN-untepdeiica mpou3BOIUTCS MOMYTHO CO BCEMHU TECTaMH, TaK
KaK cTaTycHas nH(OpMaIus 0 pe3ysibTaTax TeCTUPOBAHUS MEPEAACTCS B KOHTPOILUIED
uMeHHo mo CAN. KomnproTep Takke OCyIIECTBIsICT CKBO3HYIO MOCBUIKY HH(pOpMa-
mun ot ycrpoiictea CAN(1) yerpoiictBy CAN(2) yepes MK11.3 niast Toro, 4to0bl
POTEeCTUPOBATh (PYHKIIMOHUpPOBaHUE 000mx pazbeMoB CAN-cetn miaThl KOHTPOJ-

aepa.
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Jlnst mpoBeneHusl NAIBbHEHIINX TECTOB MPUMEHSIOTCS MOPTHl BBOJA/BBIBOJA, TOI-
KJII0YaeMble K BHEIIHEH MIMHE aJpeca W JaHHBIX, BHIBEJEHHbIC HA Pa3beMbl PacCIIH-
pennss MK11.3.[lopTel BBOMA CITyKaT JUIsl BBOJIa B KOHTPOJUIEP COCTOSIHUN €ro JIO-
TMYECKHUX BBIBOAOB. [IOpTHI BBIBOJJAa KOMMYTHPYIOT pelie, MEePEKITI0YaIOIe PeKUMBI
paboThl KOHTPOJIIEPA, OCYIISCTBIISIIOT MOAaYy CUTHAIOB Ha mopThl BBoma MK11.3.
[Tocne aHanm3a KOJIMYECTBA BOZMOKHBIX YCTPOMCTB OBIJIO IPUHATO PEIICHHE 00 Op-
rauu3anuy 16 pa3aenpHbIX CUTHAJIOB CeNIeKTUpOBaHMs MopToB. Cxema aemmudpaTopa
aapeca mokazaHa Ha puc.I1.5.2. B kadyectBe nemmdparopa BelOpaHa MHKpOCXema
SN74/54LVC138A —pemmdparop Ha 8 KaHAIOB ¢ WHBEPCHBIMU BBIXOJaMU C Ha-

npsokenreM nutanus 3,3 Bonbra [20].

G Vce
G2A
G2E
AC A
A1 B
A2 C

Puc.I1.5.2.Cxema nemudpatopa agpeca

Curnanst |S#, WE#u R/W# npuxonsr ¢ pazsema pacumpenns MK11.3u npoxoasr
yCHJICHUE U MTPeo0pa3oBaHue Mepe pacipeie]ICHHEeM 10 MoTpeduTensiM. B kagecTse
Oydepupyrommux MUKpPOCXeM CleayeT BriOpaTh Jioruky cemerictBa LVC. OT1o cemeit-
CTBO O0ECIICUYMBAET BHICOKYIO CKOPOCTh MepeKfoueHus (0T 5 10 7 HC), BRICOKYIO Ha-
IPY304HYIO CITIOCOOHOCTH (24 MA) ¥ COBMECTHMA 110 BXOJIY C MATUBOJIETOBBIMH MHK-

pocxemamu TTJI-ypoBHs [17].



coeguHeH SPIl-pastemom Ha MK11.3 — Veo Voo
SPI_CLK| 1 SCLK SCLK SO
SPI RX| 2 SPIQ
SPILTX| 3 Sl Q ,é D
PAR_LOAD | 4 MC74HC595A MC74HC589A
CS2/| 5 LATCH STRB# | LATCH
CS3/| 6 RS — PAR_LOAD
Cs4/| 7 OE OF.
CS5/| 8 GND GND T_
cseé/| 9 1
cSs7/| 10 = =
NC| 11 D_
NC| 12
NC| 13
l+5v
GND(D) | 14 V433V .
GND(D)| 15 o—| }j »
GND(D) | 16 Vce —
GND(D)| 17 L DO Q0 <D0 1»—}
GND(D)| 18 D1 Q1 D1
D2 Q2 D2 10mK | x
GND(D) | 19 D3 Q3 t<{D3| — |8
GND(D) | 20 D4 Q4 D4
D5 Q5 D5 T
GND(D) | 21 — D6 Q6 D6| — =
GND(D) | 22 D7 Q7 :é D7
GND(D) | 23 SN74LVC374A
GND(D) | 24 CLK
GND(D) | 25
GND(D)S1-12
/CS0 —_—
RW | ' [7OE
GND

||H—

Puc.I1.5.3.Cxema tectupoBanust SPlunTepdeiica

Hns  tectupoBanuss ~ SPlunTepdeiica  MCHONB3yHOTCS  JBE  MHUKPOCXEMBbI
MC74HC595A —peructp ¢ mocieaoBaTeIbHBIM BXOJOM W TMapauIeIbHBIM BBIXO-
nom (anamor ot Texas Instruments sn74hc595 [18])MC74HC589A —peructp ¢
napajuie)IbHbIM BXOJIOM M TOCIEIOBATEIbHBIM BhIXOJOM (aHasor ot Texas Instru-

ments sn74hcl66 [18])lectupytomias mporpaMma MpONUCHIBAeT HaHHbIE Mo SPI-
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unteppeiicy B8 MC74HCS595A 3amenkuBaer ee B MC74HC589Au cuutsiBaeT 06-

patHo. /{711 3ammenku napauieabHOro Kofa ucnoisb3yercs curian STRB#c¢ pazbema
pacIIMpeHusl KOHTpoJuiepa. JTO ClEJIaHO, 4TOObl IMPOBEPUTH PabOTOCHOCOOHOCTH
CUTHaja, MO3TOMY IporpaMMa TECTUPOBAaHHUS JOJDKHA BBIMOJHUTH OJHY KOMaHIY
JOCTyNa K BHEIIHEH MaMsTH, 4TOObl JaHHbIE 3alllelKHYIuch. Ecaum uHopmanms
COBIAJIa, CYMTAETCs, YTO WHTepdelic mnpuema/nepenaun padoraer. Mukpocxema
MC74HC595AunmMeeT BXo1 BHEIIHETO cOpoca, KOTOPBIM UCHOIB3YeTCs AJIsi MHULIKA-
JAU3aLUU PETUCTPAa B MOMEHT BKJIFOUEHUS NUTaHMsl. Takum o0pa3oM, mocie mojaqyu
NUTaHUs Ha IUJIATy CTEHJA, COCTOSHUE MapajIeNbHOTO BBIXOJa OyneT OOHYJIEHO, U
OyAyT NOJTy4€Hbl CUTHAJIBI CO CTA0OMJIBHBIM U U3BECTHBIM MOCJE BKIIOYSHHS MUTAHUS

YPOBHEM.

Jlns TecTupoBaHHS CHUTHAJIOB BbIOOpa ycTpoiictBa SPlunTepdeiica mcnomb3yercs
IOpPT BBOJA, JAOCTYMHBIN ais mporpammucta 1o aapecy 0000hB obOmactu mamsitu
BBOJ1a/BbIBOJIA. TecTUpOBaHUE MUKPOCXeMbl SPl41aMsaTi nmapaMeTpoB MPOU3BOIUTCS

0e3 y4acCTuA 1IJIaThl TCCTUPOBAHMA.

+24V 124V ynpaBneHue
AxXamnepom
K4 JP11
D$2003 i I o pravT
SPIQ0 } DS2003 |
sPiat } K= 3 | +5V(DR)
+24V 5 | +5V(RS)
[Tj +24V | 2 | GND(D)
K6 .
552003 <] 4 | GND(DR)
DS2 6 | GND(RS)
SPIQ2) 003 KE
SPIQ3 )
ynpaBneHune ynpaBneHue
oxXamnepom AoXamnepom
K7 JP13 K6 JP12
| 1 | RS-485 | 1 | RS-485
f° 2 | COMMON re 2 | COMMON
3 |RS-232 3 |RS-232

Puc.I1.5.4.Cxema ynpaBieHus I>KaMIIEpHbIMU NOJSIMUA UHTEP(hENcoB

RS-232u RS-485
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TectupoBanne RS-485mpon3BoauTCs B ABYX pEXUMaxX: ¢ BHEUITHUM M BHYTPEHHUM
UCTOYHHKaMU nuTaHusd. [lepexiitoueHne TKaMIEpHBIX MOJIEH, OTBEYAIOIUX 32 pe-
UM pabOThl yCTPOICTBA, OCYLIECTBIIAECTCS C MOMOIIBIO pele, YIPaBIseMbIX CUTHA-
namu teneit tectupoBanus SPlunTepdeiica SPIQO, SPIQ1, SPIQzZ:1 SPIQ3.
VYpapiieHUuEe 3TUMU pelle HElb3sl OCYIIECTBIATh OT OOBIYHBIX MapajlIeibHbIX OPTOB
BBIBOJIA, TaK KaK COCTOSIHME IMapajIeIbHOTO MOpPTa MOCJE BKJIIOUYEHUS NMUTAHUS HE
OTIpE/ICNICHO, @ COCTOSIHUE MOCIEI0BATENBHOTIO PErHCTPa NMPUHYIUTEIIEHO OOHYIISIET-

CA C IIOMOIIBIO pCSHCTHBHO-CMKOCTHOﬁ OCIIOYKH.

[Iporpammuo-niepexitoyaemoe perne K3 mo3Bossier mpou3BOIUTh TECT MOHUTOPHUHTA
NUTaHUS TPOIIeCCopa, BBOAS B LIENb MHUTAaHUs HU3KOOMHEIN pe3uctop R1. B stom
cllydyae MHKpPOCXEMa MOHHWTOPHMHIA IMUTAaHUs KOHTposuiepa Bbimaer curHan /PFO
(Power Fail Output -Curnan nponaganus MUTaHUS), KOTOPBI MOXET 3a(HKCHPO-
BaTh TECTHPYIOIIEEe MPorpaMMHOe o0ecriedeHne KoHTpoiutiepa. Pesuctop mondupaert-
Csl TAKUM 00pa3oM, YTOOBI ITPH BBEJICHUH €T0 B II€Nb MUTAHHS, KOHTPOJLIEp HE Ioma-
nain B cocrossHue RESET. Ecinu nosieenue curnana /PFO He Obuto 0OHapy»keHO
IPOTPaMMHBIM O0ECIICUYCHHEM, TO CIEeIyeT MPOU3BECTH MOJICTPOUKY YpOBHS cpada-

ThIBAHUS CUT'HAJIA C IIOMOUIBIO IMOACTPOCYHOI'0O PE3UCTOPA HA IJIATC KOHTPOJIIICPA.

+24V

K3
DS2003

[SPiaD) K

Puc.I1.5.5.Cxema BK/IIOYEHUS pelie MOHUTOPUHTA TUTaHUS



184

COeIHEH C pa3beMoM nHeepTopa Ha MK11.3 ¢ 3.3V 0.1MK
TIPWM+| 1 v‘;c—i
PWM1-| 2 DO
PWM1+| 3 —{4.7x] 8(1)
PWM2-| 4 D1 Q2
PWM2+| 5 4.7k Q3
PWM3-| 6 D2 82
PWM3+| 7 —{4.7k] 83
PWM4-| 8 D3
PWM4+| 9 +—{4.7k]
PWM5- | 10 D4
PWM5+| 11 —{ 4.7 ]
PWMS6- | 12 D5
PWM6+ | 13 4.7 SN74LVC374A
T1IPWM- | 14 D6
T2PWM+| 15
T2PWM- | 16 D7
C1_ERROR| 17
E1_ERROR| 18
C2_ERROR| 19
E2_ERROR| 20
NC| 21 CLK
NC| 22
NC| 23 _
NC| 24 R t inEs
NC| 25 i'\ﬁ

Prc.I1.5.6.CxeMa YTeHHS COCTOSIHIS HHBEPTOpa®

TecTupoBanue pa3beMOB YIPABJICHHS] HHBEPTOPOM OCYIIECTBIIACTCS 3aaHHEM KOM-
OMHaMM CUrHajoB Ha Hoxkax PWM1, PWMZ2...PWM12, T1PWM, T2PWM,
T3PWM u TAPWM. BeicTaBrienHass KOMOWHAIMS CUMTBHIBAETCS Yepe3 MOPT BBOJA U
cpaBHHBaeETCs ¢ BbIxoHOH (cM. puc.I1.5.6). Ocoboe BHUMaHUE ClIeIyeT OKa3aTh TeC-
Ty, Korjma Bce IIIMM-BBIXOJIBI MUKPOKOHTPOJUIEpA MEPEBOAATCS B Z-COCTOSIHHUE, a
BBIXOJTHBIC CHTHAJIbI POYUTHIBAIOTCS TIOPTOM BBOAA. T€CT CUMTACTCS MPOUIECHHBIM,
€CJIM COCTOSTHUSI BCEX KJIFOYEH OKa3anuch HeaKTWBHBIMH. [logo0Hast mpoBepka BHI-
TIOJTHSETCSI M3-32 OCOOCHHOCTEH KOHCTPYKIMH Oy(epHbIX WHBEPTOPHBIX IICTICH KOH-

TpoJIIEpA.

* Ha pucyHKe W300paXkeH pa3beM TOJILKO IIEPBOTO MEHEKEPA COOBITHI. J{iis BTOpOro pasbema
CXEMa BBIIMTIOJHACTCA aHAJIOTUYHO.
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/CS2

}

SN74LVC374A

CLK

OE

Vce

GND

:' +3.3V 0.1MK

+24V @

—®

A
1)

DS2003

K10

K11

T

—( Cf

—(C2

Eq

o

(4]

Puc.I1.5.7.Cxema BbIBOZIa MH(DOPMALIMK HA pelie

Jnsa ocymiecTBiaeHUss KOMMYTAlUWd JHUKAMIIEPHBIX ITOJEH WM LENEed BHYTPH IUIATHI
TECTUPOBAHUS TPUMEHSIETCS CXeMa IMapalIeIbHOTO TOpPTa BBIBOJA HA MHUKPOCXEME
SN74LVC374A [21]. Mukpocxema nurtaeTcsi oT Hampsbkenus 3,3 Boibra, BXOIbI
MUKPOCXEMBI IOMYCKAIOT €€ TOIKIFOYCHIE K UCTOYHUKAM ITSITHBOJIBTOBOM JIOTUKH, H
UMeeT BBIXOJHBIE cHrHaibl B cranmapre Low Voltage 3,3 V TTL.Mukpocxema
DS2003nutaercs ot Hanpsbkenus 24 Boabsta u umeetr 5 BoabT TTJI-coBMecTHMBIi

BXO/I, YTO MTO3BOJISIET HAIIPSIMYIO COETUHSTH €€ 1o Bxony ¢ 3,3 Bonbra TTJI-moruxoii.

I[JI}I TECTUPOBAHUA CUTI'HAJIOB aIlllapaTHBIX 3alllUT IMPUMCHAIOTCA PEJIC, 3aMbIKAIOIINEC

SMUTTCP U KOJUICKTOP BXO/Jad aBapHH.




¢ t3.3V 0.1MK paszbem AMNP Ha MK11.3
0—| - C o dpepeHumanbHbIMU
Vce — BXoAamu
DG Qo0 1 [A+
D1 Q’ 2 |A-
D2 Q2 3 | B+
D3 Q3 4 | B-
D4 Q4 5|R
D5 Q5 € | R-
Dé Q6 +5V(S)1 — 7 [+5V(S)
D7 Q7 — 4.7k F{ WI/R#/IOPCC] [GND(S)1 >— 8 | GND(S)
SN74LVC374A S | GND(K)
/CS3
TWE 1 % CLK
‘OE
GND

Puc.I1.5.8.Cxema npoBepku Bxozaa nuddepenmuansuoro 1P

[IpoBepka paboTocriocoOHocTH KaHaiaoB BBoja Ha MK11.3 curnanor ¢ JAIIP ¢ aud-
(dbepeHInaTbHBIMUA BBIXOJIAMH TPOW3BOAUTCS C MOMOIIBIO TIOPTAa BBIBOJA, MPOHU3BO-
JSIIETO TOJIady TECTOBBIX CHTHAJIOB HAa COOTBETCTBYIOIIMKA pa3beM KOHTPOJUIEpA.
DTOT e MOPT BbIBOJAA UcHoJb3yeTcs s npoepku currana W/R#/IOPCOpa3bema

paciMpeHrst KOHTPOJLIEPA.

AHaNOTHYHBIM 06p330M IMPOBCPACTCA BXOJ INMOTCHHHUAJIBHOI'O JAaTYWKA ITOJIOKCHUSA

(cMm. puc.I1.5.9.).

JIns mepeximodeHus JKaMIEpPHBIX IOJeH, Nepexmodarommx kaHanasl 1P mexny
nudepeHnanbHBIMU U MOTEHIIUATBHBIMU, UCIIONB3YETCS MOPT BBIBOJIA C, MOAKIIO-
YeHHBIMHU K HeMy depe3 ycunutenb DS2003 pene (cm. puc.I1.5.11).TIpu stom moss
JDKaMIIEpOB, OTBEYAIOIIMX 33 BBOJ| CUTHAJIOB MOJAYJIEH 3aXBaTa pa3beMOB pacIIupe-
HUS KOHTPOJUIEPa, 3aKOPAYMBAIOTCS, a CBSI3b C pa3beMaMH PaCIIMPEHUsS KOHTPOJIU-

pyeTcs ¢ moMoIIbko mopta BBoa (cMm. puc.I1.5.10).
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¢ t3.3V 0.1MK paszbem AMNP Ha MK11.3
0—| - C NoTeHUManbHbIMy

Vce BXO4amMu
D0 )— DO Qo | A
D1 —{ D1 Q* GND(S)2 2 [ GND(S)
D2 — D2 Q2 | 3B
D3 — D3 Q3
D4 — D4 Q4 GND(S)3 4 | GND(S)
D5 — D5 Q5 5 C
D6 — D6 Q6
D7 — D7 Q7 GND(S)4 6 | GND(S)
SN74LVC374A 71D
GND(S) 8 [ GND(S)
9 |E
GND(S)€ 10| GND(S)
11| F
/CS4 ’ CLK
WE GND(S)7 12| GND(S)
YOI +5V(S)2 13| +5V(S)
GND GND(S)8 14| GND(S)
— 15| SHIELD

Puc.I1.5.9.Cxema npoBepku Bxoaa notenuuansHoro JI1P

¢ +3.3V
Vce
A_5 )| DO Qo0
B 5 » D1 Q"
CAP1/QEP1/IOPA3)— D2 Q2
CAP2/QEP2/IOPA4 ) D3 Q3
CAP3/IOPAE D4 Q4
D5 SN74LVC374A Q5
D6 Q6
D7 Q7
/CS5 —
TRIW "{OE
CLK  &ND

Puc.I1.5.10.Cxema nposepku curranoB JAI1P Ha pazbeme pacmmpenus

CJICILYIOHII/Iﬁ 9TaIll TCCTUPOBAHHA BHEIIIHEH MaMSITH HJAaHHBIX W IIPOIrpaMM IIPOU3BO-

JAUTCA 0e3 UCIOoIb30BaHUS CPCACTB IJIaThl TCCTUPOBAHMUS.

I[J'ISI TCCTUPOBAHUA INHWHBI aapeCa IMPHUMCHAIOTCA CBsA3Ka IOPTAa BbIBOAA C ITOPTOM
BBOJA. HpI/I O6paH_ICHI/II/I K BHEIIHEH NaMITH aapeC 3axJIONbIBACTCA B CABOCHHOM

(16-pa3psimHOM) TIOPTE BBIBOJA. 3aXJIOMHYBIIMECS JaHHBIC, TO €CTh COCTOSHHUE
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BHEIIHEH IIUHBI afjpeca BO BpeMs 0OpalleHusl, onaiaoT Ha BXOJ CABOEHHOTO MOPTa

BBO/JA.
+24V ¢
1 |
K13 K15
¢ +3.3V 0.1mK
¢ K12 K14
Vce pr—
— DS2003
DO Qo0
D1 Q1
D2 Q2
SR | B
D4 Q4
D5 Q5 oxamnep mpKamnep
D6 Q6 JP5 JP6
D7 Q7 common | 1 — K12 common | 1 — K13
SN74LVC374A ALl?2 | B LI?2 |
common | 3 . common | 3 °
All4 '\| B 1|4 '\|
common | 5 e common| 5 e
556 A_EXT| 6 — B_ EXT| 6 |—
—i 1}cu<
IWE mpKamnep
OE JP8
GND D_L 1
oxamnep — mkamnep common | 2
JP7 - JP10 S EXT| 3
common | 1 K14 common | 1 K15 =
CclL|2 | FL|2 | ﬂ"‘j‘g‘gep
common | 3 . common | 3 °
E L|1
Cl|4 '\| /PFO | 4 '\| — >
common
common| 5 ¢ common| 5 —e = ExT | 3
C EXT| 6 F EXT| 6 — —

Puc.I1.5.11.Cxema nepexntouenus: Tunos J{ITP

[Iporpamma TECTUPOBAHMS MPOXOIUT TOJHBIN CHEKTP aJpPeCcOB U MPOBEPSET, YTOOBI
HOMEP TIOCJICTHETO ajpeca COBMaaall CO CUATAHHBIMU JTaHHBIMU. TakuM 00pa3om
OCYIIECTBJISIETCS TMPOBEPKAa KOPOTKUX 3aMBbIKAHWH W HEMPOIai aJpeCHBIX JIMHHM.
Crnenyer OTMETUTh, YTO IIPOBEpKa MPOUCXOIUT B JBa dTala. Ha IMEPBOM 3Tarle Mpo-
Bepsirotes aapeca or 0000hgo 7FFFhe mamstu BBoa/BbIBOIa, 3aTEM MIPOBEPSIOTCS
anpeca ot 8000hxo FFFFhmamsiti manubix. [IpoBepka OCyIIECTBISETCS TaK IMOTO-
My, 4TO TPOCTPAHCTBO BBOJIa/BBIBOJIA U MAMSTh JAaHHBIX CYIIECTBYIOT HE BO BCEM

AUaria3oHe, 1 TaKOC p336I/IeHI/Ie, B TaHHOM CJIy4ac, OKa3bIBACTCA CAMbIM ITPOCTBIM.
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® +33V | 01MK () +33V
Vce | — Vce
Qo0 DO
Q1 D1
Q2 D2
Q3 D3
Q4 D4
N74LVC374A N74LVC374A
S C3 Q5 D5 S C3 Q
Q6 D6
Q7 D7
RD# CLK

||‘
3|0
24

® +33V | 01MK ) +33V
Vce | — Vce
Qo DO
Q1 D1
Q2 D2
Q3 D3
SN74LVC374A Q4 D4 sN74LVC374A
Q5 D5 c3 Q
Q6 D6
Q7 D7
RD# CLK

D6
D7
1 oLk CLk
OE OE
GND GND
IRIW

Puc.I1.5.12.Cxema npoBepku BHEUTHEH IIUHBI afpeca

TectupoBanue ypoBHEW CTaOMIIBHBIX CUTHAJIOB HEOOXOJMMO JIJIsl MPOBEPKU BCEX CO-
eIMHEHUH, OTCYTCTBUE KOTOPBHIX MOXKET HE BBISIBIISIETCS B COCTaBe MpeoOpazoBaTes,
OJIHAKO MPUBOJUT K BOSHUKHOBEHHUIO TPYJHO BBISBIISIEMBIX U TPYAHO JOKAIU3YEMBIX

cOoEB.

Hampumep, mycTs okaxkeTcs, 4To B Iu1aTe KOHTposuiepa He nponasH curHan AGND
(anayoroBasi 3eMJisl) Y OJIHOTO M3 KaHAJIOB, HA KOTOPBIA 3aBOJUTCS CUTHAJ JaT4MKa
¢dazHoro Toka. [lonBoa Kk pa3beMaM aHAJIOTOBBIX BXOJIOB KOHTPOJIJIEpA OT JAaTUYUKOB
OCYUIECTBIISIETCS] BUTOU Mmapoii. Eciin coeIMHEeHne C aHaJIoroBOM 3€MJIEH MPOIAIACT,
TO MOJIy4AeTCsl CUTyalus, KOrja CUTHAJI IPUXOIUT OT JAaTYMKa MO OTAEIbHOMY MpPO-

BOJY, a 3eMJIs MOMAJAAeT Ha KOHTpoJIIep uepe3 nutanue aaruuka. Ha puc.J1.5.13mo-
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Ka3aH KOHTYp (ZaTYMK — UCTOYHUK MHUTAHUS — KOHTPOJUIEP), MOTYyYAIOIIUNCS B X0/
TAaKOTO COEIMHEHUS. XOpOIlIO BUIHO, YTO TAKOE COENNHEHUE OYIET JIOBUTH IJIEKTPO-
MarHUTHYIO [IOMEXY U BbI3bIBaTh JIOXKHbBIE CpaOaThIBaHUsI TOKOOTPAHUYEHUS U MaK-

CUMaJIbHO-TOKOBOMU 3aIUTEIL.

MCTOYHUK NUTaHms KoHTponnep
AHanoroBsoe
+15 B% nnTaHue
KOHTponsepa

+15 B%

Touyka obpbiBa

- J Axanorosbiii

BXO[,

/(t)/,’ /.

JaTtuunk Toka

Puc.I1.5.13.Cxema KOHTypa 3eMJIU MPU OTCYTCTBHH KOHTAKTa B pa3beMe

AHaJIOIroBOIo BXoaa

JUi mpoBEepKU CTAOMIIbHBIE CUTHAJIBI NMPUBS3BIBAIOTCS K MPOTUBOMNOIOKHOMY JIOTH-
YECKOMY YPOBHIO M 3aBOJSTCS B NOPT BBOJA Kak roka3aHo Ha puc.l1.5.14. Jlna tec-
tupoBanus HanpspkeHus —Vref (—3,3BonbTa) nprMeHsieTcss HHBEPTUPYOMIas cXxeMa

Ha OIICPpAallMOHHOM YCHUIIUTECIIC.

Jlyist TeCTUpOBAaHUS aHAJIOTOBBIX BXOJOB KOHTpPOJUIEpa ObUTH BBIOPAHBI MHUKPOCXEMBI
b po-aHaIOroBeix mpeodpasosatenerr ¢upmel Analog Devices: AD7247Awu
AD420.

AD7247A —cnBoennsiii LIAIT nanpspkenus [10]. meeT aBa BRIXOAHBIX KaHaja, Oy-
(bepupOBaHHBIX BCTPOSCHHBIMHU OICPAIMOHHBIMH YCHIIMTEIIMU. JIFOOOH W3 KaHaJIOB
MOKET OBITh CKOH(PUTYPHPOBAH JIJIsl CO3JIAaHUS OHOTIOSPHOTO WIIH PAa3HOIIOISPHOTO

HaIpsKCHUS. Pexum pa6OTLI onpeaciIsICTCA BHCIMHUMHU COCAMHCHUAMMU.
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o t3.3V

N ﬁ Vec

< < <
+3.3V(D) ) i DO Qo
GND(D) ) ® D1 Q
+5V(D) ) D2 Q2
GND(D)1 ) D3 Q3
GND(D)2 ) D4 Q4
B 2 a
+9. i
+3.3V(REF) ) D7 SN74LVC374A 7

GND
_L_
Puc.I1.5.14.Cxema TecTUpOBaHUs ypOBHEH CTaOMIBHBIX cUTHAIOB ((pparMeHT)

[HAIl umeer mapauienbHbId MHTEpQENC, HO €ro XapakTePUCTUKU HE JOMYCKAIOT
npsMoe coenuHenne ¢ muHou maHHbiX | MS320LF2407A mostoMy OBUTO TIPUHSITO
pewenue o noacoenunennu L{AII yepe3 napamienbHblid OPT, C HOMOIIBIO KOTOPOTO
MOKHO CO3/1aTh HEOOXOJMMBIC BPEMEHHBIC AMArpaMMBbI Il UHTeP(EUCHBIX CUTHA-

JOB.

Onun kanan L[AIl xondurypupyercss Ha peBepCUBHBIN curHaid 5 BoabsT, BTOpOii
kaHan Ha oxHonoJisspHbIM curHasn O + 10 Bombt. IlepBriii kanan mpeoOpasyeTcst Ha
BHEIIIHEM OMEPAIMOHHOM ycuiutene B curiain +10 BonbT A npoBepku peBepcHB-
HBIX BXOJIOB 3TOTO auanasoHa. [[ns rectupoBanust BxonoB ¢popmarta 0 + SBounbt uc-
MOJIb3YETCA BTOPOW KaHAJI HA MOJIOBUHE CBOETO JWANAa30Ha, MPU 3TOM €ro TOYHOCTH
OCTaeTcs JOCTAaTOYHO JJIA aTTECTAMU AHAJIOTOBBIX BXOAOB IUIATHI. llepeximoueHue

CUTHAJIOB MCK/Y BXOJaMH IIJIaTbl KOHTPOJIJICPA OCYHICCTBICTCA C TIOMOIIBIO PCIIC.

JIns ynpaBiieHHs EPEKIIOYAOIIMME PEJIE UCIIOB3YETCs MMAPAIIIENBHBIN ITOPT BBIBO-

na u ycunurenn DS2003 cxema ananoruyna puc.J1.5.11.
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+15V
¢ +3.3V 0.1mK
q
Vce — vdd
REFOUT
DO Qo0 /42 DB0-11 REFIN 3
g; 8; Rofsa
GND Rofsb
D3 Q3 —E __l—_
D4 Q4 — AD7247A —
D5 Q5
D6 Q6 WR
D7 Q7
CSA Vouta
SN74LVC374A TSB Voutb VDAC2
CLK Vss K16
I
-15V N |/0- VDAC1
‘OE
7 4
GND 8
¢ +3.3V 0.1mK é
[
Vcec — =
DO Qo0
D1 Q1
D2 Q2 axamnep
D3 Q3 JP17 Ha
gg 82 K17 MK11.3
Do Q6 | 1 A1_10V
D7 Q7 ® 2 | COMMON
SN74LVC374A K‘ 3 |A1 5V
/CS9 :
ﬁ Nﬁ CLK Axamnep
JP18 Ha
K18 MK11.3
| 1| A3_10v
o l/c 2 | COMMON
3 | A3_5V
GND

Puc.I1.5.15.Cxema noakirodyeHus HanpsokeHueckoro ITATT

JIJis ipoBepKU TOKOBBIX BX0J10B mcrmonb3yercs: [TAIT AD420 [9], 16pa3psanbiid, ¢
nocieaoBareabHpIM HHTepdeticom tuma Motorola SPIIIAIT moxeT QyHKIHOHUPO-
BaTh BO BCEX OCHOBHBIX JIMAIMa30HAX TOKOBBIX CHUTHAJIOB, HO B JITAHHOM CITydae JI0CTa-
touno auana3oHa 0 + 20MA, tak kak TouHOCTH LIAIl XBaTHT B TAKOM BKJIIOUCHHU H

115 attectannu auanazona 0 + SMA. Cxema noakiroueHus mokazaHa Ha puc.I1.5.16.
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/CS3 )
SPICLK )
SPITX )

-

NC

Vi

FAULT DETECT
RANGE SELECT 2
RANGE SELECT 1
CLEAR

LATCH

CLOCK

DATAIN

DATA OUT

GND

NC

NC 0.1mkd —
Vce ®

NG [ |
CAPZ |—

CAP1
BOOST

lout { IDAC

Vout
OFFSET TRIM

REF IN
REF OUT :|

NC

0.01MK®D [0.01MKD 0.1mMk®

Puc.J1.5.16.Cxema nogximroueHus: TokoBoro LAIT

HCpCKHIO‘{CHI/IC BBIXOJa HAH 10 TOKOBBIM BXOAaM KOHTPOJIJIECpA TAKXKE OCYIICCTB-

asietcst ¢ momotisio pene. LIAIl uMeer BCTpoeHHYIO 3alIUTy OT OOpbIBa Harpy3Ku U

IMMO3BOJICT OCYHICCTBIIATH OINICPATUBHOC IICPCKIIOYCHNEC BO BPCMA TCCTUPOBAHUS.
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Ilpuiio:xkenne 6. Pe3ybTaThbl 3KCIIEPUMEHTAJbHBIX HCCJIET0BAHUM

NpUBOJA

Ckopoctb 500006/MuH

Hanpspxenue Bxomaa 193B
Tok Bxoma 137 A
Harnpsoxenue aBurarens
228B

Tox nBuraremnsa 36,5
AlkneTky

Tok npoccens 75
AlkneTky

400MK CeKyHI/KIETKY

1 —Toxk apoccens

2 —Tox (a3zbr
3 —Curnan JAI1P
Ckopoctb 4000006/MuH

Hanpspxenue Bxomaa 196 B
Tok Bxoma 108A
Hanpsxkenue nsurarens
184B

Tox nBurarensa 36,5
AlkneTky

Tox apoccenst 75
Alxnerky

400 MK CeKyHI/KIIETKY

1 —Toxk apoccens
2 —Tox (a3zbr
3 —Curnan JI1P




