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1.0 INTRODUCTION

The preducts deecribed in thig instrection manual are manutactured
and distibuled by Relianaes® Elactric Industial Company.

Note: This irstruction manual asaumes the following regerding user
kncwledge:

1. The ugee has complete famaliarty with the MaxPak Il drive, and
has read he appilicsble documentation provided with the drive,

2. The user has complate farmillarity with the AutoMesx DGS aystem,
and has read the applicable documentation provickad with the

system.

The High Spaed Link (HSL) module is 8 point-to-point real teme controt
InputOutput {10} chamnel (or cammunicatians link) that provides
communicaticn bahwesty the MaxPak (| Digyital O-C Drive [MeaxPak [I1]
and the AutoMax Distibuted Control System (DES) Industied
Cortrolles. Ses Fgure 1-1.
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Figure 1-1 - MaxPak [ High Speed Link System

Tha HEL modulke can be used in applications whare the Autoblas
aystern closes an auter equkation fcop and then passes information to
an Iinner kxop on the MaxPak | drive fsea section 4.5 of this manual
fer program examples). Bence, the MaxPFak [l High Spead Link
gystern provides a standard hardware comfiguration for a vexlety of
appiications.
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HEL Moduke

Tia HEL module is designed ko fit into the AutoMax Mulfbus rack. lis

dual port mamary (see Section 2.2.1) passes status, sequencing, and

Eulahﬂﬂ inormation aleng the link via an AS-232 medium at 41.6
L.

Statug, sequencing, and regulation informetion sre passed along the
Ik fraam the H3L module's dual port memony mep isee section 4.2 of
this manuel] using & customized messags prolocol. This iz a
master-slave communication with the HSL moduls belng the mastar
and the MaxPak JI| drive being tha slave except far on-lne update
messages. The HSL medule initiates the transmil messages tor the
three basle eommands for 2 meszage to be sent to the MaxPak: 1l
drive. These thirea basic commands are:

& Configuration requisst
* Change mode request. go to ohdine or ao to ofiine
+ Lipdate request ofiHine updeke or on-line update

Thase eommands are to be issued by the user or the conflguration
program wiiting the appropriste value 1o command registay (Begister
a0}, {See sacton 2.2.1.2 of this manual for further details.)

The configuration registars (40 thew 45, and 70 thiu 1) are to be
wiillen by the user or the applicatlon program prior o issuing the
configuration request 1o Register 20. These registers determine the
slze of the messages tosfrom the MaxPak [, the updats measage ecan
time and the update message timeout (Seo section 4.4 of this manual
tfor the minimum HSL module and MaxPak il dive configuration. )

MaxPak 11

Vartahlas to ba zent tofreceived from tha BaxPak |1 drive are assigned
dual port aderesses on the HEL module and are assigned using the
IODEF statemnent {Referancs Instruction Manual J-3675 for structuring
IODEF statements) in an Autobax Configuration Task, Moretwver, the
vatiables o be uzed in the AuloMax Configuration Task mual ezt in
the MeaxPak Il drive’s condiguration. {Reference section 4.5 of this
manual for program exames. )

Thers are a total of 512 knteger registerz (HSL_ OUT INT_* and

HEL IN_INT_*); 256 for sach type that ¢an be communicated between
the AutoMax controller and the MaxPak 1l drive. Simary, thers are &
tolal of 512 boolean registars (HSL QOUT BOOL ~ and

HEL IN_BDOL *}; 256 for each type. However, the murmber and type
of variables are completely configurable by the user via the HSL
madule configuration registers. Mot that 1he constraints on thea
nurmbear of variebles are limiled according o the pumber of varablas In
the MaxPak Ul drive's corfiguration.

The MaxFak [l drive trarsmits acknowledge messages to the HSL
frcciute for the three basic comimande described praviousty, The

acknow(edge message formats comespand fo e three hasic
cammanchs.



1.1

1.2

1.3

Additional Information

You must become famitiar with the instection manuads which descrbea
your gystem configuration, This may include, but is net lmited 1o, the
following:

& J-3548 DCS S0AuioMex Comfiguration Task Instruction
harvual

# J-3630 AuiolMax Programiming Execltive Instroction Manual

& |-3675 AuloMex Enhanced Basic Languane Instructon Manus
* 3676 AuoMax Cortrol Blesk Language Instruction Manosl

* J-3BTT  AutoMax Ladder Logic Language Instucton Manual

& 023203 MaxPak Il Drive Version & Instruction Manuat

Related Hardware and Software

MaxPak Il Digital D-C Drive

MaccPak I Dightal B-C Drrive Version 8. 18 or Higher Operating
Softeare

» FS-232 Serigl Cable
® HSL Modube {M/N 57C424)
» AutoMax DCS

Thie HEL Module must usa tha MaxPak I Digital D-C Drive Version
B.1A or higher software for proper pperation. If the dive was shipped
from the faciory whhoul a custom ordered ar Engineering Sales
ardered configuration, the Verslon 614 software should conlaln a
default HEL assignment register map in the MaxPak 1l drive's
configuration file (sea Appendix A).

i is recommended 1o upload the conflguration file and sawve to disk
ot reference prior to making changes 1o the existing configuration
e, f overwritten, the existing configuration file will be lost

Conventions

& B 1% ks the most significant bit i a word. This applies to both the
HEL Module and tha MaxPak Il drive references to bit positions in
this documant.

& YWhile the MaxFak Il drive is Ctflire (S5 DNLIMED ~ OFF), the
uzer has access to all drive inpat variabées with acoess levals of 0
thmough S which are defined in the HSL miap. Outpa variables are
always acoessible.

& Whila the MaxPak |1 drive iz Ondine (3Y3_ONLINER = 0N}, the
uzer hae acoeas to dive input variables with access levels of O
through 2 which ars defined in the H3L map

& One (1) bek s squivalent fo 0.5 ms for the AutoMax DCS message
soan pariad. Nets that thie product employs varable fiok rates at
0.5 mztek.

The reimainder of this manual descvibes the funellors and
specificefions of e moduie. [t also neludes a detalled overview of
installation and troubleshooting procedures, as well as examples of
eonfigurstan,



2.0

2.1

MECHANICAL/FUNCTIONAL
DESCRIPTION

The following sections describa the mechanical and functional
characteristics of the HSL moduls.

Mechanical Description

Ther HSL module iz an efectrenic module {printed circuit assembily)
that plugs int the AuioMax DCS rack, This printed circuit assambly
has an R5-232 port for communicating with the MaxPak 1] Digleal D-C
Dirive.

The facepiate of the module contalns a 7-sagimett LED, a green LED,
two thumbwhes switches, and one alectlcal cotnector. Sea Figurs
21,
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Figure 21 - H3L Moduie Faceplats
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2.2

2.2.1

The 7-2egment LED |5 labaled “FAULT COGE", This T-segrment LED =
uzed to displsy card stetus, Refer to Appendixz 8 for the F-segrment
LED Display Crodes.

A grasn LED, labeled "OK", is used o indicate whather the H5L
medule 15 functoning prooety.

Twa thurnbwheal switches (labaled 137" and "2M0") are present bud
are Uzed only for factory burn=In testing.

One electrical connector abeled "GATEWAY" & used for transimiting
and receiving date tofrom & MaxPax |11 Cigital 0-C Criva.

Thila medube 12 slzo equipped with card ejectors to altow essy remaval
froem e Aaodlax DOS rack. Hold dowwn scress are pravided o
secure the module in the rack.

The printed circult board assembly bas & ugged plastic kousing 1o
protect bath the ceenpanent and foll sldes. The rear edga cannector s
shtoudad by an ehclosure o further protect dhe card from handimg
darnags.

Functional Description

The remainder of this chapter cowars the following oplcs:
E¥CA24 HEL Card Dual Port Register Map

MazFak [Il High Speed Link [H5L) Variablas
Sequance of Events

Messages

Timeout

Tach Less and Overspeed

Data Imtegrity

" & & & & & @

57424 H5L Card Dual Port Register Map

The 572424 HSL Card Dual Port Register Map consists of Control
Reqisters, {Configuwwation Registers and CommunicalionStatus
Renisters) amd Dats Aegisters (Aecsive and Transmit). The following
oudlines the ReadMvrie (AAY) function of the reglstors. An explanation
of each regizter follows in the succseding paragraphs. -

Note: Mot all the redislers shown i the dual port register mag are
cortiguous (Registers not specified in dhis map are not
apcessible, Any access aftempis will result in a bus error)



Limits on Autabdax DES

Processor Gand
R = Raad W =" rta

Seral Link E‘mi:_ﬂ_g:_

REGISTER 12! Devics Number |, ., ., ., .. ... ........ (A}
REGISTER 13;  Keyswitch Stte ..., . o oL .. {A}
REGISTEHR 14:  Messapes Recetwad ... ..., ... ..... {A]
HEGISTER 15 HReceive Thmeouts ... ................ {A]
AEGISTER 16; ChechsumErmors ... ... ... ..., ., {A)
REGISTER 17. CQverrunEmors . ... ................ {A)
REGISTER1B: Framing Emors ... ..........._..... {A)
REGISTER 1% Maszades Transmitted .. ... ... ... ... {H)
REGIZTER 20t  Parlty Errews ., ., ... .. .. ... .... {A)
Link Status
REGISTER 4  LinkActive ....... .. ... .. ... ........ {A)
REGISTER 26: Coammunications Emor Flags ... .. ... .. {A)
REGISTER 271 Conflguration Eror Flage ... ... .. .. {A)
REGISTER 28 MaxFak Il Stefues Byte ... .. .. ... .. =)
REGISTER 29: Tranemit Actve . ., ., ..., ., . R
Commands
BEGISTER G  Status & Contol Register 0 ., ., ... .. .. [R'W]
BEGISTER 30;  COMMANDSTATUS CHANGE ... ... .. (A/'W)
REGISTER 31: Communication ERRDRAresst .. ........ (R
MaxPak [l Yariable Map Data
REGISTER 40:  Total input On-Lne inrteger Aegisters .. .. (R}
REGISTER 41  Total input Cff-Line integar Fegisters ., .. {R)
REGISTER 42:  Total input On-Line boolean blks .. ... . _, {Ay
REGIETER 43 Total input Off-Une boolean bits ... ... .. {A)
REGISTER 44:  Tital outpad integer Aegisiers ... ... .. .. {R)
REGISTER 45 Total oulput Baalsar bite ., ... .. ..... .. {A)
Lirtk Device Data
REGISTERG: FalalSror# ... ... ............... iR
REGIZTER 62 HSL Comm Card ASCH D 'HE ... ... .. R
REGISTER 63 HSL Comm Card ASCHID L . ... ... {3
REGISTER 64:  MaxPak Il Version Number ... ... ... .. {A)
Data to MaxPak (Il Configuration
REGISTER 7x  Mumker of integer registers in

fransmit to the MaxPak I ... ..., .. .. ... ([RAW
REGISTER 71:  Number of boolean bl to

fransmit to the MaxPak Il ... ..., .. ... - [RAY)

2-3



Data from MaxPak 11l Configuration

REGRISTER 75 Number of integer registers 1o
receive frorm MaxPak 0 L, .. .. ... ..
BEGISTER M6  Number of boolean blits to receive
fromMasPak Nl .., .. ... ... ... ..,

Link configuration

REGISTEHR 80;  Maxium recelve TIMEQUT fmses) .. ...
REGISTER 81  Speed Yoop frme pericd
fteks: 1 = DSmaea) ... .. ... L.

Input inleger registers {from MaxPak 1] drive)

REGISTER 100: Data Receive Integer ReglstarQ |, .,
REGISTER 101: Data Recefva Integer Reglstar 1,
REGIZTER 102 Data Recetms Integer Register 2 ... ., .

REGISTEA 354; Dats Beceive teger Register 254
REGISTEA 355, Data Receive Intoger Fegistar 255

Input beoleans (from MaxFak HI drive)

REGISTER 400; Data Receive Packed

boclean register#0 .. .. ... ...,
REGISTER 401: Dale Receive Packed

bschean register#1 L oLl

REGISTER 415: Data Recetra Packed
boolean register #5 .. ... ..,

Cnitput registers [to MaxPak 11 drive)

REGIZTER 11(H): Data Tranemit integer Register 0 ... .. ;
REGISTER 11901; Data Transmit Intedar Ragister1 . . :
REGISTER 11602: Biats Transmit Integer Ragister 2, |,

- L
REGISTER 1254 Data Transmit integer Redister 258
REGIZTER 1355 Data Transmit Integer Register 255 .. .,

Cutput booleans {to MaxPak 111 drive}
REGISTER 1400 Data Transmit Packed

boolean registers0 ... ... ... .. ..
REGISTER 1401: Data Transmit Packed
booleen register#1 .. ... ..........
] L]
REGISTER 1415:Data Tranemit Facked
bioolean register#15 . .. ... .. ...

L

.- (R}
TR o 1]

(R
(FE)

. ()
. {R)

. (R

(RANT}
(RW)

- (R
.. IR

- (R
- {RAW)

. (R
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22.1.1.1

24112

Data Registers

The data tegistars are divided inte two parts. Receive Data Reglstars -
from the MasPak I ditva to the HEL module and Traremit Dats
Registere - from the HSL meedule 1 the MaxPek I drive. The registers
from 100 to 1415 are agsigned for the data registers,

Recehwe Data Registers

REGISTERS 100-101 - Thase are the “high pricrnty” Intsger deta
mecene registers 0-1. The HSL module wil generate a Mulibuzs
Irterriaet (F 20 enabled) immediately upon recsipt and validation af
these rafjislers. Thase registers are guarantesd to be sent by the
MaxPak [l dibva svary L2 SCAN_PERIOD%. Thay are the first
registers ransmittsd In sech megsage and the first registers received.
The rest of the recehwad rmassage will gtill be in fransit whan theze
registers are updated (see secticns 2.2.4.1.2, and 4.1 for details),
Immediately following the update, the HSE module assonts the
mudtiues interrupt, if enabled. {Sse APPENDIX C for datails on
Multibugz imermupt enable and disabls} Then the application wolkd
hermally reed Registers 100 and 101. In this way, he application mey
be synchronized to the MayvPak [IF drive.

REGISTERS 102 bo 355 - These are the remaining dals registers that
may be used ko recsive mizcellanegus infeger data from the MaxPak I
drive (receive registers 2 through 255), Registers 102 1o 355 ara not

guaramtesd to be recefved avary L2 SCAN_PERICD %, Depanding on

the number of registers being sent, [t may take several scans © sand
all the dat

REGISTER 400 - Data Aecelve Boclean bits, register #0. Thiz register
iz guaranteed o be sent every L2 SCAM PERIDDRS, but Is not kigh
pricrity [i.e. i does not generate o Multbus Interrupt), Thus, it 1s normal
recede dala that must be verified separately and its value may take
longer 1o apgadt in thi= register after being recelved than the high
priotity data. If less than 15 bits are o ke sentto the HEL module
{REGISTER 7a), only those bitz moussted will be updatad.

REGISTERS 401 to 415 - These Boolean bit registers are for
misceflanenus boolean data from the MaxPak i drive. They are not
guarantaed to be received every L2_SCAN PERIOD% . Bepending on
the number of registers being sent, it may take soveral

L2 SCAN PERIOD: o send all the data. i the number of boolean
bitz 10 be recebvad by the HSL module is < 16 {REGISTER TE), these
recisters are not updated.

Transmft Dala Reglsters

REGISTER 1100 RHigh priority transmit register. The eontents of this
register are writlen 10 the sssocisted MaxPek Il vaniable immediately
upon receipt and validation, withaut waiting for receipt of the
remeainder of the updata meseage, The AutoMax DTS Proceseor vill
typically wite the current minor loop reference (o some other high
priarity daturm) ta ba pas=ad to fhe MaxPak I drive in this register.
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2.2.1.2

22.1.2.1

REGISTERS 1101 12 1355 - Thaze are the remaining data ragisters
thal may be usad to transmit miscellansous data to MaxPak [ HSL
imteger Input reglsters 1 through 256, The time to sand all ihese
registers will vary dependitg on tha total number of regesters to be
sent and the megszage scan petod (licks) (see Register 1 Ih Saction
2.2.1.2.2). Several ragisters are sent each message.

REGISTER 1400 - The data in this register iz dafined o be booleans,
o bit flags, o be seliresst by the application as it wishes, These 16
boolean bits will be sent t the MaoPak Il every Una the AdoMex DTS
application program issues a tranamit request. Examplas ol wse
nclude SEQ_DANVE_ENE, SEQ JOGE, SEQ_RUNG,
SEQ_STOP_ILIME:, eto.

REGISTER 1401 e 1415 - These are the remalning registers that will
be used to fransmit miseallanscus boolean data 1o the MeaxPak 1
drive. If the number of baalean bits to send |s < 16 {RESISTER 71),
these registers will not ba usad. The time to send these registors wil
vary depending on the otal humbes of registers (16 booleans/regietar]
to be sent and the # of ticks [h the spoed Yoop task (REGISTER 81).

Control Reglsters

Tt Canital Registars are generally divided ilo twe parts, One is the
communleation stats ralaied comrol registers {Pegisters O thru 31).
The other & the conliguration related registers [Reqlstars 40 iy 45
and 70 thru 81).

Communication/Status Registera

REGISTER © - {Interupt Status & Control REGISTER 0. This register
is used 1o suppont AutoMax DCS herdware: for Mulibua Interrupt,

Thils register ks spacified in an IDDEF stalement {s2e the Reliance
AutoMax Basic Programming Aeference, /M #J-3600-1, lora
description of the IGDEF staterment). The name assigned in the IODEF
iz usad in defining A harchware event on e AutoMax DCS processor
card. This feafure iz used to synchronize the AutoMax DCS processor
card with Teadback being sent by the MaPak Il driva {ie. Speed
Feadback}. See APPENDIX C for REGISTER 0 layout

{Note: An AuioMax DCS 57 C430A proceseor {not DS S000) or ktar
pracessor must be used if intemupt capakility is desired )

REGISTER 4 - (Link artiva) Bit O is set (1) if the HSL madule is
receiving messages and a valid configuration has been acknowledged
by the MaxPak (1. Bit @ Iz ressat (D) if the HSL module ks not receiving
tnassages. Ao, o 'C will appear on the 7 segrent lec i the HSL
rodule is NOT receiving messsges,

REGISTER 12 - (Keyswitch state) Value repressnting the state of the
kayswitch on the AutoMax processor boatd. 0, = &4: GARD IN
ELAN-IN OVEN, 1:NDAMAL (MEMORY PROTETT], 2; SETUP 3
PROGRAMN, Program made is manitored constantly and will reflect a
kayawitch change anytime,

REGS 14-20 - Counters for cornmunicafion stetistiics. Thess valueas
are updated when sppropelate by the HSL module.



REGISTER 26 - Thiz register latches the five types of commumication
erors that can orour. Note: The five ermrs detined for Register 26 e
flest fauft srors. In other words, when any one of the ama ocour it g
latched and s respectva bl 1a 2et m Register 26 (along with blL 15].
Mo further emors can be latched untd this eror ie cleared (See Bagistar
31}. Thiz allows the user 1o determine which arrar occurred firet

BIT 0 (Recetve TIMEQUT Errar) - Bit 0 is set if the AutoMax DCS
does not recela a message within the imeowut period specified by
REGISTER 80. When set. It will ramain set urtil the Autobtax DCS
appication issues an error reset, REGISTER 31, (See section
2.2.1.1 tor detaids). If the link s not active {Register 4 = (), an emror
resat will have o effect Also, If Peglsler 25 8 hen-zerg, no
messages will be fmnsmitted o the MaxPak 1l drive,

BIT 1 [Transmit Command OWVERLAFP Error) - 81 |5 a8t if the
AutoMax Procasaor wriles a value to REGIZTER 30 (e taresmit
message oomitand) before the fransmiszion of the previous
messane is complate. Whan set, it will remain est until the
AutoMex DTS application sues an edror resst, REGISTER 11
{See section 2.2.1.1 for details).

BIT 2 (Racaive OVERLAFP Emor) — Bit 2 is sat if the HSL mocule
recehes mora than 2 naw messages before it s finlshed
processing the last recehed massage. When set, i will rermain sat
il the AutoMax DS application issues an emmor reset,
HEGISTER 21 {See saction 2.2.1.1 for detaifs).

BIT 3 {Mas=age Not Received Error) - Blt 3 |2 a8t if a configure, &
slabiis change (Of-Line to On-Line and vice-varsal or an Off-Line
Lipdate s sent 1o the MaxPak Il dive and no acknowhedgeament iz
received. When set, it will retmain ==t undl the AuoMax DCS
appiication issues an efror reset via AEGISTER 31, If ihe MaxPak |
drive ig not nning (SEC_ARM_ACTIVED = OFF) and the H3L
modude iz waiting on an sckmaviedge messane from the MaxPak
HI drive, a Urneaut will not set this eror latoh immedistaly. Tha HEL
moduie will send two reltkas of tha eame command messans. IF no
acknowledgement before the third message i received. tha
timealt latch wif be set,

BIT 4 {Irvalid Operation) - H3L modube atermpted an invalid
operation while the MsxPak 1 ermature was activa. Invalicd
operations Inciucks:

a] attempiing to =end a go ofi-kne commamd

bl atlengting to send a configure eammand

When zet, it will remain st undll the AutoMax DOS epplication
lssles an errmr reset, REGISTER 31.

BIT 1% {Global Cofmmunlcation Ermor) - This bitis aet when ary of
the other Regester 26 bits are 2al. (The logical 'OR’ of Register 26
bits D 1o 14.)

REGISTER 27 - Configurstion eror flags. Theea flags will reflect the
aynamic stale of corfiguration status. Below s a list of emors that
eould ocour and e hite that conespond ta them:

Bl -~ Mumber of On-Line imeger registers to be received from the
MaxiFak |} drva ig out of renga of the MaxPak il drive's defined
inteqer map (e REGISTER 75 iz too big).
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B1 = Number of On-Line boolean bils to ba received from the
MexPak Il is out of range of the MaxPak il defvea defined
Boaleans mep {i.e. REGISTER 78 is foo big).

B2 = MaxPak ||l drve and HSL module sathvara ravisions are
incormpatible.
B2 = Number of On-line integar redisters to be sent to the

MaxPal ll ks out of range of the MaxPak |l drive"s defined inteqer
register map fi.e. BEGISTER 70 is too big).

B4 = Nurmber of On-Line boolean registers 1o be sent 1o tha
MaPadi |1l s out of mnge of the MaxPak (Il drive's defined
botdeans map (l.e. REGISTER 71 is too big).

BS = One or more configuralion registers (70 10 81) 12 out of
rengle from fhe defautt limits (see register descriptiona for default
lirmike), -

Bf - B14 = Curenily not definad

B15 = Global Configurstion Ermor bit. Thiz bit iz eet if any of f1e
other Register 27 bite are get. (The logweal 'OR' of Register 27 bie
0-14)

When B15 iz set, no messages will be sent from the HSL moduls 1o
the MaxPak Il drive. Once the user cormsets hig configuration errar,
this blt wif ba resst and message fransmizsicn may commence. It s
up 1o the apphcation to control the message sedquence to restart the
[mk. The HSL module will net medify vaues in REGISTERS 70 - 21 a0
that the user may see which REGIETER i in emor.

REGISTER 28 - (MaxPak |1l Status Byte) This register is used o store
tocieans desoriting tha currant state of the MaxPak 11l drive, All
megsages received from e MaxPak 1| drive includs this dsts
autormatically, Defined bits ara as followes:

BT « Stat of SEQ_ARM_ACTIVER
B4 = Stals of §¥S SHUTDOWNE
B5 = State of SYS_INT_FAL@

Node: |f bt 5 or bit € of Aegister 23 |2 non-zano, the drive |z off-line.

REGIZTER 29 - {Traresmit active) When kit 0 of thls ragister is setto

1, the HEL module is sending data o the MaxPak 11 drive. Thiz register
mey be ested before 3 TRANSMIT COMMAND is given (via
REGISTER 30) in order io prevent tanemit OVERLAP ertors.

Mote: There is a maxlmum 500 uSec processing delay in recagnizing
the command in Reglstar 30. Thersfore, the transimil actve flag
goes frue after a maximum of 500 uSec with respect 1o the
comenand in Register 3.

REGISTER 20 - {COMMAND/STATUS CHANGE) Thiz reqister is used
for several plaposes aullined below. Commarnds are Issued by the
user {or application task} writing the approperlate valus to this registar
as follows:

2= G Off-liae

3= Go On-ine

4 = Recarfigure

128 = Update Request (send message)



Nota: Al write access to 1hla rogister must be 16 bita wide, For
eXnTple, this sagquence is comract:

IODEF CMD_REG*%[2LOT = 5 REGISTER =3

*

CMD _REG% =4
whereae, thiz iz not
IDGEF ARECONFIGURE@[SLO0T = 5,REGISTER = 30,BIT =5]

RECOMFIGURE® =0ON
Command 2 - This instructs the MexPak |1l drive to go offHine.

Command 3 - Thiz Inetructs the MaxPak |l drive fo go on-lins.

Command 4 - Thiz command la lzzued after the user makes a changs
to ey of the conguration BEGISTERS 70, 71, 75, 74, 80, or 81.
lssultg thls command after e change to these registers infarm the
MaxPak |1 of the change by sending it a message fo that efecl. NOTE:
This can only be done while the MaxPak [l 13 net ranning

{SEQ_ARM ACTIVEE = OFF),

Command 128 - Update request. When this command Is iseued and
no bits are 2=t in REGISTER 28, REGISTER 27 or REGISTER 22, the
HEL modide will Iransmit the integers In dual port starting with data
REGIZTEH 1100 and tha boolesns in dual port terting with data
REGIZTER 1400 Iminedistaly sfier starting the tansmit process, the
HSL madule will clear the eammend registes, but this does not mear
that the tranefer of data iz completa. For that information, monitar
TRANSMIT ACTIVE REGISTER 29 for & trup to falze ranaition,

When a command is detected, and no communlcation and/or
configuration emors are presert (AEGISTERS 55 AND 27 reapentively)
the H5L trechila immedistely clears the eommand reglster and cets
transmit acthie (REGISTER 29 Bit 0). After that, the message wil ba
sermt. This permits the HSL module to detect an overlap condition
which may oceur when franemit active |s 2ot and a new command Iz
igsed.

The cemmand register should be cheeked prior o withg & value o it
1o Insure thal po previous request ks pending. The command register
|5 checkad by performing & logical "AND" of ite contents with
Hexddaclrnal ODEE, K the result is non-zata, & new request shoulkd not
be written

REGISTER 31 - {(ERROR RESET COMMAND] A false-to-true fransition
will clear all communication emrors with the exception of a timeout. If
and only i, e link active bit is sat (REGISTER 4 bit 0], srmor rezet will
also chear the timeout eror. REGISTER 31 bit 0 must be hefd high for
al leest S0ma fo insure dhe reset 1s sean by the HSL moduls, Tha HSL
roduls will not wite to this bit Control of its value is glven sclely to
the AutoMeax processor card,
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Conffgiration Regishers

Configuration registers are used to tailor the HSL 10 the tsers napds.
Each registar controlz & epecific aspec! of the comimunicaton. Each
reqaster must be varifad to nsurs t: valoe iz acceptalie, Detault
values for reqisters 10, T1, 75, 76, 80, and 81 are infhalizad by the H3L
madule at powenup ar on 2 "Stop AT command. Soime variabdes can
be verified Iocadly, ofhers must be checked remotely.

Confguration is accomplished by writing the comrest valuas to
registers 70 - 21 and then wriing a 4 1o Aegister A0 {provided
Registers 26 and 29 read 0},

The HEL may be configurad when the MaxPak |1l drive jg onHme or
offlime. If the MaxPak it drive is an-iine, the amature mus ot ba
active (BEQ ARM ACTIVE® = CFF).

If the uger tries to configura the MaxPak |1 drive white on-line and the
armature s active, a conliguralion efror results and is shown in
REGISTER 27 bit4. & command 1o go olf-lline will akse cause this error,
2ee REGISTER 27 for nformation on the Configuration Erore Pegister.

Btk the MaxPak i driver and HEL module verfy the configuration
requeastad agalhet their cwn Itemel varables o decide whather the:
e configuration ke valld or net. i the eonfiguration selected on one
side conflicts with the configuration on the ofher side, a corfiguration
ermor reswdts and is shown in REGISTER 27. See REGISTER 27 for
information on the Configuration Emors Register

For Instance, if the wser wants 1o set the number of infeger registers to
trarmsmit o the MaxPak |1l dive, the user places the value in REGISTER
70 and checks the MaxPak |11 status 1o insure itis not ruhning (i.e.

SEQ_ARM_ACTNE®M = OFF see REGISTER 28). I it is. the user must
stop tha drive with an updets cammand before & configure iz allowed.

After chiecking the stalus again to insure the MaxPak HI drbes |8 hot
rurning, the user wolild then send the configure cormmand. If e
MaxPak lll drve determines if meve inteqers have been requestad than
are dalined it Its HSL modula registar map, a configuration emor
resulls and |5 shown In REGISTER Z7. Sea BEGISTER 27 for
mforrnation on the Configuratkon Ermore Ragistar

REGISTER a0 - (Tots) inpart on-line integer registers) This value
teqoresants the number of input Integers the MaxPak Il drive has
deflined in s HSL recylzter map which have an accege leved of 2 or
lass. Itis providid S0 the user may reard thia radistar and determins
the largest value permitied in REGISTER 70 that will guarantze a
successiul configura IF THE MaxPak Hl DRIVE 15 ON-LINE,

REGISTER 41 - [Total input off-line integer registers} This value
represerts the numizer of input imegers the MaxPak [l drive has
defined in te HSL regisler map which have an access level of 3 or
more, | iz provided so the user may read thiz register, add its value 1o
ihe value read in REGISTER 41 {on-line integers) and detenning e
largest value parmitied in REGLSTER 73 that will guarantes a
succassful configura IF THE MaxPak 11l DRIVE 15 OFF-LINE.



AEGISTER 42 - (Total input on-line bookean bits) This value
represertts he number of input boolean bits tha MaxPak 1l drive has
defined in its HSL register map which have an acoess level of 2 or
lezs. H iz provided eo the user may read thie register and determine
the largest value permitied in REGISTER 71 that will guarantse &
saceessiul configure IF THE MaxPak 1l DRIVE 15 ON-LINE.

REGISTER 42 - (Tota! input off-Fne boalean bits) This value
reprezerms the number of input boolean bils the MaxPak |1l drive has
dedined in s HSL register map which have an socess level of 3 ar
more, iz provided so the user may rean his register add its valoe 1o
tha value read in BEGISTER 42 (on-ine booksans) and determing the
largpeat valle permitted in REGISTER 71 that wik guarantee a
succaesid corfigure |F THE MaxPak 111 DRIVE 1S OFF-LINE.

REGISTER 44 - (Total output intexger registers) This value rapresents
the numbar of output Integers the MaxPak |1 drive has defivad in itz
HEL register map. i s provided so the user may read thiz reglster and
determine the largest value permitied in REGISTER 75 that wilt
gquargries a successfil configure. The value | this register is the
mradimum value alicwsd in REGISTER 75 regardbaes of the curment
state of the MaxFak |1l drive {on or off Bne).

REGISTER 45 - {Total cutput boclean bike) This vakue represents e
nurber of output booleans the MaxPak |l drive has defined in its HSL
register mep. i is provided so the user may rearl this register and
determine the largest valus permitted in REGISTER 76 that will
guarantee a successtul eanfigure, The value in tis ragister is the
i value sllowed In REGISTER 76 regardless of the cumant
state of the MaxPak |1 drive (on o off fina),

REGISTER &0 - (Fatal Etror # A Refiance Setvice register. Contoins
speciile fatal emor codes used in board diagnostics, repair, and
replacament

REGISTER 62 & 63 - {HSL Comm Card ASCI| ID *HSL *) Card Ascii
L.

REGISTER 64 - Contalns the software revisions of the HSL modise.
Thls data is seni o the MaxPak |1l drive when the link & established.
This vedllies that the soltware revizion of the MaxPak U1 drive and the
software ravision of the HSL module are compatible.

REGISTER 70 - {Number of integer registers fo ranamit o Hhe
MaxPak H drive). This register may be changed at any time, atthough
the charge wil not take affsct until 2 configure command |z issusd
with the drive stooped (SE0Q_ARM_ACTVE@ = OFF). The number
specifed in REGISTER 70 includes the high priority registar (Register
1100). For axample, i an application wanted to send BEGISTERS
1100 - 1108 then REGISTER 70 shoukd sonkain 10, If the range |3
exveeded, the value will remaln as the apgiicalion has confiourad |
(out of range), and REGISTER 27 bia 15 and Hit 3 or 5 will be 2et 1o 1
to indicate a configuration ermor

Note: Mo other messages with the exception of a eonfigure may be
sent when REGISTER 27 is non-zern,

DEFAULT VALLE = 2. MAX. RANGE = P o 254,
Note. The actual range Is limited by the MooPak 111 drive variable map.
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REGIESTER ¥1 - (Mumber of boolean bite to transmit to tha MaxPak 11|
dtive.} Tha uzer may chiange thiz register any time. The user must
insure SEQ)ARM _ACTIVE® is OFF and then send a configuns
command 1o e MaxPak 1| drive before chamnges 1 this register will
hawe any affact. K the range Is exceeded, the value will remain 2 the
application has configured it {out of rangs), no messages will be sent
t the MexFak I drive, and REGISTER 27 bike 15 and bit 4 or 5 will be
gat to 1 to indicate a configuration emor.

DEFALLT YALUE = 2. MAX, RANGE = 2 10 254,
Nole: The actual range iz limited by the MaxPak |1l drive varable map.

REGISTER 75 - {Number of Cre-Line integer registers to recalve from
the MaxPak 1M}, This register rmay be changed at any time, although
the changs will ot take effect untll & configure command |5 issued
with the drive slopped {SEQ_ARM ACTIVER: = OFF). Use
COMMAND REGISTER 20 to send cormands o tha MaxPak 1 drive.
The numbers speciled in REGISTER 75 Includes the twe high priority
regizters {100 and 101). For example, if an applicaticn wanted to
racete AEGISTERS 100 - 108, then AEGISTER 75 should corlain a
10 H the range is exceeded, the value will remain as the application
has cenfigured i {out of range}, ne messages will be sent 1o the
MaxPak 1l drive, and REGISTER 27 btz 15 and bit 0 or 5 will be sat i
1 1o Inclicale a configuration efror.

GEFALLT VALLIE = 2. RANGE = 7 1o 255,
Hete: The actual range is lImitad by the MaxPak |1l drive varkble map.

REGISTER 76 - {Number of On-Line bomean reglsters i recaive
from the WasPak | drive). Tha user muet inswe SEQ_ARM_ ACTIVE®
iz OFF and then gend a configure command to the MaxPak 1N drive
belore charges in this register will hava any effect. If the range iz
excoaded, the valoe wil remain as the applicstion has configured it
{out of range). ma messages will be sent o fhe MaxPak 1| drive, and
REGISTER 27 béta 15 end hit 1 or § will be ==t 13 1 to ndicate a
configuration ermor,

DEFALILT VALLIE = 2 MAX, AANGE = 2 to 256
Mote: The actusl mnge i imited by the MaxdPak | drive variable map.

REGISTER B0 - (Madmum recsive TIMEDUT value] Specifies the
rnesxdrmurn tires in milliseconds) from the last valid message that the
HSL madule will vait for a message fram tha MaxPak [l drive befoee 5
timeaut error will eceur, The user must Insure SEQARM ACTIVEE is
OFF and then sand a configure command to the Wax Pak Il drive
before changes In this register will have any effact. Use COMMAND
REGISTER 20 to send it If the valid rango is excesded, the vakus will
remain a8 was anglnally configured, no messages will be sent 1o tha
MeexPak il drive. and REGISTER 27 bits 15 and & wii be set 1o 1 1o
incticate & configuratkan efror.

DEFALLT VALUE = d8mzec, (2 % L2 SCAN FERIODH +
omsec)
RANGE = 10 1o 100 msec,



2,22

REGISTER 81 - {Mascage Scan petod) Specifies the tick intarssl
between update requasle (e.g. epeed Ioop ticks). Note: 1 dok -
f.5fna. The user must nsurs SEQARM ACTIVEM is false and then
send a ecnfigure command to the Mook 11l drive befors changes i
thiz register wilt have any affect i the mnge is exceeded, the vala will
ramain as the applcation has corfgured it (oul of rAnge), no
messages will e sert to the MaxPak Il drive, and REGISTER 27 hit 15
and possibdy bit & will be setto 1 to indicate a conliguraton amrar,

DEFAULT YALUE = 11.
RAMNGE = 11 to 188 ticks (5.5 msse to B9 meac),

MaxPak |II High Spesd Link (HSL) Variables

HSL TIMEOUT T%

Description:
Type:
Retentive:

Aocess Level:

YValue Range:
Scale;

Typical Value:

Commerts;

H3L_EHABLE®

Descriphion;

RAetemntve:

hooess Lensed:

Value Range:

Typacal Value:

Cormmenis;

HEL recefve message timeout time peviod In meea
[rigriit Varahle

Yas

E

10 to 250

1 = 1 millisecond

34 = {2 x AutohMax DCS Sean Perad) + 10
Maximum time between valid messages received by
the MaxPak [ drive from the 570424 (HSL module)
after g connection between them has boan
established, If thiz ime iz exceeded,

H5L TIMEOUT E& iz sat o ON, The fmeout
funclion cannol be dizablect whan tha MaxPalk 1
drive iz on-fine.

H5L commumnicallons ehanbel ensble gonfiguration
snitch.

irput Variable

Yee

4

N, OFF

QFF

KGN dunng 2 MaxFak 1l dive pewer-tp ar
QFF-LINE o ON-LINE transitan, the HSL
communications channed is installed a2 the controller
of the MaxPak ||l drive onboard sedal port (provided
BB _ENABLEE = OFF). When OFF tha HSL
communicationg chamnel is not installed.

213



HEL XMITD _MSGS%

Deseription:

Type:
Petertne:
e | pual:
Value Range:
Scale:

Typical Vakue:
Comaments:

Mumber of H3L maseanes transmitted by the
MaxPak I8 drive

OutpLt Variabka

Mo

1]

32768 o F27E7

WA

-32764 1o 32767

This varkable ts treated a2 an ungsigned number by the
MaxFak ||| drve. I therafore startz at zero {0, counts
to 32767, rollz over i -32768, and continues
countireg towards zera (0). Be pimany use is for
dRagnoshcs.

HSL RECVD MSGS%

Descrption;

Type:
Retantive:;
Access Leve;
Vakie Aanga:
Sraly
Typdcal Value:
Commnents:

Mumber of HEL mecsagas racaived by the

MzxFak |1 diive

Churiput Variable

Mo

]

-F27E3 12 327ET

WA

-3=F6R o 327 6T

Thiz varishls is frested az an unsigned menbar by the
MactPak Ml drive. 1t therafore starts at zero {0), eounts
10 32767, rofls over 1o -32768, and continues
CoAnting towards 2em (0). I primany use is for
diagnostics,

HEL CHKSUM_ERRS%

Dascriptian:
Type:
Betentive:
AGCESS Level:
Value Renge:
Scals;

Typical Value:
Caommerts;
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Mumber of H3L message chechsun arrore

Ouput Varsble

Mo

0

-327ES o 32767

MR

-3e7 65 fo 32767

A checksum error indicates a corruptsd message has
been received. The contents of a mestage with a
thecksum emor are discarded. This variable is treated
az an unsigned number by the MaxPak i drive, it
tharelore starts st zem ), courts to 35V6F, milks owvar
to -32FEE, ard continues courting towards zera (0).
Its primary use & for diagnostics.



HSL TIMECOUT E@

Dezorption:
Type:
Reterte;

Aroess Level:

Value Rarsge:
Typicad Value:
Comments:

HEL recelve messags imeot amor stetus

Output varable

Mo

0

OM or OFF

OFF

OM i the MaxPak Il drive detects a receive message
trnanut eandition, A receive meassage mecut
condiion oooure when the MaoPak 1l dive doea not
recelvs 3 new pdete message within the racaive
fmeout perlod (HSL_TIMEOUT_T9% msec) sinces the
last update messane was received, This condilon
forces a re-connection betweet the HSL module and
the MaxPak Il drive. Onee the re-connection has
bean establiched, HSL TIMEOUT E& is zetto OFF

H3L XO¥RLAP_E@

Dascrption:

Retantve:
Acress Level:
Value Bange:
Typicel Value:
Commaents:

HSL fransmit mescage ovetlap ermor status
Chiput variable
Mo

a

ON ar OFF

QFF

QN if the MaxPak (|l drive iz in 8 Transmit overlap
condition, OFF othetwise. A tranzmit megsage
trierlap condition ocours whan the MaxPak [ drive is
currently sending a message and the

L2 SCAN_PERICDY expires, causing the MaxPsk (|1
driva 1o atempt to send angther message.

H3L_ROVRLAP E@

Description:
Types
Retartive:

Am;sa 'LI-E!"'."El.'

Yahe Rangs:
Typical Value:

Comimnents:

Ciynamic Receive Overap Error Detection Flag
Oiutput varlable

Mo

0

ON ar GFF

OFF

N if the MeaxPak il drive detacts 4 receive message
cwarap condition. A receive message crarsp
candilion ooours when the MaxPak W dhive receives
a message before the previous recelved message
has been precessed. This condiion torees g
recannection between the HEL moduls and e
MaxPak 1| drive. Once the re-connection has been
establizhed, HEL _ROVALAP Ei@ is set OFF
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2.2.3

FLT _HSL COMM_L@&

Variable
Descrlptlon:
Type:
Rutentive;
Access Level:
Value Range:
Soake;

Typical Yalue:
Camments;

HEL Commumdcatmts Feolt Latch

Cutput varable

4]

]

O ar OFF

Borlaan

OFF

Latohed (ON} when any of HSL TIMEGUT E@,
H3L_ROVELAP Edw, or HSL XOVHRLAP £,
become ON whila the MasPak (Il drive 12 OR-Line.
Unlatched (QOFF) by a drive fault reset command (An
ofFto-on transtion of FLT_RESETE). This vanable iz
alzo carmamed b bt 10 of the varablke

FLT LATCHES Y.

HBL_ERROR_FLAGS %

Description:
Type:
Retentive:
Acress Level:
Value Range:
Scale:

Typleal Value:
Comrmarts:

H3L communications error flags

Cuiput Variable

Mg

0

Qi T

[ 17

0 {no emors)

Containg the varables:
HEL_TIMECUT Ef& in bit
HZL_ROVELAP B in bit 1
HEL XOVALAP Ed@ in bit 2

Bits 2 - 15 are not used and wil be 0.

Sequence of Events

The HEL module can transmit many varlablaz. One varakle from
AutoMax to the MexPak Il driva has high priodty and 2 varighles from
the MaxPak |I] drive t the AuloMax have high pricilty. The high pricrity
vanables are typloally used by eument reference and sometimes speed
feedfback. The following diagrar shows “TYPICAL MaxPak
-oautoMeax connections.
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Figure 2-2 - Typtcal MaxPak 1f-to-AutoMax Conpections

Tha "TYFICAL sequence ol events is a3 follows:

If speeeed leaclbsach B connectsd directly to the MaxPak Il drive, the
whax DES precessar runs the Speed Loop, gemmeraies a
current reference, and sands the cumrent refarence via HSL
mipdule to the MaxPak il drive, The MaxPak it drive uses this
retarance for input to the Cumart Minor Loop. Speed feadback =
that sent back to the AutoMax DTS from the MaxPak 1] dirive.
Upan recelpt of speed feedback, the HEE module wilt intermugt sha
AutohMax thereby staring ite speed locp. In thiz gase, the MexPak
HI drive has both speed feedback and armatise vollage locally,
and may act immedlately Fa problem is detectsd (i, techloss
and gverspesd).
Reference section 2.2.6 of this mslnuction manual for detale on

tach loss and overspeed.

MESSAGES

Many messages may be cant o the MaxPak |1 drive and are conirolled
by command REGISTER 30 in the AutoMax DCS. When the Autoblax
DS Yask is ready 1o send data, it must command the HSL madula via
dual-pert REGISTER 30 begln sending the messags.

The MaxPak Hl drive cantinually sends a new meszage to the AutoMax
DGS atthe end of each MaxPak |IF L2 SCAN PERIOD%.
L2_SCAN_PERICD Iz & user configurable variable typioally equal to
20 mSec.
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224.1.1

The number of ragistera {hat ars zert from each end of the link is user
configuralie at both ends, independently. The message siza is
cohtrolled bty the driver software, but is directly refated to the HSL
modula's rmessans scan paned (8,9 speed loop ticks in Register 81)
and MaxPak |1l drive’s L2 SCAN PERIOD®: vahus,

Mezsage Control (L2 BCAN_FERIQD )

The messages sert from the AutoMax BCS to MaxPak i1 drive and
from the MaxPak Il drive to AutoMax DCS are not necessarly
synchronized.

Update time [zcan fime) to transmit varables from the MaxFak (11 drive
13 the HSL modulz is based on the fime set into the MaxPak |1l drve
varlable L2 SCAN_PERIOD® [10 - 20 mifiseconds). (Nota: A valus of
& meac for L2 SCAN PERIODY is not supported for use with the
HSL) Programemable timesout pariods on both the MasdPak 11 drive amd
HEL module are smployed to sssure vaid data and link imegrity.

AitoMax DCS to MaxFak If! Informaticn Update Rate Calculations

THE USER MUST 'HSURE THAT ALL APPLICATION CRITICAL PARAME-
TERS (VARIABLES) ARE UPDATED SUFFICIENTLY OFTEN FOR SAFE AND
PROFER OPERATION (E.G SPEED FEEDBACK, YOLTAGE FEEDBACK, AND
E-5TOP). CRITKCAL PARAMETERS MUST BE GIYEN HIGH PRIORITY CR
FIXED REGISTER ASSIGNMENTS AND UPDATE TIMES MUST BE CALCU-
LATED. FAILLURE TCQ QBSERVE THIS PRECAUTION COULD RESLLTY IN
BODILY INJURY,

WARNING

2-18

The time required for the HSL module o send a mestage o the
Mec<Pak Il dive is determined by the message type. An upciate
cormrnand will ba recagnized within 800 usec of the command bedng
writhan to Registar 30 A reguast to plece he MaxPak | dive
ar-inefoff-line or a configure request will take longer (meximum of
11 ms).

Each update command causes a porian of the output mteger map
(Heqgisters 1100 - 13E45) and & portion of the outeut boalean map
(Register 14M0-1415) t0 be sert to the MaxPak [ drive. Same of these
variebles are "fixed”, meaning that they will be senl sach tUme an
update request is isswed. The “high priodty™ regizter la Ineludad m this
cetzgory. Other vaniables are “muliplexed’, meaning thal thay will be
distributed over several update messages and 1us may lake longer to
franzmit. Once all mulliplexed variables have been sant, the oyale
repeats, starding with the curreni value of the first muliplexed vasabla.
The number of fieed miegers and booleans, and tha total number of
regizters per update messane are detemined by the fick counl written
in Reqister &1, Fixed integers are contiguows, starting with Ragestar
1104} and fixed booleans are contiguous, staring with Feglatar 1480, A
takle detsiling message compasition for varying tick rates and
calculations for determining mfommation update rates follow (akso soe
Sactian 4.5).

Opticnal synchronization of fhe AutoMax DCS spead loop task to tha
MaxFak |11 L2 SCAN PERIQD is provided via Mutibue mtatropt. The
Intafript occures when the Autohax DS has received the two hilgh
priority imtager registere from the MaxPak IV drive.



Tabde 2-1 - AutoMax DCS - = MaxPak Il Drive Message Composition

{1) Mex & Fixed | (2) Max # Fixod Max # of
Reg B1 Integer (MFI) Boolesn (MFB} Reglsters per
(TIGKS) Reqisters Registars Message (MRPM)
11-21 2 1 4
22-32 5 2 0w
3343 & 3 17
4454 18 3 P
85565 18 3 38
GE-T5 18 3 a8
TI-B7 21 3 55
BE-54 24 4 &4
99-100 a7 2 T2 i
110-120 45 5 B1
121131 B4 2 &
132-142 &3 B 1400
143-153 i G 108
154164 Fi- 7 117
165175 87 7 125
17E-186 L 2| 134
Wa7-197 104 g 143
158 QLY 111 10 152
(1} Ineludes 1 kigh priorty integer
(2} Each boolean register inclodes up to 16 boolean vaiables
DEFINITIONS:
Ticks = Scan Loop Ticks (Reg 1) [See preceding table)
Totl Irtegets (TH = (Req TOb
Teal Packed Booleans (TB) = {Heg 71)16 {reunded up)
Fived integers Per Meessge (FIPMY = lesser of: 14 Tl o,
) MA
Fixed Booleans Per Message (FEFPM) = lesserof. 1) TE or,
2y MFB
Muttiplexed Registers Fer Message (MLUAPRY) = legsor of:
;; f;ngr'.mpm-rapm
Maote; |fTt <= MFl and TB < MFE, than thara are no muliplexed

variabies (i.e. ol varables are sent every coan),

*Irtarer Messsaes Per Cycle (IMPC) = Ti-FIPM
MuRFM

*Boolean Meezages Per Cycle (BMPC) =  TE-FBPM
MURPH

# of Messares Par Cyale (MPC) = IMPC + BMPC

Note; “Cyole” refers to the number of meassages required o send all

rafquegled registers, both intoger st boclaan.
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* The result of thess calculations are rounded up.

INFORMATION LUIPDATE INTERWAL:

Fixed integers and booleans = TICKS [Regisler B1) ¥ 0.5 ms
Mulliplexed integers and booleans = MPC x TICKS x 0.5 me

DS —= MP3 UPDATE EXAMPLE

Givary:
Beg 70 = 2D
Beg 71 - 25
Feq Bl = 20
From Table:
MFl = 2
MFE = 1
KRPW =4
Cadoulallons:
Tt = {Reg 70) = 20
TE = [Reg 71)18 = 2516 = 2 frounded up)
FIFM = MFIl = 2 {MFl = TI)
FEPM = MFE = 1 {MFB < TH)
IMPL = [(20-21/{4-2-1) = 18/1 = 18
HMPC = (2-1144-2-1) = 111 = 1
MPL =18 +4+1 =13
Informetion Update Intanval;
Fited Intagers 8 Boclaana: TICKSZ x05ms = 20 x 0.5 ms
= Hma
Mutiplexed Invtegors & Booleans: MPC x TICKE x 05 me = 18 x
20x05ms = 190 ms

2ad.1.2  MaPak ll to AutoMax DCE Information Update Rate Calcofaiions

WARHING

THE USER MUST INSURE THAT ALL APPLICATION CRITICAL PARAME-
TERS (VAR!ABLES) ARE UFDATED SUFFICIENTLY OFTEN FOR SAFE AND
PROPER OPERATION (E.G SPEED FEEPBACK, VOLTAGE FEEDBACK, AND
E-S3TOP). CRITICAL PARAMETERS MUST BE GIVEM HIGH PRIORITY OR
FIXED REGIZTER ASSHGNMENTS AND UPDATE TIMES MUST BE CALCU-
LATED. FAILURE TO QBEERVE THIS PRECAUTION COULD BRESINT IN
BODILY tHJURY.

Tha MaxPak 1il drive sends & new message 1o the AutoMax DCS at the
end of each Ma<Pak [ L2 SCAN_FERIOD%. The

12 2CAN_PERICDY: and the mudticus internupt capakility of the HSL
raodita allaws, bud does not require, symchonizing MaxPak l drive
physleal Inputs {a.0. spead feadback) in the MexPak [l drive with a
task (e.g. spead toap) in an Autoax DCS processon

[Mote: An Autobaw (not DS B000) and & 5704308 processor must be
used if intenupt capability 15 dasired.)
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The rumber of registers sent by the MaxPak (1] drive sach
L2_SCAMN_PERIODS waries with tha value of L2 SCAN PERIODS:. A
esrtain number of *fixed” Integer and baslsan registars will be sent
each L= SCAN_PERICDY%, while the remaining {*multiplexed "} intsger
and boolean reqlsters will b disiributed over ssveral Fessaaes and
thize may require several L2_SCAMN PERIODE for transmiggion, (The
‘high prlatity” registers are ncluded in the catepory of lixed registars,)
When all *mukiplaxed” varables have been sent, the cycle repeats

wath the first multipleed varlable.

A table showing megsage composition for varylng ek rates and
caleulations for determining information update rates fllows (see also
Seotion 4.5):

Table 2-2 - MaxPak H| Drive - = AuloMax DCS Meseane Composition

{1} Max # of f2) Max # of Max # of
Flxed Integers | Fixed Packed Reglsters par
L2_SCAN_PERIOD% (MFR Booleans (MFE) | Message (MRPM}
20 m3ac (defaulty 15 3 23
15 mSec i 2 13
10 mSec 2 2 g

(1) Includes 2 high priomty elegers
(e} Each packed boolean melndea up to 16 boolean vanables
Nete: G insec L2 SCAN_PERIOD% is not supportad for use with the
HEL aoplion,
DEFIMITIONS:
Totgl Irtegers (TI] = (Req 75
Talsf Packed Bocleans (TB) = (Reg 78116 (raunded up)
Fieed Imegers Per Massade [FIFM) = |esser of 1} Tl o,
2} MFI
Fixed Booleans Per Messane (FEPM} = lesserof: 1} TEB or,
2 MFE

Muliplewad Aagizters Per Meesege (MuRFPM)
= MAPM-FIFM-FEPK

*Irteger Messages Per Cycle (IMPCY = TI — FIFW%
MuRFM

“Booleah Messages Per Cycle (BMPC) = TE - FEPM
[F[T5121 7 I

Note: "Cyole” relers to Lhe numbar of messages required to send all
requested registers, both Intagar ahd boolean.

* The result of these calculations are rounded up.
# of Messages Per Cycle (MPC} = IMPC + BMPC
INFORMATION UPDATE INTERWVAL:

Flied integers and bocleans = L2 SCAN PERICD%
Multiplsxed intsgers and booleans = MPC x L2 3CAN PERISD%
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2.2.5

2.2.6

2.2.6.1

MP3 —-= DCE MESSAGE UPDATE RATE EXAMPLE
Ame:

FegTs =40

Reg TE = &0

{* SCAM PERIOD%: = 20
From Takde:

MFl = 1§

MFE = 32

MAFM = 23

Calculations:
= {Reg 75} - 40
= (Reg 76}/16 = S0/6 = 4 (rounded up)
FIPM = 16 {MFl = TI
FBFM = MFB = 8 {MFB < TE)
MURPM = 23-16-3 = 4
IMPC = (40-16)/{4) = 24/ = B

BMPC = {#3)/(4) = 174 = 1 {mumded up)
MPC =8+1=7

Irformation Updale (merval;
Fixed Integers and boolesns: L2_SCAN PERIOD% = 20 me
Muhtipbecced Integers and booleans: MEC x L2 SCAN PERIOD %
= ¥ x 20ma
= 140 ms

Timeout

O powar Up, B connect messags |3 sent to the MexPak |1 drive. The
timeout perlod will pot begmn m the HEL madula urdll a valid connect
acknowledys fessans hae been received from the MaxPak 1l drive.
The tmeout on the MaPak I drive will not start urttil after the first valid
On-Line message has been racshied from the HSL module. Each
VALID meszage received resets the local receive message fimeaut
timet: Timaolt detection may not be disabled by e e, athough i
iz autcnatlcally dissbled when the MaxPak 1 drive b Of-Line o
accourt for longat responses time delays. The MaxPak 11 drive wil] also
dizable s tmeaculs i it gets & connecticonfigure Mmessage ar an
Cff-Line: comrnand.

Tach Loss and Qverspeed

AutoMax Rack Recelving Speed Feedback

If speadd lssdback ie connected directy 1o the AutoMax DCS, the
AutoMax DCS sends the MaudPak Nl drive currert refarance
{CML_REF?%:) sfter running the speed oop. h rmust alss send spesd
feedback to the MaxPak 1 drive for calculating the tach Insa and
overspeed funckons,

Note: The MaxPak |Il driva should slways be used to determine tach
lozs and overspeed regardless of where speed feedback l=
cormected In the syslem.



I addition 1o the MaxPak 1l driva performing the tach koes and
tverspeed lunchions, it i highly recotnmended that these functions
ara afso detectad in the AutoMax DCS softwars and that curent
refarenca is clamped to Fam when s fault is detected. Clarnping the
Current raference after a tach loss ahd preventing high ourmert
references frotm being semt 1o the drive may redouce e amount of
overspesd pror to drive shutdown. i any case, the user iz
responsible 1o assura 4 safe shutdown in any lach kes or svespead
condition,

WARNING

SPEED FEEDBACK MUST BE BROUGHT BACK TO THE MaXPAK [l DRIVE
TO THE APPROPRIATE NODE FOR PERFORMING THE TACH LOSS AND
OVERSPEED FUNCTIONS. FAILURE TO OBSERVE THIS PRECAUTION
COULD RESULT IN BODILY INJURY,

Tha zpeed feedback value should be written to any flxad register
{lypleally, HSL_IN_INT 001} in the HSL module and ancordingty, the
corfigation should be reconfigured. This will allow the spesd
feedback o be gent to the MasPak || drive, For example:

Whean speed feedback iz connecied to the AutoMax DES rack,
hearporste the following sy

AlmoMax:

IDDEF BPM_FDBK®[SLOT=x, REGISTER=1101]
Hote; APM_FDBK% reprasents speed feedback.
MacPak 11 Dirfre:

HSL_IN_INT 601 = L2_FEEDBACKS:
[L2_FEEDBACKS} = (2 FEEDBACK%

WARNING

WHEN FEEDBACK IS BEROUGHT DIRECTLY INTC THE AUTOMAX DCS,
THERE I3 A TRAHNSPORT TIME DELAY ASSOCIATED WITH BRINGING THE
FEEDBACK TO THE MAXPAK |1l DRIVE AND TO REACT TO THE CONDITION.
THIS DELAY IS DIRECTLY RELATED TO THE L2 SCAN_PER|OD% AND THE
AUTOMAX DCS MESEAGE SCAN PERIOD (REGISTER 81). THEUSER IS RE-
SPONSIBLE FOR CALCULATING TIME DELAYS TO ASSURE THAT THE
DRIVE |3 SHUTDOWN PRIOR TO THE MOTOR AND LOAD REACHING AN
UNSAFE SPEED DURING A FAULT CONDATION. FAILURE TC OBSERVE
THIS PRECAUTION GOULD RESULT IN BODALY INJURY.

In the evant of a tach loss or sverspeed condifion, the wser must
calciiate he speed that may be reached when acoelerafing heyond
the cverepeed threshold at madimum torqua with minimuam conrected
mertla urtil power is removed from the motar, This speed must be kass
than the MSS (Maximum Sate Speed) of the system.

The M5S s the lowest motor shalt speed 2t which any component of
the rotating subaystern reaches its own published maximum
mechanical sale speed, For example, if a molor and gear reducer s o
be driven, then the svstam must be protected Tor the Jeazer of tha
motar MZ3 and the reducer {input shaft) M35.
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2.2.6.2

2.2.7

Ta caloulate the transport time defay (e durstion from when an
cverspead or tach o33 candition g detected to when the MaxPak |1
drive s shuldown), usa the followlng formmds;

Time Delay = ({DCS speed leop scan time x 2jms + {MaxPak Il
12 BCAN PERIOD® x 1.5)ma + 8ms

Far exarmghe:

For g 22 ms speed loop sean time and a 200 ms
L2 SCAM_PERIODS in the MaxPak |1l DAVE, the tme will be:

(22w 2ims + (20 x1.5ms + Sme = 4dms + 3I0ms +
Brms = 82me

MaxPak II! Drive Recelving Spead Feedback

When spaed feedback is connected directly to the MaxPak 11| drive,
Incorporate the following syntac

MaxPak 111 Drlva:

[E=_FEEDBACK™] = the "varable™ in the drive which represents
the processed speed feedback either from a pulse tach or en
ahalog tach {typically, PT SPEED FB%.).

Data/Link Integrity

The programmaide imecut periods nn bath the MaxPak 1l diive and
the HSL maduls ere emiployed fo assure valid data and link intogrity.

Aty byte start sequence n the message along with 2 separa’e
checksum evalustions provide the software data integrity. AdcRionally,
odd parity is Used o detect cnae bit failures within any one parfcular
byte. Mo data ie written o s destination unlil it is validated by at least
ene chacksum and there are no hardwars (parity or framing)
ransmilsslon strors,



3.0 INSTALLATION

Thiz section desaibas how to instell and replace tha High Speed Link
(H3L} module. Ao described ks the RE-232 connecton between the
HEL mochile ard the MaxFak Il Reference Appendx T for RS-232
Wiring Characiesistica and Appendiz E for Technical Specificalions.

DAMSER

THE USER IS REEPONSIBLE FOR CONFORMING WITH THE NATIONAL
ELECTRICAL CODE AND ALL OTHER APPLICABLE LOCAL CODES. WIRING
PRACTICES, GROUNDING, DMSCONNECTS, AND OVER-CURRENT PROQ-
TECTION ARE OF PARTICULAR IMPORTAMCE. FAILURE TCQ QBSERYE
THIS PRECAUTION COULD RESULT IN SEVERE BODILY INJURY CR LOSE
OF LIFE. :

DANGER

ONLY GQUALIFIED ELECTRICAL PERSONMNEL FAMILIAR WITH THE CON-
STRUGTION AND OPERATION OF THIS EGUHPMEHT AND THE HAZARDS
INVOLVED SHOULD INSTALL, ADJUST, OPERATE, AND/OR SERYICE THIZ
EQUIFMENT. READ AND UNDERSTAND THIS INSTRUCTION MANUAL AND
APPROPRIATE MAXPAK 11l AND AUTOMAX DCS MANUALS IN THEIR EN-
TIRETY BEFORE PROCEEDING. FAILURE TO OBSERVE THIS PRECAU-
TION COULD RESULT IN SEVERE BODILY INJURY OR LOSS OF LIFE

WARNING

INSERTING OR REMCYING THIS MODULE OR ITS CONNECTING CABLES
MAY RESULT IN UNEXPECTED MACHINE MOVEMENT. TURN GFF POWER
BEFORE INSERTING OR REMOVIHG THE MODULE OR ITS CONNECTING
CABLES. FAILURE TO CB3ERVE THIE PRECAUTION COULD REZULT IN
BODILY INJURY.

3.1 Wiring

The installaticn af wiring showld corform to the NEC and all applicable
local codes, T reduca the possihility of elecirical noEs Interlsting with
the contmat systam. axerclse cara whan instafling wiking between the
mesciula and the external hardware, For detalled recommendations,
ralar i IEEE E1B.

3.2 Initial Installation

Uze tha following procedure Io install the HEL modula (MM BFCAE4)

1. Stap any application programs that are ranning in the Awiohax
OCs.

2. Tum oft all power to the MaxPak HI drive.
3. Tum off power 1o the AutoMax DCS sysiam,

4, Install e HEL medula inan emply sied of the Auiohax DCS Card
Fach [which mabctas the slot dafined n the conligiration).
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32

HMote! The MaxPak Il R3-232 port uses & 26-pin femake “0F shell type

e

=

COnrsatern,

Cannect the A3-232 cable from the 25-pin female *0° shell type
contgstor of tha MaxPak || o the HSL Module connesion

Tum or power to the AutoMax systen,
Tum on power 1o the MaxPak 11 drive,

Enable the High 3peed Link opton on the MaxPak (1l

[HSL_EMABLEE = ON, MB_ENABLEE = OFF). To enable the

HSL apticn withowt having to modity MBEMABLEE or

H3L ENABLE®, perform the folkowing instructions:

£ Mithe end of MaxPak il system initializetion (efter "MPDR’ diag
sequence), hold down the Increment key (p Amow) and
Erter key (E) and then release the keys whils "HSL' ks being
displayed on the On-Board Keyiboard Dispiay.

Note: This method of channe! celection will 2st MB_EMABLES,

H3L ENABLE®, and COM_PORT _LSEY to the velues
Indlcatad in the following takbe.

Tabla 2-1 - MexPak |1l Comm Port HSL Channed Selection

CHANNEL
SELECTION MB_ENAEBLE@ | HSL_ENABLE® | COM_PORT_USE%
'HEL QOFF DN C
0. Verify that the hardware has been installed comecthy.

Verfy that the HSL module and the MaxPak |l are comrnumicating
via the link az follows (this check assumes that the 570424 and
MaxPak lll are connected with an RS-232 cable as configured in
Appendix D), HSL & enabled on the MaxPek Il {HS. ENABLE®
= DM, MB ENABLER = OFF), and the AutoMax DCS appicalion
controlling te HSL has not yet bean starisd:

g Verfy that the 'C’ on the HEL module’s F-segment fault code
LED has dizappeares

. Monitor e variable HEL_BECAD MEGE% on the MaxPak (I
On-brard ¥eyhoerd Displey {OKD) or by using the MaxPak N
Enftanced Monitor Program, or Terminal Programmer, or
Handheld Terminal. This variable will have a vabue = 1 [ the
fin¥ has been established betwean tha MaxPak 111 and the HSL
module,

o Montor the vanable HSL XMITE MSGS% on the MaPak )
KD or by using the MaxPak I Enhanced Monitar Program,
or Terminal Frogramimeer, or & Handheld Terninal. This varable
ermukd be continuously ncrementing if the link has been
extablished. {Note: This varable will rollover from 32767 w0
-3=7638]. [The GKRD ktches the value of he displayed variable,
To determine whether a variable i changing, the "E™ key must
be u==d 1o display itz starling value, then pressod twice mare
I dizplay s subsequent value.) Az, examine register 14 on
Ihe HSL module (numbear af messages received By e HSL
module) uzsing the AuksMsx DCS /0 menitar, Verify thal this
number is continuously Reramenting.



3.3

Module Replacement
Use the following procedurs o replace e module.

T

2
2

8.
g,

Siop any applicaion programs thal ars fornlng o the Ao Max
DEs.

“Turh off power 1 the MaxPak [§ connected 1o e HSL module.
Tum off powser ta the AutoMax DES system.

Dizconmact the RS-232 cable from the GATEWAY connector on
the faceplate of the HEL moadula.

Aemove the HSL module from the slot in the AvtobMax DH2ES rack.
Flace e new module in the slot vaoated by the defective module,

Commect the RS-232 cable o the GATEWAY connectar on tha
faceplate of the madiuls,

Tum on power to the AutoMax DCS syshenn.
Tumn on power o the MexPak |1F drive,

10, Verfy thal the hardwase has basn Installed correcthy.

Verify that the HSL module and the MaxPak |1 are communicating via
the link gz follows {thiz check resumee thet the HSL moduls and
MaxPak Il Bra connected with an R5-232 cable sz configured |k
Appandix D), HSL s enabiled on the MaxPak §Il (H5L ENABLER =
ON, ME ENABLE® = 0OFF), and the Actolax DCE applleatlon
anttralling the HEL has hot yat bean started:

1.

2.

Verify that the 'C' on the HSL module’'s F-segment fault code LED
has disappearad.

Moniter the vadable HSL_AECYD MEGE% an the MaxPak Il
Orr-board Keyvboard Dizplay (OKD) or by wsing the KaxPak il
Enhancad Maniler Pragram, of Tarrninal Programmed, of Handheld
Tetminal. This varkabie will have a valua == 1 il the link has been
established between the MaxPak 1l and the H3L modnls,

Konior the variable HSEL XMITD_MSGE5% on the MaxPak I OKD
ar by Lsing the MaxPak Tl Enharced Monitor Program, or Terminal
Programmer, or a Handhnedd Tenminad. This variable shoukd be
continuously incremerting if the link has been established, [Mote;
Thiz variable will roligver from 32767 o -32768). {The OKD |atches
the value of the displayed varable, To determine whether a
varable is changing, the “E” key must ba uzed o display its
gtarting velue, than preszed twice more o display k2 subsequent
value | Ailso, examine register 14 on the HSL module [rumbsat of
meseages received by the HSL madule} using the AutoMax DCS
1’0 mnitor. Yerify that this number is conlinuously incremearting.
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4.0

PROGRAMMING

This secticn describes how data s organized in the HSL modubke and
MaxPak I drive download requirements. [ also provides examples of
how thet module iz acceszad by application programa.

The programmer must include Emits in the spplication scfiware o
ensure that the data sert to the MaxPak (I} iz always in the allowable
rarge. If appropriate limits are not included, the dats iz clamped and
an emor is logged in the MaxPek Il drive.

Refer o J<3B48 Instruction Manual for AutoMax DCS systems using
Verslon 2.1 or earlier Program Executives 1o write configurafion tasks.

Aefar 1o J-3684 Inztruction Manual for AutoMax GCS systems wsing
Yersion 3.0 or later Program Execulives fo wite configuration tasks.

Programming Notes:

K using the HSL Default Register Map (see Appendix A), all varables
up 1o the last one used must have an sccurale and acceplale value,
This is typically accompliehed by an inifialization task ranning in the
AurtolMax reck.

ALL HSL INFUT YARIABLES MUST BE INITIALIZED TO APPROPRIATE VAL-
UES PRIOR TO SENDING UPDATE MESSAGES. FAILURE TQ OBSERVE
THIS PRECAUTION COULD RESULT IN BODILY INJURY,

WARNING

The values of e Configuration Reqgisters (70, M1, 7S, 76, B0, B1] may
ba Inconparated 0 the initialization task.

1§ L2 EXECUTE EN® or ML EXECUTE EN® is Io be usad [— 0N}
then a L2 SCARM PERIOD% edqual 1o 15 or 20 is recormimencact. A
MaxPak Il CPU OVERLOAD may oocur if the £2 SCAN_PERIODN Is
less than 15.

Constralnis:

All writes 10 Register 30 (CMD_REGT:} must be an integer, not
boolean.

CMD HEG% must be the last defined comman in A condrol ook task,

If CMF_ERRS% = 0, any command may ba writlen ta tha
CMD RES%: provided the following conditions are met:

» CMD REGS Iogically "ANDed” with 0380 = 0
& TX_ACTIVER (Register 31, bit Q) = @

& LINK ACTIVEE (Reglstar 4. bitd) = 1

= COMM_ERRS% (Register 25) = 0

Note: The CMD HEG% must be checked Tor O prior 12 checking
T ACTIVE®:.

[f CNF_ERRS% = = D, anfy a cotfiguralion raguest may be wiittan to
the CMD_REGTe. This may be wiitten at amy tms adthaugb it will hot
ke acted upon untll LIKK.ACTIVEE = TRUE and COMM ERRS% =
a.
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4.1

i & COMM_ERA cauzes a8 CONFIGLRE reguest in be lached in the
CMD RE (Begkster 30, the CONFIGURE message will be sent as
soon as the COMM_ERR is resel F it causes any other request o be
letched, the CMD REG will be clearad as s0on aa the COMM_ERR iz
resat and e reguest will b lgnared.

MaxPak lll HSL Registers

MaxPak Il| HEL Reqgisters are classified inte mput'output and
boolesnfimteger regisglers, Theay may be mssigned to any MaxPak (|
variakte, Aegisters will contain the veluss of the MexPak || varebles
{inpurt or oulput) to which they are assigrned. MaxPak 1| input varatiles
assignad 10 input ragistars will recelva thelr values Irom the Input
registera.

The MaxPak 111 drive may be either On-Ling or OfFLine, When the
MaxPFak 11 is Or-Line, only the number of cutput variables requested
by the HSL module's REGISTER 75, and REGISTER 76 will be sert to
the HSL module, 1n otfver words, if REGKSTERS T8 and 76 cortain 140
and 5 respectvely, HSL_OUT INT_DOD through HSL_OUT_INT 003
and HSL_OUT_BOOL 000 thraugh HSL_OUT_BOOL DO are sarnt
respectivedy.

if the MaxFak |l drive is Of-Line. all output registers defimed & the
H5L register map are sant regardiess of what is specifred in REGISTER
75 and REGISTER 76,

The number of input varasbles sentio the MaxPak HI dhive is abways
determined by the contents of Registers TR and 71, regardiess of
whether the drive iz Tn-line or Off-ling,

HEL reqgiztars are assigned within te MaxPak [l prior 1o comnecton o
the HSL link by using the Download program in the MaxPak N HOSTIF
mede. (Refer 1o the MaxPak [ drive instruction manual). Example
download statemerts are:

1000 HSL_IN_INT 000 = CML REF%

1100 MEL_IN B00L 000G = 320 DRIVE ER
2000 HSL_OUT INT DID = PT_SPEED FB%:

2100 HSL_OUT BODL 000 = SEQ_ARM ACTWVERD:



4.2

High Speed Link (HSL) Configuration Map

The fallosving diagram illustrates the HSL Hardware Configuestion. The
taxFak [l drive contains the HSL register assignments (HSL_ OUT *
and HEL_[N_*) as dafined in the download configuration file.
Remember, the HEL default contiguration file shipped with the drive
(zee Appendix A) can be used or a custormn configuraton file may be
crealed. The HSL registers (ex. HSL_OUT INT 000) are assigned
MaxPak 11 drive variables a3 required. The coresponding registers in
e HEL moduls {ax, REG 100} are azsigned AutoMax DCS variebles
as reguirad uging 1ODEF staternents in the AutoMax DOS. This craates
a direct mapping batwaen Mexpek [l drive and AutoMax variakbies,

HEL Madule MaxPek |l Drive
REG 100 t———1 HSL OUT INT 00
REG 101 1 HSL_OUT_INT o0t
- » Beceh's L) - ]

- « [lata L] [] -

REG 3B5 ——  HEL _OUT IMT 255

REG 40080 [*— HSL_OUT BOOL 000
REG 400EkR1 [ HSL_CUT BOOL 001

- - - L] -
* - ¥ & . ]
HEG 400Bt15 (™ HSL 0OUT _BOOL M5
REG 4N Bitd ["™ | HEL OUT BOOL M4

L LI ] - ]

REG 415Bit15 M——o{ HSL_OUT BOOL 254

REG 1100 F——=] HsL N T Dap
REG 1101 ™ HSL_IN INT DM
L) + Trmansmil ¥ r *
» = Dalg L L] *
HEG 1355 i HSL_IM _INT_255

REG 1400Bt0d ———= HSL N _800L 000
REG 1400Bit1 [ HSL IN_BOOL 001
L] * = - - *

REG 1400 Bit 15 ——d= HSL IN_BO0L 015
REG 1401 B0 — HSL [N BOOL 018

REG 1413 Bit15 [~ m HSL_IN_BOOL 255

4.3

Figure 4.1 - H3L Configuration Map

Download Requirements
The MaxPak Il drive download utility varifies that seuree configumiion

eyrtax corforms to the following HSL syntax requbrernents as each
staterment ie read during the verify stage.
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4.3.1

4.3.2

Stalement Syntax
< ling number=SPACE < HSL regizter hame > SPACE =SPRCE < MP3

varable name =

Where, SPACE means 1 or more requiret space characier or tab.

S| W 0y o e
- Decimal valee fioem 1 b 855835 inchusive.
- Must begin in ealumn 1.

=HIL tegister name =
*HSEL IN_INT mnn'
Integer Input registers
where: ¥ = redistar number, Range: 0-255.
Leading zeros perimitted bl not required.
‘HEL_OUT_INT _mn’
Integer cutput registars
where:  nmn = register numbet. Range: D-255,
Leading zeros penmitted but not required,
‘HEL_MW_EBOOL_nnn’
Baglaan input registers
where:  nnn = register number. Bange: 0-2535,
Leading zercs permited but not required.
"HEL CUT BOOL nnn’
Boolean output reglsters
where:  nnn = regisier number. Renge: 0-255.
Leading zercs panmilted but not required.
<vatable_name>
Alphanumets or [, & "% < = 16 charactess | length,

- First charactar miket ba an elphe character,

- Last character must be % or &@ indicating mteger or boolean
varfahle type respectively. The vatiabla type musat maich the
HIL register type ie. H2L IN_INT _nnn and
HSL_CUT_|INT_nnn registers must be assigned o Integer
variabiae. HSL IN_BOCH_nmn and HEL OUT_BOOL nnn
must be assligred to Bockean variahles.

Statement Posgition Within Source Cenflguration File

HEL register azsignments can ooour anywhere N he MaxPak 1 drive
configuralion sourca; they can be grouped together of Inksrsparsed
throughout the flle.

HS5L register assignments can occur in any order. That i, they do nat

hava o apperr in ascending or descending reglstar erder and can ba
Frisac.

For Exarmpde. the following source linas ara valid;

010 HSL_IN_INT_002 = L® REFA%

015 ML_CMF O EXE EN@ = ON

0P HSL_COUT BOOL 0 = SEQ ARM_ACTIVE®
030 HSL_IN INT 000 = L REFE%

040 [LE REFB%] = L2 REFB%

050 HSL_IN_EOOL_007 = FLT_RESET®E
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However, it is highly recommended that HSL register ezsignmeants be
grouped together and in ascending numens order. For exarmple:

010 HSL_IN_INT (00 = L2 REFAS:
011 HSL_IN INT 001 = L2 REFB%

L]
remaining HSL_IN_INT assignmerts

020 HSL OUT INT 00O
021 HSL OUT INT 001

-

CML_REF%
L2 AEFG™

remainng H3L OUT INT assignments
030 HEL IN BOOL 03 « FLT RESETM
031 HEL IN_BOOL 401 = MEM _RESTORER

remaining H3L_IMN_BOOL assignments

040 HSL OUT BOOL DD = SED_ARM_ACTIVES
041 HEL OUT BOGL DM = L2 REFA ENABLEE

remaining H3L OUT BOOL asslghments

HSL Table Reguirements

Thiz outlines the inlerdepondatickes among HEL radistar amsigrmerts
az a whole, H3L assignments are dependent on each other.

The following constralinis apply:

A maxlmum of 1024 HS5L register assignments is avalleble, The
maximum number of assigomants for any ane HESL type {integer input,
imeger output, boolean input, and boolean outpl) iz 256,

H35L assignmentz of each of the four types must be contiguows (within
each Wype) and start with register 0. The azsignments can ocour within

her sourca file in any order but, having read them all, downleed will
cheack for caontinuity from Register 0,

Duplicate varfables name assignments within ary 1 H5L type (same
variabia name) are not penitted. for example, twe fodlowing is mot
parrmtied.

£ HSL 1M INT D0 = L2 REFA%:

0S50 HEL IN_INT 009 = L2 REFA%

4-5
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However, assigning the aame nput variabhe to bath an nput and an
cultput register iz permitted, For example, the fllowing is permitied.
00 HIL M _INT 001 = L2 BEFA%:
020 HSL CIUT INT DO = L2_REFA%
LA HEL 1N BOOL D05 = L2 REFA_EMABLEST
040 H3L_OUT EIDDIL 005 « L2 REFA_ENABLEmD

Duplicale reglstar assignenents within ery 1 HSL type [same registar)
are not perrmitted. For example, tha following i not parmilted.

D10 HSL_IN_INT 001 = L2 REFA%:

*

L]
050 HSL_IN_INT 001 = L2 REFB%

There are also requirements speciic to the Individual types. See
Secdons 4.3.5 through 4.3.8 for detalls,

Note: The MaxPak |1 drive downloed utility verifies that the source
canfiguration contorme 1o HSL mbe requiraments at the end of
the verlty stage and balors the downboed ctage. The excepiion
being the deteclion of ONLINE [Access Level < 3] and
DFFLINE (Access Level = 3 canstraints; these can only be
detected during the download stage.

Appandls G (Verffy Errors) and Appendix H [Download Emors) list and
detoits e afors that could oogur during verfy and download.

Following the verify stage, an account of the HEL registers is displayed
1o the screen and 1o the log file [f specified). This summany sppears
as followe:

HIGH SPEED LINK (HEL) REGISTER ASSIGNMENT STATISTICS

Boolean [nput saction count (HSL_IN_BOOGL_*) :ann
Boolean Cutput  section count (HSL ¢ DUT BOGL . ™y mnnn
imteger Input section count {HSL_IN_IMT_‘]' nnn
Imeger Output section count (HEL_OUT_INT_*} mnn

Where niw 5 the nurnber of regisiers assigned in the section.

MaxPak HI Drive Requirements

In addition to the Statement Syrtax Requirements, Statement Positon
Within Sowrce Configuration Fie, and HEL Table Requiremerts, the
BaxPak 11 quelifies the HEL assignments according o the following
raguirements,

The variables assigned to the HEL registerz must exist in the
MaxPak 111

The varlables assigned to HSL_[N_[WT_ 000, HSL IM_INT (01, and
HSL_IN_BOCL 000 must be OMNLINE (Aceass Level < 3).

Once the firest OFFUINE {Access Level = 23 variable has Deen
assigned, all remmalning regisiesrs must be sesigned 10 OFFLINE
vafiabies.

Only MaxPek Il drive integer input variahles can ke assigned o
HSL IM_INT_ registers,



4.3.5

4.3.6

Cnly MaxPak IF drive irdeger variables (input of outout) can be
asgigned to HEL_OUT_INT_ registers,

Oy MaxPak [IF drive boolean input variehles can be assigned to
HSL TW_BOOL  regisiers,

Cinly MaxPak [IF drive boalean varabfes {input or outpart] ¢an be
assigned to HSL OUT BOOL registers.

K one or mare HSL register assignments are downloacked 1o the
MaxFPak M drive then the entire HEL register mag in the MaxPak 1
drive i cleared and the new assignments [in the downloading
configuration) are atded.

Integer input Reglsters

Speciiic download requirements for Integer Input Registers are:

» There must be &t least 2 infeger inpute; HEL_IM_INT_000 and
HZL_IN_INT_ 004, If one or both of these registars are not tssd for
the desired application, they must have valid valuas.
COM_MULL [N% may be assigred ko allher of hese reglsters
and/or & variabla that will not ba used in the applicatiorn.

& Thesa first two niust be ONLUINE (Access Level < 3} variables,

» The first QFFLIME [Accese Lavel = 2) varable must be aftar the [ast
DMLINE varighle, Thiz implies tat once the first OFFUMNE variable
haz bean assignad 1o register nnm, then all remalning HSL registers
(it he nteger Bput tvpe) nan+1 1o 255 can only be assigned
to OFFLINE variables.

HEL_IN_INT_DODO: This register meoahes s value from the HSL module
REGISTER 1100, This ks a high prioety AutoMax DCS 1o MaxPak
data trarsfer vatues via H3L module REGISTER 1100, This register is
nonally used to receive CURRENT REFERENCE (CML REFS%).

HSL_IM_INT 000 - HEL IN_INT_ 255 These registers recelve thelr
vatues frorm HSL modube REGISTERS 1101 - 1355, They may be used
o raceive any user defined informaticn from the AutoMax DCS.

HSL [N INT O Is received every time the HSL module gets a
transmit request. Al others may take seversl requests to be sant.

Boolean Input Registers

Specific dowrload requirements for Boolean Input Begisters are:

# There must be &t least twp boolesn inputs; HSL IM_BOOL_DAD and
HSL 1M BOOL 004, K one or both of these registers are nat used
for the desired applu::atcln. they must have valid vellses.
COM_NULL NG may be assgned o either of these recgstars
andsor a variable that will not be used in tha application.

# These firat two must ba OMLINE {Acoess Level < 3) variables.

& Tha first OFFLINE (Aocess Level = 2} variable must be atter the last
OMLINE watakle. This implies that once the first OFFLIMNE variable
has beeh azsigned to register non, then all rermaining HSL registers

[within the boolean input type) nnn + 1 fo 235 can only e azsigmad
0 OFFLINE variahles.
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4.3.7

4.3.8

HZL IM_BOOL GO0 - HEL_IM_BOOH, 255: Contain the bit booleans
from the AutehMax 0SS via dual port REGISTERS 1400 13 1415. Each
HEL medule register received cortains a bit packed word of 16
booleans. Tire MaxPak IH drive will not wu=e all he hocleans received in
e |asl register if tha number of booleans to be sant to the MaxPak H
drive {(REGISTER 71} Is not a multiple of 16. HSL_IN_BOOL 000 - M5
are recened from the HSL module every message. All cithers may take
cevers messeges 1o recejve,

integer Cutput Registers

Specific downioad requirsment s as follows:

# There must be at least twp nteger outputs; H3L_OUT_INT 000 and
HSL OUT INT OM. If ore or both of these regrstem are not used
for the desired appBoation, they must have valid values.
COM_NULL QUTS may Be assigned to either of these registers
and/or & vaneble that will not be ysed in the application,

HEL OUT [MT 000 - 001: High priority data fransfer values from
MaxPax 11l drive to AutoMax DCS REGISTER 100-1M. If speed
feedback is connrected directiy to the drive, one of these registers
would nomally be used i franemil speed feedback

{FT_SPEED FDBEK%) to ihe AutoMax DCS.

HSL OUT ENT D02 - HEL OUT INT_255: Each varable represents
ahe inlager sent 1o the AutoMax OCE dual port REGISTERS, starlng
with REGISTER 102 and contruing to BEGISTER 235, These registers
may ke used 10 send any user defined infonmation from the MacPak il
drive to the AutoMac DS,

Boolean Output Registers

Zpeciiic download requirement is az follows:

& Thar must ba at lsast o Boolean oulputs, HSL OUT_BODL 000
and HEL OUT_BOOL 001, If one or both of these registers are rot
Lzed for the desived application, they must have valid vahues.,
COM_NULL_OUT@ may be assigned o eiher of these registers
andvor a vaniable that will not be used in the application,

HSL QUT BOOL 00D - HEL OUT BOOL 235 Each varabds
represatts 1 bit In the bil packed word sent to the AutobMax OCS dual
poit REGISTERS 400 to 415, These bits miay point to any pettinent
boclean data in the MaxPak Il drive that the user wants to send to the
AutoMax DCS. HSL QLT _BOGL 000 - HEL_QOUT _BOOL (M5 are
guarameed 0 be received by the HSL module every

L2 ZCAM_PERICD%, The remaining bodeans may teke several
messages to ransmit



4.4 Minimum System Configuration

Ther HEL moadule |s eonfigured using AutoMax DCS. A minimum
system cordiguration is as follows: AutoMax BCS

AloMax DCS

REGISTER T3 =2 - = # inteqers to fransmit
7 Ma<Pak [IF drive

BEGISTER 71 = 2 -= # boolean hits to
tramsmit to MaxPak 1|
drhve

REGISTER 7S = 2-= ¥ integers to recelve
from the MaxPalk i
crive

REGISTER TG = 2 - = # boolean bits o
recehe Trom the
MizxPak Il drive

REGIETER BQ = Temaout {in msec)

{2 x MaxPak Il L2 SCAN PERIODS%:) +5-= behwean MaxPak (Il

drive massages

REGISTER 31 = 11 -= # of ticks betwean
updste requests e2.0.
spaed koop tick
Irvterval).
Mote: 1 ek - 0.5 ms

MaxPak Yl Drive

HSL_TIMECUT T% =
{2 * DCS/Autolax Sean Farod) + 10

HSL EMABLE® = ON

4.5 High Speed Link Configuration Program
Examples

Two High Speed Link conflguration pracgram exampbes are provided in
this section. The first example wses the High Specd Link defautt
corfiguration file See Appendix A. If the dive was shipped from 1he
factony withouwt a custom ordered or Enginesring Sales ordarad
configuration, the VWersion 6,14 software shoukd contaln a default HSL
assignment register map in the MaxPak Nl drive's configurallen fila.)
The second example uses 4 oustom configuration file amd Be Multibus
fnternupt capability. Reference Appendsd K for a summanzed funational
overview of the HSL.

Mote: I iz recommended o uplosd the configuration file and zave 1o
dizk for relerence prior fo making changes to the axizting

configuration file. ¥ overwritten, the existing corfguration file
will b last.



4-10

4.5.1

Example #1

Problem:

Bun 22 ms speed loop inthe AutloMax ODCS and transmlt current
raference to a MaxPak lll {no fiald waakening), Speed fesdback via
rasolver mard M an Autanax rack. Must sk=o ba able 1o fune CML gnd
FLD fram the Automax Since speed loop wili be run in e Autolax
Loop 2 can be shut off (L2 EXECUTE ENE@ = QFF). The Machine
Logio, Ratio Detector and Loop 3 can also be shut off
(ML_EXECUTE_EN@, AD EXECUTE_EN@, L3 EXECUTE_ENE)
gingce they will nod o uesad.

MaxPFak Il Drive Configuration:

Usze the MaxPak Il crive dafaull HSL register map (Reference
Appendi: A i this manual). Conficure the MaxPak | drive for;

HSL EMABLEG = ON

HSL TIMEQUT T% = 54 (2 * speed loop scan periad) + 14
L2 EXECUTE_EN® = OFF

ML, EXECUTE_ENE — OFF

RC_EXECUTE ENE - OFF

L3 EXECUTE ENE = OFF

L2 2CAN PERIODS: = 20

[L2 FEEDBACKS:] = L2 FEEDBACK

Note; In eddition, sach HEL intager or baalarn having a
comaspanding node must be assighed to thal node (e,
|CML REF%]=CML REF%)

AuboMax Conflgurathon:

The AutoMax must be able io cormtrol he followirg MaxPak 11 drive
mput iniegers;

CML_REF% FLO_| REFS:
GML_ADAPT_GAIN% FLO_ECOM_REF%
CML_CC_THR%: FLOECON_DLY T%
CML_FB_GAIN% FLE IREF_LIM_HI%
CML_PI_KP% FLO IREF_LIM_LO%
CML_PI_WLD%: FLD ! FE_ ML
CML_RATE LM% FLD | Pl KP%

L2 FEEDBACKS FLD [ P WLD%

Zince the [2st of these is mapped o input irfeger 032

(HEL IN INT 032, the AutoMax must control input imegers 000
through 032, for atotal of 33 input imegers. This includes a block of
integers from 002 (QUT_S1_0 ANA_DR) through 019

(ML_GAIM 1IN with the sxcsption of 005 {L2_FEEDBACK:) that
wilk nod he used. Thess intagers are "don’l came's”, since we are nol
using L2, ML or tha 31 [Signal Intarface) card. Note 1hat

L2 FEEDEACK S iz essentlal so hat the drive can dalect tach loss and
ovarspaed,
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3a
40

The AutolMax must also be abda o cormrol the following MapdRai [
cirive input boalaans:

SEQC_DRVE_EM@
SEQ RUNE
FLT_RESETim

Since the Lest of thees Iz mapped to nput boolean 005
(HEL_IN_BOOL 0DE), the AutoMax must control input booleans GO0
through 005, for a total ol 6 input booleans. The 3 unused booleans
(ZEQ JOGE. SEQ _STOP ILIME, and FLD _ECON_ ENE) must all be
turned OFF. Since this is the defaull state of HSL variables, the
AutoMax will not be affected.

The Auttiblex needs o monior the following MaxPak 11 drive oot
inbecjars:

CML_REF &%

CML ERROR_S.1%

CHL_FB 5.J%

FLD DELTA%

FLC | FB 80%

Since the tast of these ks integer cutput 005 (HSL_ OUT INT_O08), the
AutaMacx must be configured for 8 output negers.

The AutoMax peseds to monitor the followlng MaxPak 1| drive outpot
Eaclaane:

FLO Ok

el ARM_PERMG:
SE0 FLD PERME
SEQ AUNNINGE
IN_RUMNPERNE

FLT DRIVE FALILT{D

Sinca he ket of these s boolean cutput 023 (HBL OUT BOOL 023,
the Auloiax must be configured for 24 output bocleans.

Configuration Task

A minirmurn conllguration Yask for thiz example is listed in paragraphs
> fallow. The minimem configuration task = writteq wnder the
azsumpticn that the processor card resldes in Slot J and the HSL
rmodule in Slot 2. MNate that this listing shows only those definllon:
telating o the HEL; a reqd configuration task will require other
dafintdicns as wall.

Mete that in fme 1150, the MaxPak 1l driva variable
FLT_DRIVE_FAULT@ is IDDEF'd as DRWE_FAULTE, This name
change facilitales the use of this vatiable in ladder tasks, which do not
supgart the longer name.

The appfication tasks listect harein are described bater in this section.

TASK ILOCKI TYPE=PC, FRICRITY = B, SLOT =Df ! intarlock Ingic
TAsK SFEED] TYPE=CONTROLPRICRITY = 4, SLOT =0} ! speed Ioop
TASK HSL_RUN[TYPE=BASIC, PRICRITY = & SLOT = 0f | Ik rastert tesh
TASK HSL_INIT] TYFE=BASIC, FRIOAITY =10, SLOT =0} ! nltialization task

411



98 | command/status registers:

[ODEF LINK_ACTIVEG! S8L0T=2 AEGISTEA= 4, BIT= (]

110 I0DEF COMM_ERRS[ 2LOT =2, REGISTEA —25]

120 [DCEF COMM_ERRIE| SLOT =2, REGIZTER =26, BIT = 15]
13 I0DEF CHNF_ERRS:[ 80T =2, REGISTEH =27]

140 [DDEF CNF ERRE( S10T =2, REGISTEA =Z7, BIT =15]
150 (ODEF MP3_STATUS™] S1.0T=2, REGISTER = 28]

160 IODEF SYS_IMIT_FAILG[ SLOT =2, REGISTER=24. BIT= ]
170 IDDEF SYS SHUTDOWN @[ SLOT =2, REGISTER=28. BIT = ]
180 IODEF TX_ACTIVES([ SHOT~2 AEGISTER=29, BIT= 0]
190 IODEF CMD REG%[ SLOT » 2, REGISTER =30]

200 1DDEF COMM_RESETIE[ 20T =2, AEGISTER=31,BIT= 0}
210 ODEF INPUT _INTS%[ SLOT=2. REGIZSTER=T0]

220 IQDEF INPLT BOOLS%[ SLOT=2, REGIETER =71]

230 IQDEF CUTPUT INTS%%:] SLOT=2, REGISTER =7E]

240 IQDEF CUTPUT BOOLSS[ SLOT=2 AEGISTER = 7E|

250 [ODEF TIMEQUTS:[ SLOT=2, REGISTER =80]

28] |DDEF TICKS%[ SLOT=2, REGISTER=41]

328 ! input integers (b mp3):

400 |ODEF CML REF[ SLOT=2, REGISTER = 1100}

419 IODEF FLD | REF%{ SLOT=2, REGISTER - 1101}

420 |QDEF L2_FEEDBACKS:[ SLOT=2, REGISTER = 1105]

430 |10QEF CML ADAPT GAIN%:| SLOT=2, BEGISTER = 112(}}

440 10DEF CML_CC THR%([ SLOT=2, REGISTER = 1121}

450 |ODEF CML_FB GAINS[ SLOT=2, REGISTER= 1122}

480 0ODEE CML Pl_KP%[ SLOT--2, AEGISTER=1123]

470 1ODEF CML Pl WLD%[ SLOT=2, REGISTER =1124]

430 10DEF CML RATE LM% [ SLOT=2 REGISTER =1125]

450 |ODEF FLD ECON REF%[ SLOT=2 REGISTER =112§]

500 IODEF FLD ECON DLY T%[ SLOT=2, REGISTER=1127]

510 I0ODEF FLD IREF LM HI%T SLOT=2 REGISTER~1128]

520 |QDEF FLD IREF LIM L0 SLOT=2 HEGISTER=112%]

530 |ODEF FLEY | FE MULCS[ SLOT=2, REGISTER=1130]

540 |0OCEF FLE | Pl KP%[ BLAT -2, REGISTER=1131]

&5 |0DEF FLD | P WLD%[ SLOT =2, REGISTER =1132]

Ee9 ! input beolezans ito mpd):

Ty tODEF SEQ DANE_EM:a| SLOT -2, AEGISTER = 14(H). BIT= 0]
710 I0DEF 2EQ RUNG[ SLCT=2, REGISTER = 1400, BIT= 2}
720 1ODEF FLT RESETE[ SLOT=2, REGISTER = 140D, BIT = 5}
#3959 | autput integers ffrom mp3):

90 1GDEF CML_REF SJ3%:[ SLOT=2, REGISTER= 102]

910 IODEF CML_ERFOR Sd%( SLOT=2, REGISTER= 103]

920 |IGDEF CMIL_FB SJ%] BLOT =2, REGISTER = 104]

930 |IODEF FLD_DELTAR SLOT =2, REGIETER = 107]

940 |ODEF FLD 1 FB_Sd%([ SEOT =2, REGISTER = 108]

1029 | output bocdeans (Trom mpd);

1100 1QDEF FLD QKiE( SLOT=2 BEGISTER = 40, BIT - 2|
1110 1QDEF SEQ_ARM_PERRME SLOT=2, REGISTER = 404, EIT ~ 9
1120 1QDEF SEQ FLD PERME ELOT=2. REGISTER = 4D{, BIT = 10]
113 |ODEF 3EQ AUNMINGIE] SL0T=2. REGISTER= 400, BIT = 13]
1140 10DEF IN_RAUNPERL &[] SLOT=2, REGISTER= £01, BIT = §]

1180 I0DEF DRIVE_FALILTE] £107 =2 RSQISTER= 474, BT = 7] :I FLT_CANE_FALLT:
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1299 1 Misoalaneous

2000 MEMDEF UPDATE_ENABLES
2010 MEMDEF INITIALIZEDE
2020 MEMDEF LINK_Dk2

2030 MEMDEF HSL_RESET@E:
2040 MEMDEF HEL READY@
2020 MEMDEF MP3_RUNPERME
edell MEMDEF DEVRRE

2070 MEMDEF RUM@

2 speed loop updates enabled status
21 hal input varable nitializaton stakls
A hal link operational states

2 user link resset request

21 Bnd ready for real-teme dets transfer
‘| dhriver run penmiEsive status

1 drive run reday

2l user nun reduest

INTERLOCHK LINGIC {TASK IEDCK, PC):

The PC task which confrols imerlocking should include ihe following
s=quences. (The esquences shown here are universal and may be
uzad for any HEL application azsuming that the appropriate definitions
hanva bean included in the configuration teek as Bustrated praviously].

L L CLAANT
ASTIVE  EPm che B9 LK O
. N . i Y §
—.E L e
BYS._
LIFCATE_ R3L_ CRVE_ S5 INIT_ MF3_
URIK_ D4 Enddpl e RERDY EALLT SELITLIM Faill LT =2
—] F—3F ; [ ; u P ; i : m [ PR :,
L - L ] 4L 'L ; L e b

LINK_QKE will be active whenever the physical HSL link i aclive, &
valid comfiguralion is in place and all lalched ermors ara clearad. This
boalean s wsed by e speed icap and the link resstart k.

MP3_RUNPERME: shoudd be fncluded in the nun permissive atring or
the MaxPsak [l drive. For example:

BRI
ALY ALNFERMK DFVAR

il i { )

T

DRVAR will typically be Lzad to enabea execution of lhe spoed 100D
blocks (excapt for the updale requast block as described under
SPEED LOOP fatar i this secton] and 1o anable the MaxPak [ drive
SCOUeRcE run input {SEQ_RUNGD as shown below:

CSYAR SE0_AUM
] E— ()

413




494

*

SPEED LOQP (TASK SPEELLBLK):

The speed oop sk must start every 22 milliseconds (Forty-four 0.5
milksecond ticks) and generste both CML_REF% and speed feadback
(L2 FEEDBACKS:). Tha latter are calculated basad on data read fram
e resolves. Tha epead Iaop must also exoculs a block which causes
on update reqguest (declimal 128) 1o be written o CMD_REG%
icommard register 30}, provided UPDATE EMABLE®R hps bean
asseried by the HEL_RAUN task and LINK_OK@E has been assered by
the interock Jogic. Thiz can be accomplished in bwio blocks as shown
faszume that UPDATE®: has bean defined as a kocal variable):

2000 CALL AMD| INFUT = LINK_OKE, A
INPUTZ = UPDATE_ENABLE®E, &
OUTPUT = UPDATER)

20M0 CALLEWITCH{  INPUTA = 128, &
INPUT2 = GMD_REG™., &
SELECT = UPDATE®, &
DUTRUT = CMD_REG%)

IIIEI.I"I"I

21

230

To insure that the update request iz whitten o the command reglster
only after CML_REF%: and L2 FEEDBACK % have been updated, the
CMD_REG% MUST ba the |last ragister wilttan. This is accomplished
oy mieking CMD_REG%: the last defirad COMMON a3 follows:

COMMON UPDATE ENABLER

CORMMON LINK_CHid
COMMON CHWD AEG% ! must be last dedired common

LOCAL UFDATER



Finally, on completion the speed Ioop must start tha link restart task
I;HSL_HLIJ'-.I}. which shauld ba synchronized 1o i for proper
transmission timing. This is acootrplished by defining an exvent
indicating that the speed Ioop is done and setting that event st prior
o exit as shown:

&

200 EVENT MAME = 3L DONE 2 spweed Jety done
L]
L]

4000 SET SL_DONE
4010 END

415
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LINK RESTART (TASK HEL_RUN.BAS):

This 1ask is responsible for praparfmg the HSL Vink and the MaxPak 11
chrive for real-ttme data transfer. This well happan after g Start All snd
sach titrs e comitdn variable HEL RESETE iz assartad.

HEL RESETE will rernain OM while the task executes then will
autcmatically be shut OFF on completon (approdimetely 5 o B
seconds after start), f the task has executed succasafidly, the common
varizble HSL_READYE: will e set OM at this tine, otherwiae it wil
recnain OFF HSL . READY @ is uzed by the interock logie to ganerate
MP3_RUMPERME, the MaxPak Ill drive run penmissive indicator.

Early in ite execution, thiz task resefs the variabie INITIALIZECHS 1o
OFF which In tum cavees the intialization task (HSL INIT) to sat al
HSL nput variables to their epproprigte values. When the initializallon
tazk auccesstully completes, it sats INITIALIZEDE bxck ON. The bk
restar task checks INITIALIZED @ later in execution prior to enabllng
update requests. i IMITIALIZED®: is =till QFF, the process is aborted
and update requests remaln disabled,

WARNING

ALL HSL INFUT VARIABLE: MUST BE INITIALIZED TO APPROPRIATE VAL-
UES PRIOR TO SENDING UPDATE MESSAGES. FAILURE TO OBSERVE
THIS PRECAUTION COULD RESULT IN BCDILY INJURY.

O oo
010
20
L H) ¥
030
a0a4n
anisn
amiEd

Qovea
O0EC0

O0es
gt0oea
Qim0

The task ks bsted below. |t may be used in any HSL applicatlon which
Irctrdes corfiguration, speed loop, inifislizetion and imeriook taske
adhering o the quidelines detalled ttrowghout thie discussion. The
only appecaiion-dependent modifications reduired are to the duatHport
caonfiguration register values [registars 70-31] In lines 2000 to 2050,
MOTE, HOWEVER, THAT THIS TASK DOES MOT TAKE THE DRAVE
QFEFUNE AND THEREFDRE DOES RWOT ALLCW THE
TRANSMESSION OF ANY OFFLINE VARIABLES. [If for any reassn it
should become necessary lo intiafize offline variabies, the procedure
i Appendix J can be followed, regardiese of whether HSL_RUN BAS
Iz stalled or not.)

D Sommans:

COMMON LINK OKiz, LINK_ACTIVER, COMM_ERRE, CNF EBRE
COMMON CMD_REG%. TX_ACTWER, COMM RESET@
COMMON INPUT_INTS%, INPUT_BOODLS%

COMMON OUTPUT_INTS%, OUTPUT BOOLS%

COMMON TICKS, TIMEDUTS

COMMON UPDATE_ENABLE®, INTIALIZED@

COHMMON HSL_RESET@, H3L_READY:E

COMMON FLT _AESET@. DRVE_FAULTE

EVENT NAKE = 3L DOKNE ! apeed Ipop done indicator

 set H3L RESETE QM after “Start AlI" anky
H5L _RESET@E: = ON

| program keop: wait for HSL_RESETE: to go ON:
WAIT ON 5L DOME
tE MOT HEL RESET:E THEN 14004




ke
01106
01114
01120
130

150
020

nzse
01300
01310
01320
01330
01340

01380
01360

A pkeir.
LRI
a=014a
o=2020

0E0Ed
02070

02354
0300
ajeagly

03100
03110
03120

03130

C31am
300
faz10
Lz

(a0

DG

D4ag9
DE000
Da010

Caoa9

I raget requested - shut off all cufputs:

UPDATE_EMABLE@ - OFF ! siop update message tonsmissiong

HEL AEADYE = OFF

INITIALIZED@ ~ OFF *! efart initializaion task

WAIT DN SL_DONE 1 allew =5t update message 1o &
complets (if presert)

Fweait for link o0 oo active:
IF HOT LINK_ACTIVE®E THEN DELAY 10 TICKS, GOTC 1200

! plear cormim ermors # they ek
IF NOT COMM_ERRE THEN 200D

COMM_RESET® = OFF ! itsure thel up-transition is detsatad

DELAY 10 TICKS

COMM_RESET@ = ON

DELAY 100 TICKS ! allew CMD_REG% 40 clear f request &
was latchad

COMM _RESET@ « OFF
IF COMM_ERR:E THEN 500 ! if camm ermor remalns, abort

I ganfigura link:

NPT INTS% « 33 || the velues n lnes 2000 - 2050
INPUT_BODLE% = B 1 will vary from cme application
OUTPUT INTS%: = 9 1t the nasd,

OUTPUT BOOLS% = 24

TICKIo, = 44 144 * 0.5 mz = 22 ms scan loop
TIMEQUT % = 435 Jd(E* 12 BCAN PERIOD%) + 5
ChMO REGS = 4 Jiszue configure request

DELAY 100 TICKS Jallow configure to complats

| abart i ik failure or infislization failure:
IF HOT LINH_I:FPL@ THEN S003
IF NOT INITIAUZESE THEN SDA0

| aend all hslamapped vansbles to the MaxPak [

UPDATE EMABLED = ON ! stard speed Inop sending updates

FLT_RESETZ = {IFF ' make sure FLT_RESET@ is OFF

DELAY 3 SECONDS 1 allow dme for all variables &
1o reach MaxPak 1

IF NOT LIME_ ORGE THEN 5000

! reset drive fault if present;

IF NOT DRIVE_FALILTE THEMN 4000

FLT_RESET(D = ON

DELAY 3 SECONDS | allowe fime for FLT_BESETE to &
reach MaxPak il

FLT_RESET® = OFF
IF NOT LINK_Q@ THEN SO0

| succaseful - enabls HSL

HSL READY@ = ON

| clear HEL_RESETI® and repeat:
HSL_RESET@ = OFF

GOTO 1000

EMD
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INITIALFZATION TASK {TASK HEL_INITBAS):

The infialization task wiitss appropriate values to sl HSL input
variabhas. |t does this each tirme the link restart task resets tie variable
INITHALIZED @ to GFF On complhetion, the initislization task sets
INITHLIZED @ back €.

WARNING

ALL HEL INPUT VARIABLES MUST BE INITIALIZED TO APPROPRIATE VAL-
UEZ PRIOR TO SENDING UPDATE MESSAGES. FAILURE TO OBSERVE
THIZ PRECAUTION COULD RESULT I BODILY INJURY.

100 COMMON [NITIALZEDE

108 | hed Input vatiahles:

110 COMMON CML REF%, FLD |_REF%, L= FEEDBACKY%

120 COMMOR CML_ADAPT_GAIN®, CML_CT THR%, CML_FB GAIN%
130 COMMON CML_PI_KP%, CML_PI_WLD%, CML RATE OM%E

140  COMMON FLD ECON HEF% FLD_ECON DLY T%

150  COMMON FLD IREF_LIM Hi%., FLD_JREF_LIM LO%

180  COMMON FLD_I_FB MULS:, FLD | PI_KF3, FLD 1 Pl WLD%

170 COMMON SEQ_DRIVE_EN@, FLT RESET®@, SEQ_RUN@

0269 ! walt for INITIALIZEDIE: to go OFF:
1060 |F INITIALZEDE THEM I:TIEI._.-E'."Ir 10 TICKS: GOTO 1000

1089 Fintiakze & ksl input vanables: 11D0CML REF% =0

1280  SEQ RUNG = OFF

1289 ! set INTHALIZEDE ON and repaat
2000 [NITIALKZEDE = ON
2010 QOTD 10400

3 END

Determining AutoMax DES to
MaxPak 11t Drive |nformation Lipdate Rate;

At 44 ticks of 0.5 milllseconds, the update rate for ficed megers and
Ecclaans being sert to the MaxPak (Il dive (3 44 x 0.5 = 22
millizecords, Since at 44 ficks thers are 15 fixed IMntager registers and
3 fixed bookean registers (48 boolean variables), the Input integers up
to ML GAIN O IN% (HEL_IN_INT_D17} are fived a5 are all baolsans,
Thus all of these variables will be updated every 22 millseconds.

Tna "high priodty” register (HEL IM_INT 000, CML_REF%:) is 8 special
case |n that the MasPak || drive will use The value of thia register
irmediataly Upon raceipt without waiting 1o recelve tha remaining
fooed registars.

The information update interval for the remaming integers can be
determined as follows:

From Takde 2-1;
MFl = 13
MFE =3
EEPM = 28
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4.5.2

T = A3 (Ragiater 73 =
TE = MG = 1 (rounded up} (Reglster 76 = B)

FIPM = MFI = 12 {MFl < TI}

FEPM = TH = 1{TE = MFE}

MuRPM = 28-18-1 = H (8=31}

IMPC = {33-18)/(5) = 15/ = Z [roundad up)
BMEC = {1-1)/(%) = O

MPC+-24+D0=2
Information Updale nlerval = 2 * 44 * 0.5 = 44 milseconds

Thus e Input integers from L2 REFA% through FLD 1 P WLD % wil
be updated every 44 milliseconds.

Determining MaxFak 11l Driva to
AuteMax DG5S Informadon Update Hate:

At L2 SCAN PERIOD % = 20. there are 16 fixed Integer registers and
3 fixed boolean ragistars (48 boolean varables). Since the total
mumber of output integers iz only 9 and the total number of cutput
booleans is only 24, all booleenz and imtegers will be fised (there will
be no mutipkexing). Thus, all culput integers and boolsans will be
updated every L2 SCAN PERIOD % (20 milks=cands},

Sirnce Mulibus mtettupls are not enabled, there will be no functional
difference between the “high priarty” registers and the other fxed
ragisters (eee Example #2 in this manual Tor & Mutibus driven
aprEcation).

Example #2

Problam:

Same as exarmgle 1, but this fime use the mulibus et eapahibity
(speed feadback directly to the drive via pulse tach) and a cestom
HSL register nnap.

Since the speed loop will e tiggered off the multibus Intesrupl,
ChL REF%S% will be sant to the drive each time an interrupt ocoLys.
Thiz time imerval 13 detarmined by the L2 SCAN PERIOD of the
drive, resuiting in a speed Ivop =can perod of 20 milkseconds.

MaxPak I} Drive Configuration:

Conilgura the MaxPak (1] drive tor:

HSL ENASLER = OM

HEL TIMEOQOLT _T% = 50 [[7 * speed loop scan pericd) + 10
L2 EXECUTE _EM@ = OFF

ML EXECUTE EN@ = OFF

RD EXECUTE EN@ = OFF

L3 EXECUTE ENE = OFF

L2 SCAN_FERIOD% = 20

[L2 FEEDBACKS:| = PT_SPEED FB%
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HSL_IN_INT 000 = CML_RAEF%

HEL IN_INT_aD1 = FLD I_REF%
HELN INT 002 — GML_ADAPT GAIN%
HSLN_INT 003 = CML GG THR%:
HSLIN_INT 004 = CML_FB GAIN%
HEL N INT 005 ~ CML_FI_KP%
HSLIWTINT 005 = CML_PIWLD%
HSLIN_INT 007 = CML_RATE HM%
HSLIN_INT 008 = FLD ECON REF%
HSLIN_INT 008 = FLD ECON_DLY T2
HSLIN_INT (MG = FLD_IREF [IM _HI%
MELIM_INT 011 = FLD_IREF LM LD%
HEL N INT M2 = FLD ! FB MULS:
HELIN INT G013 = FLD | PIKP%
HESLININT 014 = FLD | PLWLD%
HSL_IN_BOCL_000 = SEG _DANVE EN
HSL_IN_BOOL 001 = SEQ RUNE
HSL_IN_BOOL 002 = FLT_AESET@
HSL_OUT INT (00 = PT SPEED FB%
HSL OUTINT 001 = CML REF 34%
HSL_DUT INT 02 = CML_ERACR SJ%
HSL_OUT INT 03 = CML FB 8I%
HEL_DUT INT 004 = FLD DECTA%
HSL_OUT INT 005 = FLD ) FB 8J%

HSL_OUT_BOOL D00 = FLD_OK®@
HSL_OUT BOOL DOt = SEQ ARM_PERME
HSL_OUT_ BOOL DIz = SEQ_FLD_PERME@
HSL OUT BOOL 02 = SEQ RUNNINGE
HSL_OUT BOQL 004 = IN_AUINPERME
HSL_OUT BDOL_ 005 = FLT DRANVE FALLTG

Note: In additon, aach HEL integer or boalean having a
comespanding node must be asslgned 1o that node (e.g.
[CML REF%] =CML REF%)

MNaole thet the HEL_TIMEOUT T% has been changed 1o reflect the naw
imemupt-hased speed koop soan perlod. The only other diferenoes
Iram the previgus example, gther than the addition of custom HSL
definitions, & the mapping of [L2 FEEDBACKS] to PT_SPEED FE%
[speect feadbeck now comes directy from the puise fach) and the
asslgninant of FT_SPEED FB% fa an HEL “high-prionity™ output
integer (o be used by the AutoMax epesd loop).

Confyjuralion Task:

A minirnum configuration task for thiz example iz lizted below. The fask
is writhen under the assumplion that the procezece card resides in Slot
0 and the HEL moduie in Slot 2. Nota that thiz l2iing shaws only those
cefintions relating to the H3L, a real eanfiguration task will ragulre
ofher definfions as well.

Mote thal in line 1150, the MaxPak I} drive varable
FLT_DRIVE_FAULTE is IODEF'd as DRIVE_FAULTE. This name
changs tackitates the usa of thiz variable in ladder tashs, which do not
sUppof the iongar Bame.



Thea appfcation fazks listed hersdn are described later in thils section.

10 TASKILOCK[ TYPE=FC. PRIORITY = 6. SLOT=0] - intortock lagic
20 TASKSPEED[ TYPE~CONTROL PRIORITY = 4, SLOT=0] :| speed loop
M TASK HSL RUN[TYPE=BASIC. PRIORITY= 5, SLOT=0] ! link restart task

40 TASKHSL_INITE TYPE=BASIC.  PRIORITY =10, SLOT w 0] ¢! Intislization task

o9 ! commandistatie redgisters:

00 1ODEF H3L PSCR%] BLOT=2, AREGISTER = O]

110 [ODEF LINK_ACTIE®] SLOT=2, AEGIETER = 4, BIT = 0]
120 |ODEF COMM_ERRS%] SLOT =2, REGIZTER = 26]

130 |10ODEF COMM_ERRAS| SLOT=2, REGISTER=26, BIT=15]
140 FODEF CNF_EARS%[ SLOT =2, HEGISTER=27]

150 HODEF ChF_ERRE] SLOT =2, REGISTER =27, BIT =15]
160 [ODEF MP3_STATUS%:[ SLOT =2, REGISTER =28]

170 IODEF 8YS INYT_FAIL@f
180  IODEF 8v5_SHUTDOWNG]
180 IODEF TX_ACTIVE@([

200 IODEF CMD_REGS:]

210 10DEF COMM_RESET@]
220 10DEF INPUT INTS%]

230 10DEF INFUT_BOOLS %]
240 IODEF QUTPUT INTSS%]
25¢ IODEF QUTPUT BOOLS%|
a0 HODEF TIMEQUT %]

270 I0DEE TICKS %]

398 ! input integers {to mp3):

400 |0ODEF CML REFT[

410 |0DEF FLD | BEF3%([

420 |ODEF CML ADAPT GAIMS|
430 ODEF CML_CC THR%|
440 JODEF CML_FB GAINS[
450 IODEF CMIL_P1_KP%[

460 IODEF CML_PIWLD%[

470 I0DEF GML_RATE LIM%|
480 I00EF FLD ECON _AEF%[
400 HODEF FLO ECON DLY T%(
A HODEF FLO IREF_LIM_HI%:[
510 ODEF FLD IREF LIM_LO%%[
520 FODEF FLD_|_FB MUL%[
530 [ODEF FLD_|_PL_KP%]

540 [ODEF FLD | Pl WLD %[

6599 | input bocleans o mp3);
700 IDDEF ZEG DRIVE BRG]
710 I0DEF SEQ RUME|

720 10DEF FLF_RESET@&[

B2 | putput inteqars {from mp3):
LS00 I0DEF PT_SPESED FE%[
wd  I0DEF EHL REF_ZJ%(

2] I0DEF CM L_E HEDH_SJ%]
830 10DEF CML_FB_SJ%[

940 MODEF FLD ﬂELT."l.%[

950 |ODEF FLD | FB Sd%|

1059 Toutput bookeans (from mpdi:

SLOT =2, AEGISTER =28, BIT = 5]
SLOT =2, AEGISTER =28, BIT = §]
SLOT=2. REGISTER= 249, BIT = 0]
SLOT=2. REGISTER = 30]
SLOT=2. REGISTER= 31, BIT= 0}
SLOT=2. REGISTER = T0]
SLOT=2, REGISTER=T1]
SLOT=2, REGISTER=T5]
SLOT=2, REGISTER = T7E]
SLOT=2, REGISTER = 80]
SLOT =2, REGISTER = 51]

SLOT =2, REGISTER = 1100]
SLOT=2, REGISTEA =1101]
SLOT =2, REGISTEA = 1102]
SLOT - 2, REGISTEA = 1103]
BLOT =2, REGISTER = 1104]
SLOT=2, REGISTER = 1105]
3LOT=2, REGISTER = 1106]
SLOT=2, REGISTER = 1147]
SL.OT =2, REGISTER = 1108]
S10T=2, REGISTER = 1109]
SLOT =&, REGISTER=1110]
SLOT =2, REGISTER=1111]
SLOT -2 REGIETER=1112]
SLOT=2, REGISTER=1113]
SLOT=2, REGISTER=1114]

ZLOT - 2, REGISTER = 1400, BIT = ]
SLOT -2, AEGISTER = 1410, BIT = 1]
SLOT -2, AEGISTER - 140, BIT = 3]

SLOT=2, HEGISTER = 10{}
SLO0T =2, REGISTER= 101]
SLOT=2, REGISTER = 10%]
SLOT=2, REGISTER= 103]
SLOT=2, REGIZTER= 104]
SLOT=2, REGISTER = 103]
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1100
1110
1120
1130
1140
1180

1994
2010
2020

2030
2040

2070

422

IQDEF FLD_Qkm| SlAT=2 REGISTER= 400, BIT= [
IODEF SE-D_AHM_PEHM@[ SLOT=2, REGISTER= 400, BIT= 1]
ICDEF SEQ FLD PERM@f SLOT -2 REGISTER = 400, BIT= 2]
IQDEF SEQ_RUNKNIMGE] SLOT=E, REGISTER= 400, BiT= 3]
IODEF IN_ RUNPERMIE] SLOT =2, AEGISTER= 400, BIT= 43
1ODEF DRIVE_FAULT @ BLOT=2, AEGISTER = 40K, BIT= 5] :| FLT_DAIVE_SauLlgp
| Misellarmcds

MEMDEF UPDATE ENABLEE 1 speed loop updates shabled statis
MEMDEF INITIALZECHE 1 el input variable initiallzation status
MEMDEF LINK_OK@E J b link operational status

MEMDEF HSL RESET®@ Juser link reset request

MEMDEF H5L_READYE Jlink readhy for real-time data transfer
MEMDEF MF3 _RLUINFERM @ ! drive nun permissive status
MEMDEF DRYRRAE: | drive run relay

MEMDEF RUN@@ ;1 usar run request

Mote that this configuration task deletes |2 FEEDBACKS as an Imput
integer and adds FT_SPEED_FB% &s an oLtput integer. Redlste:
numbers and bit numbers have also been changed to comespond to
the new MaxPak [I! drive ragister map. In addition, the varable
HSL_I1SCR%: has been added end assigned o Register 0 of the HSL
motlube. Thig is the Intarrupt states ated control register via which the
HSL rodule will ntenet te ALtohax prooedsane

INTERLGCK LOGIC (TASK ILOCK.PC):
The nteriock logic will be identical to that of the first example.

SPEED LOOP (TASK SPEED.BLK):

The speed Ioop for this configuration is idemical o that of the previous
example except het epeed foedback is taken from the varable
FT_SPEED_FB% &s read fram the HSL moduls (52 opposed o the
previous example whers speed feadback was calculatsd fram reeohver
input and written to te HEL module]. Also the speed Ioop |5 drivan off
the intermupt from the HSL module, This is accomplished by defining a
hardiware event [oafled START_TASK in this example} and using itto
trigger the scan [nop ez follows:

MO00 EVENT NAME = START_TASK, INTERRUPT_STATUS=HS5L ISCR%. &

L]

L]

TIMEQUT =ISABELED

02000 CALL SUAN LODR TICKE =4, EYENT =5TART_TASK )

L]

Woda that fsarcware timeout detection is disabled sines tmoouts arg
automatically dotected in sofwarn by the HSL protocol. Also noks that
the ZOAN LOOP block must st define a tick interval, which should bea
chasen io be 35 close as possible to the MaxPak 1] driva

L2 SCAN PERMOD .



2000
2o
D2l=n
20D
DD
2050

LINK RESTART (TASK HSL_RUN.BAS):

The fink restar task is identical ta that of the previous except tor the
configuration redistar values in lines 2000 - 2050

INPUT INTS% = 15

IMFUT BOQLS%: =

QUIFPUT _[NTS% = &

OUTPLT BOOLS% = &

TICKE®: = 40 140 * 0.5 me = 20 ms scan loop
TIMEOUTS: = 45 2t 12 SCAN PERIQDS) + &

INMITIALIZATION (TASK HSL_INITBAS):

The Inltallzalion tesk for this example is dertieal o that of e previcus
except that L=_FEEDBACKY, which is no bonger an HSL input
variable, iz omithed.

Determining AudoMax DCS 1o
MaxPak Il Drlve Information Update Rate:

By defining 8 custom H2L reglster map in the MaxPak (I drive, the
hurmiber of inplt imegers has been reducad o 15 and input boolaans
o 3. However, since the TICKS count written to Register 81 has
decraased 1o 40, the number of Tegictars sent per soan has aleo basn
redlcad. At 40 mz, up to O fived integer registars and 3 fixed boolean
teglstare (48 beolean varables) are alowed. This means that the fikst 9
integer registers (CML_REF% through FLD ECOM_REF%:) and sl
boclzan vanables wil e sent every 20 milliseconds {Snce thig iz the
peried of the hardware event driving the speed loop). The “high
prionty” regizter {HZL_IM_INT 004 iz & special case in that the
MaxPak: 111 drive will use this register immediately upon receipt withowt
walling 10 recalve the remaining fixed registers. The information update
intenval for the remaining 4 integer registers is calculated as follows:

Fram Taekle 2-1;
bAF; -- 8
MFB = 3
MBFM = 17

n=1& {Register 75 - 15)
TE - 31E = 1 {rounded up) (Regisler TE = 3)

RPN = MFl = & [MFl = T1)

FEPM = TB = 1 (T8 < ME®)

MuRFM = 17-8-1 = T (T = 31}

IMPC = [15-9)47) = 67 = 1 {rounded up)
BMPS = (1-1)(7) = 0

MPC=1+D-=1
Information Update Interval - 1 * 40 * .5 = 20 milllseconds

Thus, the Input integers from FLD ECON_DLY T% through
FLD_| Pl WLD% will be updated every 20 millasconds. Mote that In
this case, the update interval for muliiplexed intagers has been
reduced to equal that of fixed integers. This demensirstes a potentad
advartage of using = sustom HSL register map over the default map: It
often will reduea the information update Intarval of multiplexed

vanables.
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Determining MaxPak Il Drive ta
AutoMax DCE Intormation Update Rate:

As in the case of Inpul variables, use of the eustom HIL reglster tmap
hazs alsq reduced tha number of cutpul variables. Therefare, since
thare were no multiplexed cutpe! registers in the pravious example,
there will ba fone i this case. Thus, all outout inteqers and booleans
will be updated evary L2 SCAN_PERIOD (20 milliseconds).

However, elnce Mufiibus intermupts are enabled in this example, the
“high priornty” reglaters (HSL_QUT_INT_000 and HSL_OUT_INT 001,
FT_3PEED FE% and CMEL_REF 509 have special significance. Thay
wiHl calese o Mulbus Irberrupt to be generated immediately upon thelr
receipt. This allows thesa registars o be promptly processed by the
apeed keop without having to wall for the remaining flved registers to
be recahed,
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5.0

9.1

8.2

5.2.1

MESSAGE
COMMUNICATION ERRORS

There are four possible message communleation etrors. al of which
the HSL module will tecognize and take approprate action on. They
are! fnegsage verincation emors, transmit overap ermrs, receive
oveflap arrars, imeowd ermom, message not received emoes, and imyalid
oparalion arvors, Tha firsl feur of theas errgr condilicne are also
recognizad by the MaxPak ifl drive,

Message Verification Errors

A messane vetflcation arror 2 detectsd | alther of the fwo separate
cheoksums do not verify. Also, the transcever lardwara on each ard
of the link will verify that there are no framing, overmun, or parity errors
that ooowmed within each message. If ether software or hardware
erttrz are detected by efher side of the ok, the meseage will e
marked as imeatid and jgnored.

Transmit Overlap Errors

A eommunication OYERLAF coours when the transmiting device

attarnpts fo zand & Nnew messags prior 1o completion of the previcus
rreszage ransfar,

AutcMax BCS to MaxPak Il Drive Transmit Overdap

Cverlap 5 detected by the HEL modide when the AutoMax processor
board eete dual part REGISTER 30 before it ie finished tranemitting the
preceding meezage. I thiz oceurs, the folowing will result:

a] The OVEELAP emor bit fiag will be set in diral port REGISTER 26
kit 1,

B The message currsnlly baing fransmittad is halted and no more
Tanstlzslons may commence. This will evantusly cause tha
MaxPak [ drive 10 excesd e tmecut pedod and pertoemn a fauit
stop sequence 1o stop the amaturs.

Thiz ig & leiched faudlt condiion. To clesr this fault condifion:

a] The communication errar resat, BEGISTER 21, must be asgerded
for a minlmurm tme petlod of 50 millissconds.

Mote: The error reset command will anly be effective for an off 1o on
fransiticn.
Overap may be prevented by Insuring that the TRANSMIT ACTIVE bit

fiag i dual port REGISTER 22 (5 2ot and Reglster 30 is emptly, befora
writing to REGISTER 20 for a TRANSMIT REQUEST.

An WERLAF emror does not affect messages from the MaxPak 111 drive
3 the AutoMsex DS, The HSL. module will condinue to accept and
process freteived messages.
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Emor REGISTER 25 ia provided for use by the applicalions engineer in
detwiaging. Typicalyy, during tesk development, the HSL module wil
ghut the drive down. Thie bif, alorg with other infarmetion, iz used to
tall W angirwat why e dive was shutdown {ia. becatse tha HSL
module stopped fransmitting due to an OVERLAP emcr).

flso, by detocting the OVERLAP In the HSL meduls, an application
rurming a speed loop will rot have to check for cvetap. The task will
simply st the wiite request bit in REGISTER 30 and continue. A kddat
Iogic: task will typically be running foaking st the emor bits such as
WERLAF TYMECWIT, apd CONFIG emrors,

THE USER MUST PROVIDE A TASK. TO SHUT DOWHN THE ENTIRE 5YSTEM
IN AN ORDERLY FASHION IN THE ADYENT OF A FAULT ON THE HEL CARD.
FAILURE TO OBSERYE THIZ PRECAUTION COULD RESULT IN BODILY IN-

JURY.

WARNING

5.2.2

5.3

5.3.1

The OVERLAP arrcr will normeally not be an asmor displayed on a user
consale.

Lastly, after the applications fasks have been debugged, the OVEHLAP
amgr nonmaly should rol oecur

MaxPak Il Drive t¢ AutoMax DCS Transmit Overdap

Lincer mommal operation this ermor shousd never acour, However, if tha
MaxFak [l drive detecte an overisp condition, an OYERLAF fautt
results and the folltnwing eclion is takan:

al Anemror iz logged and displayved 1o the cn-board display.
bl A drive faull siop sequence iz inifiated 1o stop the amaturs.

2y The MaePak 1l drive wilk contnue t fansmit formation 13 the
ALteMayx DCS as nomnal, 5o the Autohax DCS may Interrogate the
ot conditions. Any message 1o be sent prior to complaetion of
previous messages will not be sert. This permits every other
fransmission attempt 1o e sent, assuming a message will
compete within 2 scans.

Owerap k= & latched fault condifion which is treated miuch the same as
a timecut tault. To clear this fault condition:

a) A drive fault rezet (FLT_RESETE) marst be pariummed,

Receive Overtap Errors

A Receive cverap erdl ooourse wWhen 2 or moTfe New Messsges are
retefsad Befara an older messags may be procaszed. Ih this case,
thers |e no prace to put the new fmessage.

AutoMax DCS Receive Overlap
If & receive cyatap aoours on tha AutoMax DES, the fallawing will
=]k

&) The recefve overlap error bit flag will be setin dual port REGISTER
26 bit 2.



5.3.2

5.4

5.4.1

bl Mo more messages may be fransmitted to the MaxPak 1l drive,
Thiz will eventyally cause the MaxPak ill to exceed s timeout

paricd and patfotm a fault stop sequence 1o 5o e amature,
The MaxPak Il drive will stop sshding updates to the HSL madule,
thus causing 1he HSL module o excesd k2 timeout period,

Thiz iz & latched feult condition. To clear thde fault condifion:

a) The communloaticn arror raset, REGISTER 31, must be asserted
for a mininumm time petiod 50 millizeconds,

Note: The error resat commend will only be affective for an off 1o on
Transition.

MaxPak HI Drive Receive Cverlap

tf a recabve dvetap aceurs ot the MaxPak IH drive, the folkuwing will
eyt

gl Anermor i logged and displayed on the an-board display.

b A drive fault slop sequence is initiated to stop the armehee,

o) The MaxFak I drive stops tranemitting updates and waits for a
valid connect.

Ouedlap b2 a latehed fault condiion which is freated much the same as
& tirmacut faull To olaar thia laul condition:

a] A drive fault reset (FLT _RESETE] must ba perfomned.

Timeowt

The meximum time allowed between the recalpd of any two
coneecutiva valid mesaages iz configurable al both enda of the ink,
indepandently.

AutoMax to MaxPak lll Drive Timeout
[(2 x AutoMax DCS Scan Period) + 10]

If the MaxPak || drive does not receive a valid message within the
vanfigursd Hmeout pedod after the last valid message, a TIMEQOLIT
fauft results. M thie ocours:

ar Amermor s logged and displayed on 1e on-board display.

b A driva fault stop sequence s initizted to slop the armature.

e} HSL_TIMEOUT_Ef@ ls setresst to reflect the dynamie stale of the
tienecut cotdition. IE It exizte, HSL_TIMEOUT B wil be st After

a valld confiect has been received, HSL_TIMEQUT B will be
raset.

d] The MaxPsk HI drive stops transmiting updates and waits for a
il conrect
This Iz a latched fault condition, To ckear this fault condition:

a] The link must be re-establizhad sush thet & valid daia message Is
received by the AutoMax BCS.

b) A drive faut reset (FLT_RESETE) must be performed, If a drive
fault razed iz petformed before the link s re-astablished, the fault
will be immediataly latched again.



5.4.2

5.5

5.6

MaxPak IIf to AutoMeax Timeout
[{2 x MaxPak li's L2_SCAN_PERIOD%) + 5]

If the HSL module does not racaive 8 valid maessage within the

eotfigunsd fimecut perod after the last velid message, a TIMEQUT
fault results. H Wils coowrs;

al A TIMEOUT ecrgr flag will be set in dual pon REGHSTER 25 kit 0

B] The megsage currenty being transmittad is hatted a2nd no morme
transmissions may commence. This wil everdually cause the
MazxPak 1l drive o exceed s timeout perod and perform a fawutt
stop sequence 10 stop e anmature.

£} LINK ACTIVE, REGISTER 4 bit U, will be reset and the G will be
disphayed on the F-segment LED.
Thig f2 a latched fault concditon. To clear this fault condition:

a] The link must be re-established such that a vaid data meessge is
received from the MaxPak 1 drive. NOTE: receiving a valic
message will sst LINK ACTIVE (REGISTER 4 bit 0, TRUE].

b} The communication errar resel, REGISTER 31. must be assened
for & minimum ime perlod of 50 milfiseconds. | the fautt reset is
periemmed while the link ls not active, the reset will have no effect.

Mote: The errar rescel command will oniy be effective for an off 13 on
Fansiticn.

Message Not Received Errors

A message mot recelved smoe ogours when a configure, 2 #tatus
change {Lf-Line to On-Lne and vice-versa) or an Off-Line updse i
aenl ko the MaxPak Il drive and no acknowledgement |s racaived,

If & message not recelved amor oceurs, the following will resutt:

a) The message not received emor bit f2g wil be st in dual port
registar 26 bit 3.

B) N more messadas tnay ba fransmitted or recaived ofrom the
MeaxPak 1 drive. This will svantually cause the MaxPak 1l drive 1o

euceed itz imeout period and parferm & fault stop saquence o
=top the armature.

This is a latehed faull congition, To clear this fault condition:

8] The communicaticn errar resat REGISTER 31, rmiusl be asserted
for & minimuim time period af 50 mSeq.

NHote: The error maet command will only be efiegiive for an off © on
Tansition.

Invalid Operation Errors

If the wsar stempts cerain operaons while the amnature is active, an
Irealid oparation emror ooours. Inwvalid operstions include:

a) attemping to send s request to go Of-Line
by aftemnpiing to send a configura request



Il an invalid operation amor occurs. the tallowing will result:
a}  The Ialid enerotion error will be et In dual port reglster 26 bit 4.

Mo fore messsnes mey ba tranemitted or received to/from the
MaxPalk Il drive, Thiz will eventually calse the MaxPak I dive to

exceed iz imeowt perlod and perform a fault siop sequence o stop
the armailra.

This iz 8 letehed fault eondition. To clear this fawlt condition

8] The commumnication emor reset, BEGISTER 31, must ba assertad
for @ minimuwm fime pariod of 50 mitseconds.

Mote: The error reset command will anly be effeclive for an off 10 oh
transition.

5.5



6.0

CONFIGURATION ERRORS

A corfiguration error occurs when one of more carfiguration registers
{F0-21) contaln Invalld values. As a result, only additional
corfigurstion/connect messages may ba gent to the MaxPak [ drive.
The configuration emor will be latched In Begizter 27 {zee Section
22121 for detsds). o comect the sonfiguration eirorn, place the
corracl vales in Reglsiees T0-81 and write a 4 1o Ragister 30, Onoe
the user corrects the conliquration amor, message transmission may
Pe resumed, assuming the apolleaton software haz Ingic to restart the
link, o HSL madule time-out. The HSL module will not modity values
in REGISTER 7 - 81 =0 the user may 2= which REGISTERS are In
BT

Note: Becehing a conflguraton eommand from the HSL modula wil
cause the MaxPak [ dvive o disable itz imeout function.

Mote: Il a communicaton smor s simultaneousty latshed in Register
26, ther efror mikst ba reest batore re-configuring. Refar o
Secton 2.2.1.2.1.



7.0 TROUBLESHOOTING

This section axplaine how to froubleshoot the High Speed Link (HSL)
module (57C424 Coren Card). If the problermn cannot be corrected by
tollewing the instructions In his section, the module iz not
Lser-sarvicesble,

DANGER

ONLY QUALIFIED ELECTRICAL PERSONNEL FAMILIAR WITH THE CON-
STRUCTION AND QCPERATION OF THIS EQUIFMENT AND THE HAZARDS
INVOLVED SHOULD INSTALL, ADJUST, OPERATE, AND/OR SERVICE THIS
EQUIPMENT. READ AND UNDERSTAND THIS INSTRUCTION MANUAL AND
APPROPRIATE MAXPAK 11l AND AUTCMAX DCS MANUALS IN THEIR EN-
TIRETY BEFORE PROCEEDING. FAILURE TO OBSERYE THI2 PRECAU-
TION COULD RESULT IN SEVERE BODILY INJURY OR LOSS OF LIFE.

WARMING

INSERTING OR REMOYING THIS MODULE OF ITS CONNECTING CABLES
MAY RESULT IN UNEXPECTED MACGHINE MOVEMENT. TURN OFF POWER
BEFORE INSERTING OR REMOVING THE MODIULE OR ITS CONNECTING
CABLES. FAILURE TO OBSERYE THIS PRECAUTION COULD RESULT IN
BODILY INJURY.

SYMETOM ACTION
HEL MODULE "QK" LED Check indicators on Processor conmected to HSL
= OFF moectuba; ‘I.] “OK" LECH ie TN 2.1 The "BAT, K" LED
ia OM 2.} BUS ERRDA {LED Code i3 not 31, or
E0-53}

t Check indicators on AuteMax DCS pewer aupply! 1.3
| "POWER ON" LED iz OO 2] "P/S READY" LED i
QM 3. "SYSTEM READY" EED ks ON 4) “BLOWN
FIISE® LED is OFF

It OK, procead to ACTION for the following 5 MP-
| TGM in this table [7-3EGMENT LED CODE: 0-T, 8,
b, d, .3, 4}

It nat 0K, refer o Autobls: DCS manuals for iscletion |
procedures: J-3650 {Procassor Moduls MM S7TC430)

5 and J-3G70) (ALUTOMAX Power Supply Module and
Racks: MM 57C421 Power Supply, M/N 570331
TE-Slat Rack, M/MN 570332 10-Siot Back).




T-SEGMENT LED CODE:

0-7. 9, b d, 3 4
[See Appandix B)

Tum Off power to the AUtoMax DCS.
Fezaat card in rack.

Verify continuity of RE-232 cable. Sas Appandixz O for
conliguretion,

Feseal cables at both ends of link,
Tum On pawer o the AutoMax OGS,

Reset the AutohMex DOR systam by oyeling pawer off
and then on.

If code iz shll present, replace the HSL module.

T-BEGMENT LED CODE:

C
{See Appendix B)

Varify that the RS-232 cabls is connected at both
ends of e Enk.

Verrly cortindity of RS-232 Cabla. Sae Appandix D
for wiring charactarailes.

Yerffy the Migh Speed Link oplion s enabled on the
MlaxPak 1. [H5L_ENABLE®: = OR, El.-'IE_ENAElLE@
= OFF)

Alermnpt to recorfigurs link to default parametsrs
{Registers 70-B1), insure Register 26 = © arxd then
=at Register 30 to 4 {Canfiguration request).

T-SEGMENT LED CODE:

T
{56 Appahdix B)

1. Correct software revislons as Elp“pmpl'l'ﬂtﬂ.

2A, Verify that H5L module's Register 26 is set 1o 0;
If net, peatorm an aror reset to HEL module's
Regester 21 (foroe & O-10-1 tranzifion). Thereatier,
st H5EL madule's Register 30 to 4 b 2and a con-
Tigure meseage,

-[H-

2B. An attemate method ks 1o eycle power on the
AuloMax DCS systarm.




High Speed Link appears
o have been established
bt the AutoMax DICS

applleation & nat rnfing

property

Verly HSL modubks |2 in the cormect slot as defined in
e IODEFS of the HSL madule regésters, I mot.
place the H3L madule in the proper slor s defined
in the IQDEF of the H3L module registers or redetine
IODEF ol the H3L moduls registers to ba in atsor-
dance with the presant slot postion of the HSE mod-
ula.

Yerify the HSL hes been propery configured (Rages-
ters F0-81) to the requiremes of tha appllcation.
[Mole: The HSL will auto-connect with & default con-
figuration but this may not be sufficient for the needs
of ther spacific application.) K net, eoonfgune (see
Section 2.2.1.2.2). Check il any communicatons ar
eonfiguration erom exist [Register 26 BIT 15 = 1;or
Register 27 < = 0}

W communication or configuration attors ama present,
rezet the ermar(s) by cywling power on the Aciohiax
rack, Ukee Fegister 31 10 reset arror and then record-
gura. Sea Section 6.0 for Configuration Emers and
Section 2.0 for Communication Emore.

Check indicators on Processor connectad o HSL
module: 1.) "R LED is QM 2] The "BAT. OK" LED
ks ON 3} BUS ERRORA (LED Cods iz not 31, or
S-S

K not QK, refer to AutoMax manual J-3650 (Prooes-
sor Madule /M 57C430) far i=olation procedures,

Check the task(s) which are tzing tha High Spoed
Limk, Werify all tagkig) are rumning. Do any tasks have
run time ervces? {f 50, reler to AuteMax Programming
Execullve Instruction manual, J-3534, Check the i
MaxPak Il KD emor Iog. Is the H3L Eror Fault
Lateh set [FLT_HEL_COMM_EG = ON) 7 If so, at
termpt a drive FLT_RESETE. If the conditon does not |
cleay, locate and rarmove he arrar eondiion a2 ge- |
ecribed in Section 5.0 !




Applicaticn stads to mn
but than gels a

HSL COMM_ERR (Time-
out Emor andfor Message
Oyetlap Ermar) on the
MAXPRX (1l

TIMEQOUT ERRONS;

MaxFak || OKD error lag {ELOG) displays
HSL COMM_ERR/SPECIFIC=1.

Verify both ends of R5-232 cable is conmectad to the
MexPak [} and twe HSE modula [ the Adfoflax DCS
rack,

Iz the H3L modube timeout et 1o the proper value in
the MaxPak |I] configuration {HSL_TIMEOUT T%)?

Check to sas f the Autohad DCS speed loop tash 15
running with the proper period (CALL SCaN_LOOP).

Yerify that the AutohMax application cornmands an
H3L updals wihin the HSL TIMEQUT T% {refer 1o
Sections 4.4 and 5.4.1 for detalks). Increase the value
af HEL_TIMEQUT_T% i nacessary.

Mot Ones an ermor oocure on the MaxPak 1, e
emor reset FLT_RESETE must be toggled to clear
the Miched ernor condition thus allowing e afmature
o hecome active when all peridesivas are ON,

MESSAGE OVERLAP ERARORS:

MaxPak Ill OKD arrer log {ELOG) displays
HSL_COMM_ERRYSPECIFIC =2 —of-
HSL COMM_ERR/SPECIFIC =4,

Increase |2 SCAN PERIOD% i it is lezs than 20

Yerify that unused MaxPak Ill machine logic bocks
are dizabled.

Verfy that MaxPak [l| fextures that ara not required
are disabled (e.g. RD_EXECUTE_ENGE = OFF,

L3 EXECUTE EN@ = OFF, L2_EXECUTE ENGE =
OFF, ML_EXECUTE EME - OFF if not needed).




APPENDIX A
Default HSL Register
Map Assignments

REGISTER

HSL_IN_INT_00(
HSL_IN_INT 001
HSL_IN_INT 002
HSL_IM_INT_00%
HSL_IN_INT 004
HSLIN INT 005
HEL IN_INT 006
HEL ININT 007
HSL IN_INT 008
HSL_IN_INT 009
HEL_IN_INT 010
HSL_IN_INT 011
HEL IN_INT 012
HEL_IN_INT 013
HEL_IN_INT 04
HEL_IN_INT 015
HEL_IN_INT T
HEL IN_INT 017
HS1_IN_INT 018
H5L IM IWT_019
HSL IN INT LA
HSL IN INT 021
HELTIN_ INT 0z
HSL_IN_INT 023
HSL_ININT 024
HEL IN_INT 025
HEL IN_INT 026
HEL N INT 027
HELIN_INT 028
HSL N INT aze
HSL_IN_INT 05t
HSL_IN_INT 031
HSL_IN_INT 032
HSL_IN_INT 033
HSL_IN_INT 034
HSL_IN_INT_035
HEL_IN_INT_ 038
HSL IN INT LT
HSL_IN_INT 038
HEL_IN_INT 023
HEL_ W INT 040
HEL_IN_INT 041
HSL_IN_INT D4z
HSL TN INT 043
HSL TN INT 044
HEL_IN_INT 045
HEL N INT 048
HEL_IN_ INT 047

LU | | | | | | T | (T {

VARIABLE

ChL_REFS

FLD |_AEF%

OUT S1 D ANA 0%
OUT_SI_D_ANA 1%
OUT S 0_FREG 0%
L2 FEEDBAGK™

L2 REFA4

L2 REFA_MUL%

LE RA_DRAW GAIN%.
L= REFE%

L2 R4 DECEL®:

L2 FP GAIN_ MUL
ML GAIM 0 Tha
OUT_SI_0 FREQ 1%
ML GAIN 1IN
CML ADAFT GAIN%
CML CT THR%
CML FB GAIN%G
CML_ P! KP%
ChML P WLD%
CML RATE LM%
FLD ECON REF%
FLD _ECON DY T%
FLD_IREF [IM i
FLD_IREF LM LO%
FLD | FB MU
FLD |_PI_KP%
FLD_I_FI_WLD%
FLD V¥ COMP_MUL%
FLD ¥ FB_MLUIL%
FLD W P KP%

FLD ¥ _PE_WLD%
FLD % REF%
PT_ANALOG SCALE%
IN_SI 0 AD DFS%
IM_S| 0 A0 ANG
IN_2I 0 A1 OFS%
IN_21_0 A1 RANGS
M 3 0 A2 OF3%
M 510 A2 RNG%
IN_SI 0 A3 OFS%
N S1 0 A3 BNG2%
M S 0 F} OFS%
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REGISTER

HSL_IN_INT 102
HSL_IN_INT_ 103
HSL 1M | IMT 114
HSL N INT 105
HEL_IN_INT 106
HEL_IN_INT 107
HEL_ N INT 1053
HEL_IN_INT_ 103
HSLINCINT 110
HSL_INCINT 111
HSL_IN_INT 112
HSL_IN_INT 113
HSL_IN INT 114
HEL_IN INT 115
HEL_IN INT 118
HEL_IN_INT 17
HSL_IN_INT 118
HEL_IN_INT 113
HEL_IN_INT 120
HELININT 121
HEL_IN_INT 122
HELIN_INT 122
HSL_IN_INT 124
HEL INIMT 125
HEL N INT 126
HEL N INT 127
HSL IN_INT_128
HELININT 129
HEL INTINT 130
HSL IN_INT 131
HEL I INT 122
HELININT 133
HEL_INTINT 124
HSL I INT 135
HEL_ININT 128
HSLIN_INT 127
HEL_IN_INT 123
HSL_IN_INT 153
HEL_IN_INT 144
HSLIN_INT 141
HEL 1N INT 142
HEL ININT 143
HEL ININT 144
HEL N INT 145
HIL 1N INT_ 148
HEL N INT 147
HEL INTINT 148
HEL INTINT 143
HEL ININT 180
HEL INTINT 151
HSL IN_INT 152
HSL IN_INT_ 153
HSL I INT 154
HSLIM_INT 155
HELININT 156

AR | | | | VA Y T O | [ | - T A

YARIABLE

JOG_RA_ACCEL%
JOG RA DECELS
L2 SEL_1_INPLFTD%
LE SEL 1 INPLUT1
12 SEL 1 INPUTZ%
L2 SEL_1_INPUTa%
L2 SEL 1 Dy
Lz SEL 1 _ID_MUL
L SEL 1 1 MU
12 SEL 1 I2 MUL%
L2 SEL 113 MUL%
L= SEL 1 LIM Hi%
L2 SEL 1 LIM LO%
ML SEL_1_INPLTO%
ML_SEL 1 INPLIT1%
ML_SEL 1 INPLIT2%
ML_SEL_1_INPUTI%
Mi_SEL 1 DIV
ML SEL 110 MUL%
ML_SEL 1 [1_MUL%
ML SEL 1|2 MUL%
ML SEL 1 13 MUL%
ML SEL 1 LIM HI%
ME SEL 1 UM | LO%
ML SEL 0 INPLTO%:
ML SEL 0 INPLITTS:
ML SEL 0 INPLITR
ML_2EL 0 INPLIT2™
ML SEL (F DIV

ML SEL 01D MUL%
ML SEL 0 1~ MUL%
ML SEL @ 12 MUL%
ML_SEL T 13 MUL%:
ML_SEL ¢ LIM HI%
ML_SEL 0 _LIM LO%
12 SEL D [NPITO%
12 SEL_D_INPUT1%
L2 SEL D_INPLIT2%
L2 SEL D INPLIT3%
L2 SEL D DIV

L2 SEL 010 MUL%
L2 SEL_0_11_MUL%
L2 SEL_ 0 12 MUL%
L2 SEL O 13 MUL%
L2 SEL 0 LIM HI%
L2 SEL 0 LM LO%
ML FNC D INPLTS
ML FNC D ¥0%
ML_FNC D ¥1%

ML FNE T X2
ML_FNC 0 X84
ML FNG 0 %44

ML FNC 0 %5%

ML FNC 0 %a%

ML FNC O X7%
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REGISTER

HSL IN_INT 157
HSL_IN_INT 158
HSL_IN_INT 189
HEL_IN_ INT_1€)
HEL N INT 161
HSL IN_INT_162
HSL I INT 163
MSL I INT 164
HSL 1IN INT 165
HSL_IN_INT_165
HSL IN_INT 167
HLIN_INT 162
MSLIN_INT 168
HELININT 170
HSLINTINT_ 171
HSL_IN INT 172
HIL 1N INT 173
HSL N INT 174
HSL_ININT 175
HEL_ 1N INT 176
HSL ININT 177
HSL IN_INT 178
ML INTINT 179
HSL TN INT 180
HELIN_INT 181
HEL_IN_INT 182
HSL_IN_INT 183
HELINTINT 184
HSL_IN_INT_185
HSL_IN_INT_188
HSL_IN_INT_187
HSL_IM_IMT 188
HSL_IN_INT 152
I-‘EL IN IMT 16}
HSE_INCINT 181
HSL_IN_INT 152
HSL_IN_INT 183
HSL_IM_INT 124
HSL_IN_INT 185
HSL INTINT 196
HSL_IN_INT 187
HSL_IN_INT 158
HSL_INTINT 189
HSL_IN_INT 200
HSL_IN_INT 201
HSL_IN_INT 202
HSL_IN_INT 203
HSL_IN_INT 204
HSL_IN_INT 205
HSL_IN_INT 208
HSL_IN_ INT 207
HSL_IN_INT 208
HSI_IN_INT 200
HSLIN INT 210
HSL_IN_INT 211
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VARIABLE

ML FNG. 0 Y%
ML FRC O Y%

ML FNC 0 ¥2%

ML FNC O ¥3%
ML_FNGC 0 vas
ML_FNC 0 5%
ML_FNC O v5%
ML_FNC 0 ¥7%
ML_CMF_D_INPUT
ML CMP 0 THR Hi%
ML_CMP_0_THR LO%
ML_CMF_1_INPLTS
ML_CMF_1_THR_Hi%
ML_CMF_1_THR_LO%
ML CME_ 2 NPT
ML_CME 2 THR_HI%
ML_CMP_2 THR_LO%
ML_CMF_3_INPUTS
ML_CME 3 THR Hi%
Ml_CMF_3_THA_LO%
ML_CMF_4_INPLITS
ML CMP 4 THA_HI%
ML_CMP_4_THA LO%
ML_FNG 1 INFUT%
Fu'lL FI"IC- 1_XD%
BL_FNGT1 %1%

ML Fhll: 1 :{E*‘“'

ML FNCT1 %3%

ML FNC 1 X4%

ML FNC 1 %5%
ML_FNC 1 X6%
ML_FNGC 1 XT%
ML_FNC 1 ¥YD%
ML_FNG_1 1%
ML_FNC 1 Y2%
ML_FHC 1 _¥3%
ML_FNG_1_Yad%
ML_FNC 1_¥5%
ML_FNC 1 YE%
ML_FMNC 1 ¥T%
FLD_F1_BASERPM3%
FLD_FT_FWiCUR%
FLO_FI_FRPM %
FLD_FI_FW2CUR%
FLD_FI_FW2RPM %
FLO_F|_FW3CLR%
FLD_FI_FW3RPM 2%
FLD_FI_FW4CUR%
FLD_FI FW4RPM %
FLO FI PWSCUR%Y,
FLO_ Fi FWSRRM %
FLOFI RATECUR®
FLD FISPD MULS
ML BEL 2 INPUTD
ML 2EL 2 INPUT1%,
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REGISTER

HSL_QUT_INT_tx9
HSL_QUT_INT_D10
HSL_CHIT_INT_ D11
HSL_OUT INT D12
HSL_OUT_INT_13
HSL_QUT_INT_14
HEL_OUT INT_{n5
HEL_OUT INT 8
HSL_OUT INT 017
HSL_OUT_INT_h8
HEL OUT INT atd
HSL_OUT INT a20
HSL_OUT_INT 021
HSL_OUT_INT 0122
HEL_OUT INT 024
HSL OUT INT 024
HSL OUT INT 625
HSL OUT INT 025
HEL_OUT_INT 027
HSL_OUT_INT 028
HSL_OUT INT 029
HSL OUT INT 0an
HSL_QUT_|NT_031
HSL_QUT_INT 032
HSL_DUT_INT a3
HSL OUT INT 024
HSL 'EllJT INT 035
HSL_OUT_INT 028
HSL_DUT_INT 037
HSL_OUT, INT 038
HaL_OUT INT 030
HSL QUT INT 040
HEL 'I:IIJT INT_041
HSL EILIT IMT 2
HSL_DUT_INT_043
HSL_ OUT_INT 044
HSL OUT INT 045
HSL_OUT INT 046
HSL_OUT_iNT_047
HSL_OUT_INT 045
HEL OUT INT (49
HEL OUT INT_08]
HSL_OUT_INT 054
HSL_OUT_INT 052
HSL_OUT INT 054
HEL OUT INT 054
HSL_GUT_INT 055
HEL_OUT INT 084
HEL OUT INT 057
HEL_OUT_INT_058
HSL_OUT_INT D58
HSL_DUT INT 060
HSL_OUT INT D61
HEL_OUT_INT_ 062
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YARIABLE

I _E1 D AMA 1%

IN SI EI AMA E%

N S0 ANA_ 3%

IN S8 FREG 0%
IN_PT EDGER:

L2 REF_Su%

L2 OUTPUTS:

LA SEL 0 OUTPUTS
ML_SEL 6 OUTPUTI:
ML GAIN 2 OUT®
SED BOOL_OUTS%,
ARM_DELTA_AVGS
SEQ_CML_ENABLE%
SEQ_STOP CAUSES
COM_FRAMING E%
COM_OVERRUN E%
COM_PARITY E%
HSL CHKSUM ERRSY
HSL RECVD M3G55%
HSL _XMITD MSGS%
LS 6D DEGREES%
LS FLAGS%

L3 _LINE PERICD%
LS BOFTW PIDX%
IN ACLINE VOLTSS,
IN_DCTIME®
FLT_LATCHES%,
FLT_FLC F AVG™:
FIT FLC REMM T%
F]_T FL'E.- THR%
FLT FL_ LAG DT
FLT OL_IFE%
FLT_OL_RISE%
FLT_OL_RISE THR%
FLD_ &Rk | FE
FLO”| ERA_S.%
IN_FLD_IFE_1%
FLD_|_REF 5J%
FLD | REF TP1%
FLD ¥ COMPS

FLO ¥ ERA_SJ%
FLD_V FB%

FLD'V FB COMP
rlJ:I vV FE SJ'?L
FLD W 'DUT':}'G

FLD DELTA 1 PH%
IN S1 0 FHED 1%
M SID A ISV
IM_SED_A_N15Ves
IN_SI_0 4 NREF%:
IN S 8 4 Pisve:

IM_21 0 A PREF%

IN_SI_0 A NSV
ML_GAIN 0 0L
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REGISTER

HSL IN BOOL (M6
HSL_IN BOOL 7
HEL_IN_BOOL A
HSL_IN_BOOL 18
HEL 1IN EBOOL 020
HSL_IN_BOOL 021
HSL IN_BOOL 022
H3L IN_BOOL 083
H3L IN_BOOL 024
HSL IN_BODOL 025
HSL IN_BOHIL 026
H5L W _BOOL_ 027
HEL W BOHOL 028
HEL IN_BCHIL_D29
HSL IN BCHOL 030
HSL 1N BOOL 03
HELIN BOOL | D32
H5L 1N BOOL 033
HSL_IN BOOL 034
H5L 1N BOOL 035
HEL 1N BOOL 036
HEL N BOOL Dar
H3L IN_BOOL 038
HEL IN_BOOL 039
HEL N BOOL 04
HEL_IN BOO0L 041
HEL N BOOL 042
HZL_IN BOOL 043
HEL_IN_BOOL 044
HEL_IN_BOOL 045
HEL_IN_BOOL (44
HEL_IMN_ROOL 047
HEL M BOOL D458
HSL N BOOQL (44
HEL N BOOL 980
HEL N B00L 051
HESL_fN_BOOL {52
HSL_IN_BOOL (53
HEL N BOOL 054
HSL IM BOOL 055
HiL IM EQOL 056
HEL IM_EQOL 057
HSL IN BOOL 058
H3L_IN_BOOL 059
H3L 1IN BOOL 080
H3L IN_BO0OL_ 061
HEL_IN_BOOL (62
HEL_IN_BOOL 63
HEL_IN_BOOL (64
HEL_IN_BOOL (65
HZEL IN BOOL 065
HEL_IN BOOGL 087
HEL_IN_BOOL 068
HSL_IN BOOL D59
Hal_IN_BOOL UFo
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VARIABLE

FLT EXT_REGH@
FLT_EXT_RECUZE
L2 REFA_ENABLE@
lL2_HEFB_EMABLE®
L2 REFC_ENABLE@
Le_HEFD _EMABLE
LOG_CLE DISABLED
o

[}

1)

' FB_LL_BYPASSE
_FB_1L RESET@
'+ FF_LL_BYPASSE
FI

ha B Fa b

S
m
=
%I
m
()

ML SEL_1_I0 ENG
ML SEL 1 It EN@
ML SEL 1 12 ENG:
ML SEL 1_I3 ENE
ML SEL 0_ID_ENG
ML SEL 0 11_ENgs
ML_SEL_0_IZ ENGE
ML_SEL 0 13_EN@
L2 SEL 110 EN@
L2 SEL 1 [1_ENE
L* SEL 1 12 ENGE
L2 SEL 1 13 ENE
L2 SEL 0 0 EN@
L2 SEL 0 1 _EM@
L2 SEL_O |2 EN@
L2 SEL_0 13 EN@
ML _SEL 2 |3 EN@
ML_SEL 2 11_EN@
ML_SEL 2712 EN@
ML SEL_Z |3_ENE
ML_SEL 3 10 EN@
ML_SEL_3 11 EN@
ML_SEL_2 [2_ENE
ML_SEL_3 |3 EN@
ML SEL 4 10 ENE
ML SEL_4 |1_EN@E
ML_SEL 4 12_EN@
ML_SEL 4 13_EN@
ML_CMP_0 HI ABS@E
ML_CMP O IN ABSE
ML CMP 0 LO ABSE
ML_GMP 1 HI ABSE
ML_GMP 1IN ABESE
ML_CMP 1 LO ABSE
ML CME 2 HI ABSE
ML CMP 2 IN ABSE
ML CMP 2 1O ABS6
ML CMP 3 HI_ABS@
ML_CMP 3 IN_ABSE:

| OKD LONG EMN@

A
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REGISTER

HEL IN_BOOL 07t
HEL I _BOOQL_oF2
HEL N EI'DI.'JL 073
HSL rN BOOL 074
HEL IN_BOOL 075
HSL_ IN_ EIC:ICIL s
HEL IM EI:}DL_U??
HSe IN_BOOL ars
HSL IN BOOL 079
HEL M | | BOOL 030
I-IEL IM | | BOOL 031
HSL™ Ir-l EII}L a2
HSL Ir-l EIDDL 033
H‘EL 1N | EDDL 0e4
HEL_IN BOOL | s
HEL Ihl BOOL | . [B&
H'SL |r~.= BDDL oAy
HSL_IN BOOL D88
HEL IN_BOQOL DAS
HEL I | E-I:IEIL {30
HSL 1IN E'l‘.‘IGL (L2
HSL IN_BOOL_ D92
HEL_IN BOOL 023
HSL lr'-.l BOOE 054
HSL | m BOOL aos
HSL_IN_BOOL 0968
HSL M  BOCL_ a7
I-ISL IM EDDL Ok
HSL IN BDDL [
HSL_IM_ TBOOL LY
HEL IH BDDL 01
HSL_IN BOOL 10z
HSL IN_ BOOL 103
HEL I E.DDL 104
HSL N EH:IEIL 105
HSL N ELEIIDL 105
HSL N EIIJ'DL 107
HSL_IN_BOOL 108
HEL_IN_BOOL 102
HEL_IN_BOOL 11t
HEL IN_BOOL 111
HSL N BOOE_ {92
ASL N BOOL_ 113
HSL 1N BOGE 114
HSL 1N EIE‘IEIL 115
HSL N EIEIEIL 116
H3L W EIEIEIL 117
H2ZL IN BOOL 118
HSL IN_ BOGIL 119
HSL IN_ BOGIL 120
HSL IN BOOL 121
HSL_IN BOOL 122
H3L_IN BOOL 123
HSL_IN_BOOL 124
HEL IM_BOOL 125
HEL IM_BOQE 126
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YARIABLE

Ml._CMP_ 3 LO _ABSE
ML_CMP_4_HI ABSE
ML CMF_ 4 IN ABS@
ML_CMP 4 L0 ABS@
ML_TMR_ D INFUT &
ML ThR 1 _INPLUT&
ML TMR 2 INPUTE:
ML_TMA_3 INPLTE
ML_TMA_4 INPUTE
ML_STOF 2@
ML_JOG 2@

ML_ALN 2@

L% FB L BYFASSE
L% FPLL BYFASSE
RO RESET@
RAD”RUNG

RD_RATE RESETE
RD_TEST ENABLEG
L3 FP_LL RESET@
L3 Pl_AESET@

L3 RATE_RESET@
CHML_FAST_BRI_ENG
CML S8R EN@

FLD 1_PH APPLICE
PT_GUADRATUR ENE
MEM_RESTOREE

ML _EXECUTE EM@
L2 EXECUTE_ENE
L2 BEL 1 _EXE EN@
FLT FLS ENABLE®
FLT OL ETOP DIS@
FLD FUNCPROC ENGD
FLT TL_DISABLE®
SEQ_M_CONTAC EN@
SEQ_STOF L2 BYF@
SEQ_STOF|_BYP@
ML SEL 0 EXE_EN@
ML SEL 1 EXE_ENG
L2 SEL O EXE EN@
L2 FE LL_LAG LO@
L= FP_LL_LAG LO@

Ik %I 0 AD HRES@
IN_S 0 A1 HRESE
IN S 0 AZ HRESE
IN_2 A3 HRES@
IN_Si_AD HAESE
IN_21_A1_HRESE
IN"S1_AZ HRES@
IN"SI_1_A% HRES®

r.1L FM[: D EXE EMNE
J'.1L FN{: 1 _EXE ENE
ML FNE E EXE_ - EMN@
ML_SEL 2 EXE EN@
ML_SEL 3 EXE ENm
ML_SEL_4 EXE EMw
ML_CMP D EXE EN@
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HMSL IN BOOL 127
H3L_IN_BODL 128
H3L_IN_BOOL 129
HSL_IN_BOCL_130
HSL IN_B00L 131
HSL IN_ 8001132
HSLIN_ 800133
HaL_IN_B00L 134
HEL IN BODL 135
HSL IN_ B00L_135
HSL IN_BO0L 137
HSL_IN_BO0L 134
HSL_IN_E00L 139
HSLIN_BOOL 140
HSL_IN_B00L 141
HaL IN BODL 142
HSL IN_ BODL 143
HSL_IN_ BODL 144
HSL_IN_ BOOL 145
HSL IN_BODL 146
HSL IN_BODL 147
HSL IN_BODL 148
i

HSL DUT BOOL 000 =
HSL DUT AOOL 001 -
HSL_OUT BOOL 002 =
HSL_OUT BOOL 003 =
HSL OUT_BOGL_0nd =
HSL_CUT BOODL_005 =
HSL_CUT_BOOL_006 =
HSL_OUT ECOL 007 =
HSL_ OUT B00L ane =
HSL_ 0UT 8001 a0a -
HSL_ 0T B00L 010 =
HSL_OUT RDOL 011
HEL_QUT ROCL 072 =
HSL_OUT BOOL 018 -
H3L OUT ROCL 014 -
HSL OUT BOOL &=
HSL_OUT_BOOL (16 =
HSL OUT BOOL 017 =
HSL OUT BOOL (&=
HSL_OUT BOOL (19=
HEL_OUT ROOL 020 -
HEL OUT ROCL 021 =
HEL_OUT BOOL 082 =
HaL_OUT B00L 023 -
ML OUT_ ROOL 024 =
HaL OUT_ BOOL 025 =
HaL OUT ROOL 026 -
HSL OUT B00L 027 =
HSL OUT BO0L 028 =
HSL OUT BOOL 029 =
HSL CIL.IT BOHIL | A0 =
HEEL OUT BOOL 031 =

YARIABLE

ML CMP_1_EXE ENG
ML CMF 2 EXE EN@E
ML CMP 3 EXE ENGE
ML TMR 0 EXE EN@
ML TMRA 0 EXT _EMGE:
ML_TMR_0 OME_EMT
ML TH#A 1 E.‘.'[E EM@
ML_TMA_1_EXT ENE
ML TMA_1_ONE_EM@
ML._TMA_2 EXE EN@
ML_TMA_Z EXT_ENG
ML TMA_Z ONE_ENG
ML TMA_3 EXE EN@
ML TMA 2 EXT ENG
ML TMA_3 OME_ENG
ML_TMA 4 EXE ENG
ML TMA 4 EXT ENE
ML TI'..'IFI. 4 C:INE ENT
L3 EXECUTE ENITﬂ
L3 FB 1L LAG LOE
LE. FF' ,_L LAG | L
RO EXECAITE EN@

ARM _BRIDG POLGE
FLD ECI:'_'JN ACTIVERD
FLD Ok

FLI::- PF_EMABLERD
FLO 1 P _BEIDGED
FLC REG EMABLEE
FLT FIELDLOSS@
FLT_FLC ACTNVER
FLT DWEALOADE
SEQ AAM_PERRIE
BED | | FLD PEAM@E
SED_JEI._-.GIMG@
SEQ L2 EMARLEMR
SED RUNMINGE
SEQ STOP_ILM Lo
EED STOP | e

M .ﬁ.bm!GIM @

IM MEDEGIN @

M AUIDEGIN EI:E'

I ALIKI:IIGIH EE&J

[} ALI:-:DIGIM _HiE
N _AUNPERMz
IN_M_ETATL.'EI:-’_::'
FLT DRIVE_FALILTIE
FLT FIELDLOSS L@
FLT OVERCUR L5
FLT_DUEF'LCIIAD_L[TJ’J
FET_OWERSPEED L@
FLT SYNCLOSE L
FLT TACHILOSS L
FLT_HSL COMM L@
HSL_X0OWVRLAP Ed@

A-17
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REGISTER

HSL OUT_BOOL 082 =
HEL OUT BOQL 093 =
HEL_QUT BOOL 034 =
HSL_OUT BOOL 035 =
HSL OUT_800L 086 =
HEL_OUT 8001 057 =
HSL_OUT 8001 068 =
HSL_OUT B00L 059 =
HSL_OUT BOOL 040 =
HSL OUT BO0L {41 =
HSL OUT BOOL (42 =
HSL OUT BOOL 043 =
HSL OUT BOOL 044 =
HSL_OUT BOOL 045 =
HEL_OUT BOOL_046 =
HSL_OUT B00L 047 =
HSL_OLT BOOL 048 =
HSL_OUT BOOL 049 «
HSL_OUT_BOOL 050 -
HS1_OLT_BOOL 051 =
HSL OLT_BOOL 052 =
HSL_OUT_BOOL 063 =
HSL_OUT BOOL 054 =
HSL_OUT BOOL 056 =
H5L_OUT BOOL 056 =
HSL_QUT BOOL 087 =
HSL_OUT BOOL 058 -
HSL CrUT BOOL 058 =
H3L_OUT BOOL 060 =
HSL_OUT_BOOIL_061 =

HSL_OUT BOOL D62 =
HSL_OUT BOOL 063 =
HSL_OUT BOOL 064 =
HSL_OUT BOOL (65 =
HSL_OLT_BOOL 066 ~

VARIABLE

IN_SI_{ DIG 0@
IN SI_0 DIG 1E
NS 0 DIG 2@
N30 DIG 3@
IN_S| 0 DIG 4@
FIT_EXT REGQLH b
FLT EXT REQUZ L@
L3 BADPERD E@

LS _BADPHAS E@

LS LOCKEDE

LS PHASE_SELfe

LS PHROTE

L& FHROT E@

L& PHROT VALIDE
L2 PR ACTIVE®

L8 PR HALFCYC E@
LS PR_PERIOD E@
LS PR PHASE E@
MEM_SAVE ERROR@
LOG_EMPTY@
LOG_FULLE

ML CMP 0 OUTPUTE
MU CMP_ 1 QUTPUTE
ML_CMP 2 QUTPUTE
ML CMP 2 OUTPUTE
ML_CMP 4 OUTPUT@
ME_TMR & QUTPUTE
ML_TMR 1 OUTPUTS
ML TMR_Z OUTEUTE
ML TMR_3_OUTPUTE
ML TMR_4_OUTPUT@
5YS ONDNER
ML_JOGE

ML_RUM
ML_STOP@



APPENDIX B
7-Segment LED Display Codes

FAULT CODE FAULT CODE BESCRIPTION

CPU failad power-Up disgnostio

EFROM failed power-up diagnostic

RAM feiled power-up disgnostic

CTC failed powsr-up diggnostc

“Feliance U=a Only*”

DMA failed

Dual Port memory failed powsr-up disgnostic

Memory management unit lalked pewar-up
dlagnostls

Parallel /0 port failed power-up diagnostic
“Refanca Use Tinly™
Watchelog falled power-wup diagnostc

Communicaton line stalus. Displayed onky when
e mezsages are received from the MaxPak 18,

System (backplane) watchdag failed, Soard is op-

eratienal Bt will ot ansmit or recehse data gl
the watchdog is reset.

~l®mj | &)W RE =]

Ol F| | @

(%8

E Powver Iw'h.are:_:l'his code iz normally prezent fmm
the time that a powear fadure 12 detected und] power
Is lozt.

"Refance Use Only”
CTC rum time failure,

O A

S0 run tinne Tallura.

ey

Incompatible software ravialans
MaxPak Il - STC424)

¥ &t power up of the mck, any diagnostic fault code rermains displayed
[0 - "% incdusive or 7)., the High Speed Link module (MM D-57C424)
must be raplaced.



APPENDIX C

Interrupt Status and
Control Register Layout (REG 0)

Thila ragizter controls e multibes internupt line the HSL module card will set high

whett irfernupting the AutohMax DCS Procassor as well as whether Multibus Inkerrupts
are ahahled or not The reqglsber bit fisdds sre 2ot up as follows:

1
5

1

1
4 2

i =k

1
1

1 (40
e

a0
8

4]
7

0
B

Q
5

4]
4

&
3

a0

o
21|10

=

E UlAal|B

Imterrupt Condition Exlsts on the Cemm Card
AutoMax DCS Processor has acknowledged the
interrupt

Autoblax DC3 Processor hag enehbled Mutibus
interrupts

Multibus irterTupts are Gisabled

ISR has been allocated by a Autobax DCS

Processor
ISCA has not been allocated

Valuas tnay rangs from D to 3 based on which
MultibLz Intarmupt line tha AutohMax DCS
Froocessor wanls the HEL modula 4o use.

Tha AutoMeax DCS apphcation program will not interface directy with s register. 1t
wik nrarmally define an event using tha Autaokax Programming Language which i
asslgred to this register through an IODEF stalement (There iz only one ISCR that the
HEL modide will recognize, REGISTER 0). The AutoMax DCS operating system will
then configure e imerrupt stafus snd control reglster speclfied, wsing the bit fields a5
defined abowe. Soe the lollowing exampls;

Conflguraton Task
10 I0DEF HSL, IBCR%{SLOT « 1 REGISTER =0] = -—- I3CR REG O {sea abova)
Local BASIC task
10 COMMON FB_INTREGS:

85 EVENT NAME=5PEED FEEDBACK &
INTERAUPT_STATUS =HSL ISCR%.&
TIREQOUT =ENSABLED

255 WAIT ON SPEED FEEDBACK

Eit 15 is the most signiticant bitin a word. This standard applies to BOTH tha HEL
mcdule and the MaxPak Il drive references to bit posftions In thiz document,



APPENDIX D
RS-232 Wiring Characteristics
(Part No. 610160-26R)

RS-232C Zerial Wiring Characteristics

MaxPak | DCE/Autolax
E " 1 S— I~ 3 AECW
3 RECY « ——-m— L S T o
7 GND -- I _FGND

Fin2 = MaxPak I Tranemit © plh 3 HSL Module Rocshe.
Pin3 = WsxPak Il Receive to pin 2 HEL Module Trarsst.
Pin7 = Ground,

This cable part numbes is avallable as an assembly only, The following teble describes
the functlen, plug defimifion, amnd cabls kngth. Nota: Maximum fepgth allowebbe i 107
(3 meters) with twisled pair wire (2 twistesinab). Lobger langths can be accommodated
uEing modems,

FART NUMBER FUHCTION PLUG DEFINITION | CABLE LEHGTH
G1D1E0-265R MNul-Modem Male to Male 12

R5-232 Configuratdon

The RE-232 zerig| line iz automatcally configured for 41.6k baud, & dats bits, 1 stap bit
odd parity. For configuretions where a direct connection is rol pasaible, Ihe falkwing
edulprent may be used fo Interface with the MaxPak 11l High Speed Link Medule,



APPENDIX E

57C424 (HSL Module)
Techincal Specifications

Ambilent Conditlons

Storage Termperature 1 30 degress Celsius to 85 dagress Celsius

Cperating Termperature - 0 degreas Calsiue to 50 degress Celbus

Humidity Rangse : 2 o non-condenaing

Maximum Module Power Dissipation

13 Watiz

Dimensions

Hegight : 11.71 inches
Width : 1.25 inchas
Dy ! 7.7 inches

System Power Requirements

5 Valte ; 2400 mA
+ 12 Volts ] 3mA
-12 Volla : 8ma
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APPENDIX F

HSL Fatal Error Codes for
the HSL Module (57C424)

These codes ahs “error specific” data placed in Aegister B0 to acoornpaty the LED ooxde
dmpday, which indlcates: the ganeral emrcr.

Error

Specifle Descri

01F0R: A spurious nterrupt in CTC channel § has occurmed,
CTE channel O is used 10 generate the baud rate and thus showld
rever generate an imerrupt. 1T ik does, s a fatad error and the HSL
madule will display a *.3" on the T-segment LED and lateh the
specied ermor code in register 60

Error

Specific Description

02A0H A spurlous tansmitl Interrupt on channal A has oocurred.

02FiH A statig chands inkerupl on channed A has ocoumead.

Q2F2H An RX (recefve) tertupt on chantel A hag ocoted.

02F3H A special receive imemupt on channel A has coourred.
The Sedal Input Output chip (310) on the HEL module hes two
channeals, Chanmnet A i not used af all in HSL, tharsfore all of channel
A imenmupts are disabled. H an interrupt does oocur for S10 channes
A, it b5 a fatal error and the HSL madule will display a *.4" on the
T-zepment LED and latch the appropriate error code in register 60,

Error

Specific Descripbon

(AR A spuricus status change interrupt on channel B has ocourred.

Channal B of tha 510 iz uzed on the HSL module. All interrupts but
o are anabled on this chennel . The intermupt that is disabled iz the
external e statiee change imkerruept. This interrupt occurs when a
< break>= ¥ received fom sending device or DCD becomes
[Mactive [active k. For HEL, these conditions are ignored, This,
the Irtarrupt seesillve ta these conditione iz dizabled, 1 ihiz intermupt
dnea oceur, it i freated Bz an 510 fatal nun time eqror and & ' 47 is
displayed on the 7-segment LED.




APPENDIX G
Verify Errors (Detected during verify
stage when using DWNMP3)

Theee HEL errore are sent to the screen and 1o the log file {if requested).

These error messages are displeyed a8 well as the source line which cavsed the arror
unless indicated ctherwize.

Error ¥ Error Deseription

234 HSL REGISTER SECTION AMD | The MSL register type did not
VARIABLE NAME TYPES (2.%) | match the varable type (integer

DO NOT MATCH of boolaan),
Aclion: Comect syritax eror.

235 H5L AEGISTER ASSIGNED The HEL register was previoushy
MORE THAN ONCE IN SAME used by an HSL assighiment
SECTION statement in e same HSL, se-
Action: Comect configurelion or tan,

SYriax cerar,

236 VARIABLE ASSIGNED TO MORE | The same vadable name vas ss-
THAN ONE HEL REGISTER IN slgnE-:I ta mare than one H3L

SAME SECTION tegister in the same HSL section.
Action: Corect configuration or
syniax emor,

T HSL STATEMENTS NOT The version of he MaxPak M|
SUPPORTED BY MAXPAK I which iz conmected does not
VERSION support H2L stataments.

Action: Remove this HSL
slalement,

238 IMNVALID HEL HEGISTER The HEL renister nurmber fisld
NLMBER FIELD was efther too lomg (= 3 digits)
Achion; Comeet syntax arror :ri:nntalned a ron-digit cherac-

2 HEL AEGISTER NMUMBER The HEL regizter number fiskd
TQO HiGH was greater than the masdmum
Action: Cotrect symta aror. register numbies {255),

G



APPENDIX H
DownlLoad Errors (Protected during
the download stage)

These H3L armors are sent o the screah and o the keg file (if reguested.

These HSL arror maseages are displayed as well as the eourcs line which caused the aeror
unless Indicated otheswise, An “*" indicates that the arror shauld not noemially oceur. An
“" Indicates that the error message is displayved without & saurce fine.

Error # Errar Dascription

o7e * WP HAS NOT BEEN The IHIT HEL message was not
OPENED FOR HSE recefved by tha MaxPak B,
AZSIGMMEMTS
Acton: Check communications.

orv * " MP3 HAS NOT RECEIVED Tha downiced HSL open
HEL INIT COMMAND messade was not received by
Articd Chsck communications. the M.

ave 7 PS HAS ALBEADY The INIT HSL messare was
AECEWED HEL INIT COMMAMD | alraady recaived by the
Action: Check communications, | MExFak Il

ora * " HEL STABTING BEGISTER An imvalid HEL message starfing
MUMBER IS QUT OF QRDER rEgislar Wwas recejived,
Action: Check gommumications,

a0 ¥ “HEL - BAD SECTION An invalid HSL message secbon
MUMEER Wios Feceived.
Aotion: Chack communications,

a2 * " HEL - TOO MANY The number of assignments
ASSIGNMENTS PER MESSAGE | contained in the HSL message

A e wiees hiet within the valid range ot

Aation Check communicstons. 0-7 inchishic.

f54d e EAN HEL COMMAND A invalid HSL s
Loty Check cemmunicstions. command was recehved.

(F512) * ™ THE MAXFAK |It RECEWED | The HEL message recetved by
AN HEL MESSAGE WITH A BAD | the MaxFak |1l was not the
MESSAGE LEMGTH Corract sida,
Action: Check communications.

OB SHSE MAXIMUL SECTICHY The number of HSL ragister
ASEIGHNMENT COLNT azzignments for this type has
EXCEEDED excearded the maimum limid,
Actcn: Check communications.

027 *H5L - BAD VARIABLE NAME The varahle namec does not

i - i corfor to MexPak 1]

Actci: Chsck sommunications, sarierlibng

oag HEL - VARIABLE NOT FOUNE | The varisble nama daes not exist

Action. Correct corfiguration,

In1 the MaxPak 1]

H-1



Error &

NOT MATCH SECTION TYPE
(INPUT/OUTPUT)

Action: Carrect conliguration.

Error Crscripticn
Qag H5L - OMLINE VARIABLE An OFFLINE variable was
{(ACCESS LEVEL = 3} recalved but an ONUNE variable
EXPECTED was required (input reglskers DOD
R : : and 031 regulre ONUME
Action: Correct conliguration. varables),
0 HS5L - OFFLIME WVARIABLE An ONLINE variable was
{ACCESS LEVEL = 2} received but an OFFLINE
EXFECTED varable was required,
0a HSL - VARIABLE TYPE DOES Thi vatlabde received did not

maich the expecied HEL secticn
{2.0. AN oLt varsbhle was
asaigreed but an Input wes
Expactad).

H-2
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Appendix J
Procedure for Configuring/
Re-Configuring HSL. Link

Thie section describes 8 procedure by which e HSL link can De configured)
re-configured. Configuration of the HSL link can include any oF all of the following:

= Changes to dusf port registers 70-81
«  Chapges to offfine HSL-mepped input varables

(Changes to online H2L-mapped input vartables are handled automatically via the update
requiest, provided all desired variables are accounted for in e values of Registers 70 and
71.)

It the Hnk restart ek (HSL RUN.BAS) & inslalled a= descrbed in Section 4.6, it 15
Irporant to note that any changee made to duatpart registers by the procecurs balow
will be destoyed sach time an HSL_RESET or & Start Al is pefommed. To maka these
changes pedmanent, the appropriale valuss should be entered in limes 2000-2050 of
HSL_RUN.BAS, then the tash re-compied. Once thiz has been done, changes to
regietera 70-81 are effactsd simply by seting HSL_AESET@ 0N tihe procedure oUtfined
beow will anly be noaded Tor making changes to offine variables).

Thevariable narmes usad in thefollowing procedurs are cormpatibdewith the corfiguration
tasks ksted in the programming examples of Section 4.5. Thlz procadure assumes that
the Intedock adder kogic and the speed [oop erhansements deseibed in Secdon 4.5
hawve beon nstaked. All register references are 1o dual port memoeny on the HSL module.
1. Ensure that communications have been estatlished (LINK_ OKE 15 ON).

2. Sat UFDATE EMABLES OFF. [Mole: thiz may result in a fimeout ErTor)

3 et COMM_RERET@ (register 31, bit 0) ON then OFF and meake sure thaf
COMM_ERRS% [regieter 2F) goes to 0,

4. I the only configuretion changss necessary are fo dual-port registers T0-81,
procesd o step 23, I changes o HSL-mapped offine input varialles (or both)
are required, continue below:

% Insure thet CMD_REG {register 30) ts 0 and TX ACTIVER {register 29, it [ iz
OFF

6. Set CMD REGY (register 30) 2.

7. Imsure that M3 STATUSS (register 28) ~ 0D40h and COMM_ERRS% fregister
26 = 4.

8. Insure that CMD_BEG? [register 30 |s ¢ and TX_ACTIVEE [register 29, hit ) is
OFF

8, SeHINPUT_INTSS: sregister T) o ihe TOTAL number of inpurt integars 1o ba sent
1 fha MexFak Hl drive,

140. Sal II"-.IP‘LIT_EDDLG’*.-E» fregizter 71] to the TOTAL nember of nput boclean
variables to B gent o tha BMaxPak 1,

1. St GMD_BEG [register 30} - 4.

12. Inswe thal LINK_OKE is ON, CMD_REG [register 20) = 0 and that
TX_ACTIVE® : (repister 29, bit 0) iz OFF,

13. Insure that the desired values have been written 1o all olfline HSL-mapped input
varables.

14, Sat CMD_REGS: {register 30 =



14,

18.

17,

1.
9.

B W

27

28,

irsure that LINK_CHOE: is OM, CMD BEG?: (ragister 3) = 0 and that
TH_ACTIVE® (regisler 28 bit ) iz OFF

St INPUT_INTS™ {register 70} Back 1o the numeser of anling input integers o be
sen to the MaxPak 1.

Set INPUT_BOOLS% {register 71} back 1o the number of online input boolean
vadlables to be sant o the MaxPak 1],

Zet GMD_REGY [reglster 30) = 4.

Ingure that LINK_DK@ iz ON, CMD REGS (reglster 30) = D and that
TH_ACTIVED (register 29, bit 0} is OFF

. Set CMD REGY (reglater 30) — 3.
21.

Wait for the MaxPak (1 drive to finish itz dlagnostic sequence and go onling
(“WELCOIME™ message displayed).

If HSL_RUMN.BAS s not kestalked, ar I the iniialization valves U praduces are not
arcaptable, proceed to the next step. Ottenvize set HSL RESETE ON and wait
for it to go OFF {512 8 seconds). f HEL READY@ comes ON at this palnt, the
corfiguration process has been completad apacessfully,

. Insure that UINK_OKE iz 0N, MP3_STATUS% (register 28) and CMD REG%:

fregister 30) are 0 and thet TX_ACTIVES (reglster 29, bit 0y is OFF

. Make any deslrad chatges 1 the contents of Reghsters TO-81.
. 26t CMD_REG% (reqister 30) = 4.
. Insure that UNK_OKE is ON, CMD_REG% {ragister 30y = 0 and that

TX_ACTIVE® {register 22, bit 0) iz OFF
et FLT _REZETE OM then OFF (This assumes that FLT BESET® i included in
the HZL register map as an input boolean. )

Inzure that DAVE_FAULTE (FLT_DRIVE_FALLTE) l= OFE {Thia asaumes that
FLT_DRIVE_FAULTE is included in the HSL register map as an oulput bealean
varabla. Depending en configuralion and multiplexing of varables, it mey taks
several seaotds for ORIVE FAULTE ta fumn off )

. Set UPDATE_EMABLE® "ON" to re—enaltle fransmission by the speed koop.



APPENDIX K
Overview of High Speed Link
(HSL) functionality

The basic concept of the High Speed Link (HSL) is to transmit Inleger date in dusl
port registars 1100 - 1355 (of the 57C424) and boolean data in dual port registers
1400 - 1415 to the MaxPak |11 (MP3) and receive imeger data from the MPZ i dual
port registers 100 - 355, and receive boslean data from the MP3 in dual port registers
400 - 415. Uzlng this data in a meaningful way is up 1o the appcations PO raTITES.

Typleally, & user must first create a configuration 1ask thet contains the proper
mapping of variable names o 10 registers using IODEF slmlernents (see the Autohax
BASIC programming manual for defingtion of an IODEF statement]. A typlea link is
tescribed i section 4.5 of thiz instruction manual, Next, the user must msurs that the
regislers defined in the conliguration task corespand o the H3L varisbie
sgsignments downloaded Inio the MaxPak ll drive, For example, o sethd ChL REF%:
from an AutoMax processor ta the MaxPak |1l drive Leing the HSL, the followlag
azalgnments would be necessary:

Autoblax Configuration File
100 [ODEF CML_REF%[ SLOT = xxXxX, REGISTER = 1100]

mln.ﬂaxF'ak 1Nl drive canfiguration file
100 HSL_IN_INT G600 = CML REF%

(Zee section £.5 of thlz Ingtructicn manual for a detsifed applicatan exampla)

The HEL has £ registers which are used to comfigure the link. Using haze registers
the applications programmer can defing the number of registers {irtegar and
bookean) ransmited and recepved by the HSL (S7C424) wfirarm the MaxPak |11 drive,
@5 wWell as the maximum nomber of registers which can be transmitted per message
tor the MaxPak Hl drive, and the timeout period for stooping the H3L on the 570424

For exarmple

Assurma the ueer hes requested o sand

187 integers to the MaxFak N drive and
= booleans fo the MascPalk 111 driye

and has requestad 1o receive

83 imtegers from tha MaxPek Il drive and
&3 booleans from the Ma=Pak 1 drive

The user rust therefore prograr the HSL dual port configuration ragisters as folows
fand issue a "COMFIGURE" cormemand) ;

Fegister 70 = 187 (Nurnber of imtegers 10 tranzmit to he MacPak 1 thrhie]
Registes 71 = 33 {Mumber of bogkeans to fransmit to the MaxPak 1 drive)
Reglster 76 = 53 {Number of intagers to regeive from the MaxPak Il dnivel
Reglster 75 = 55 {Number of boaleans to receive from the MexPak 1 drive)
Reqister 30 = 54 (34 millisecond timeout parioad)
Aedistar 81 = 44 (44 * Gms = 22 ms soeed foop tirme perisd; ar the

rate at which the appplication will be transmilting meszages

10 the BlaxPak il drive)



Using regisler 81, the 57C424 saftware can now calculats the magdmum number of
brytes of data which can be transmitied o tha MaxPak (| drve In ens scen {or in 22
ma N our example). If the scan period 15 langer, then the largest mestaga which can
b tranamitted in that time will be longer, and i the scan period between ransmitting
meszages = shorter, then less byles of dats can be sent per mesesge and hence the
messaga kenglh for that scan parind would be smaller.

For each value of register 81 (range 11 - 158) the 570424 maintaine a tabls af
infarmiation talfing i how big each message can be and how 1o utkze the byles in that
message. In other werds, how many registars will sfways be sent each treasage and
hawe many ragisters will need to be multiplexed or broken into groups and tranemitted
ACross sevaral messages.

The: ideal situaton wedld be 7 the HEL coud sand afl the registers requeasted by the
USEr M evety meszage or each GCS/Atromax epeed oop scan (In our axample 22
ms}. This, however, s not possible since | prysicaly takes longer than 22 ms 1o sand
187 mtegers and 58 booksare at 41.6 Kbaud. Tharsfore, the HSL breaks each
message into 2 parts.

Fized registers Multiplexed regiaters _!

H3L message format

Fixed registers

The first sechion 13 callsd fised because a 'fixed’ group of registers (starting with
tegistar 1100; which ls always the first integer reglster transmitted) will be ransmitied
avery meszage from the 57C424 1o the MaxPak NIl drive ones the configuration
registare 7,71,75,76,80,81 heve been programmned.

That means thet § registers 1100 - 1109 are the fixed reqisiers to be transmitted, then
thise registers will be sent fram the 5TC424 dual port 1o the MaxPak 1| drive every
tme an “UPDATE" command is iaswad to the GFCA24.

& High priceity foied registars

Wilkin the: fixed section (the regrters being fransmitied and recedved svary
messads) there iz a further division Inle high priorty and ow prionity registers.
The data placed in high pricrty registers will be used by the other end of the
link as soot il = recedved and verified by e otrer end of the link. These high
prigrity registers are used befors the remaindsr of the incoming message is
receed {in cther words while the other data characlers are still baing
transmitted acroes the serial lnkg,

The MaxPak |It drive fransmits 1o the BYC424 2 high priority integer reglstors
every messaga regardless of the L2 SCAN PERIDD?: on the MaxPak I drive.

Tha 57CA24 fFansmits 1 high prionty imeger register 1o the MaxPak 1l drive
avary message regardless of the Autebax OCS scan rate {register 87).

= [ow prioHty fixed registers

Eew prionty fined registers are also guarantesd to be transmited svary
messads, but the erdine message must be received hefores the data ks used at
the other end of ihe fink. The numbar of low priarity fixed regiters is a lurction
of aw much time the user will allow te HEL for transmitting a message

(L2 SCAN_PERIODY for messages coming frem the MadPak 11 and rogister
81 for meessages from the 57C424). thus placing an upper bound an tha
massane engih,

The |ow priorty reglsters consist of both nleger and boolean registers, The

number of each type of register iz defined in Table 2-1 and iz based on the
sran period of the DCS application {Register 81).



Fixed registers

High priarity registers

Low priority reg-i;tm's

Multiplexed ragisters

1 imeger reglster
frarm BFCA24 to MP3

# ot it and bool registers
from 570424 1o MP3
{value In Reg B1)

#of irt and bool registens
from 570424 ta MP3
(walue in Rag &1}

2 irteger 1eglsless from
MP32 to 570424

#of int and bocd reglsters
Iram MP3 o 57424
detarrmined by

# of irt and kool registers
from MP3 to 5TC424
detarmined by

12 SCAN_PERIDD®,

L2 SCAN PERIOD®:

Mukliiplexed registers

Thiz 5 tha section of svery message dedicated to muliplexing the remaining reglaters
that woulc net fit info & single message. Multiplexed registers are used in ordar o
alowy LU o 256 regislers fo be sert/received white fill Tmiting the message langkh o
much kess then woukd be required o send all the data in one message.

The size of thia ssction in each messege is also determined by the
12 SCAN_PERIOD® for messages coming from the haxPek (1l drive and by reglster
&1 for messagea Imm tha 570424,

Note that every time an UFDATE cominand is jesued to send a message from the
570424 to the MaxPak IH drive that only ONE meszege is transmitied. A single
UPDATE commmand does not transmit all reglsters requested to be sent to tha
MeccPak 11 drive {comfiguration registers 70,71). The proper multiplexing and
grouping of registers in each message Is handled by the 57C424 but the
appleation must =et the UPDATE request enough times o insure that all
requesied registers are ransmitted. If the user is running a continuous
application then all regisbers will be transmitted evaer ime, However, |1 the user
wants o send all registers only one ime, he must caleulste the number of updats
requesis required, which iz the reason Tabke 2-1 is vaed along with the
accompanying caleulslions in section 2.2.4.1.1.

Fex our sxampla wa can calculate how long it will take o send all requested ragisters.
First we will caloulate the time to send registers b tha MaxPak N drive

Imtegers to send to the MaxPak Il drive - 187
Booleans o s2nd 1o the MaxPak It dive - 58

Notice the vekies in Table 2-1 fior our setting of register 31, For a value of 44-54 (22 -
2156 ma) the table shows the following three cokimns -

Max # of Fized Imteger | Max # of Fixed Packed Max # of Registers
(MFl} Registers Boolean (MFE) Registers | per Massage (MRPM}
18 K| 28

knowing these numbers will now hielp Uz o determine th format of each message
being ransmittad o thea MaxPak |11 drive.

The maximum # of registors pef messaga (MEPM} [23 in cur our example) defines
the total number of registers which can be transmitted in ome message jthis constraint
iz imposed by time - rag 81).

k-3



In owur axamiple 23 1otal registcrs can be transmittad. OF thesa 183 + 3 registers ane of
the fixed type (1 of which i a high priority reqister from S7C424 10 MoxPak 1 drive) ).
This teaves ¥ registars which will make up the muttplexed register section. Therefore
each message update will ransmit the foliowing regiaters

Updele message  High pricelty Lotw priority Muliiplexed
furebet fixed register fixed register rerislers
1 ahvays 17 integer T TR
3 packed boolean o be used
for muliplexing
Register Registers isters
1 1100 1T101-1117 1118-1124
Reglsters
14001402
1 ahways 17 integer T
3 packed boolean
Reqister Reqgistats Reqlabars
3 11 11011117 11251131
Begisters
14001402
¥
v [massages 3-23)
¥
1 ahvays 17 nleger 7
3 packed booiean
Regizter Registars Registers
A 1100 110-1117 1270 -1285
Ratizters
1400-1402
1 always 17 integer e
2 packad boolean
Ragizter Registers Registers
ag, 1100 1107-1117 1287
Regisiers
14001402

Note anly one register is multiplessd
here becauze only ope imeger regisier
remaing in the 157 to be senl Thetelora,

this message will be shoner than the
previous messages.

Motz that afl the imtegar raglstors which wadld not fil in sach maz=sge have just been
multipexed in groups of 7 (exoecol he 22t messags whick was only ore), Now the
bedleans which wouls net fit inte eack message are muliplexed, [t shouwkd be noted



that booleans are atways sent az packed 16 kit yegistors evan though there may only
be 1 bltor boolean defined in that regisier.

Recad| the Lger wanted 58 booleans sent g the MaxPak il diive. Each messacs hes
room in the low prlonty feeed saction to send 3 packed booleans (or 48 boaleans =
16 * 3 registers). That means 35-48 = 11 booleans must be mutiptexed, These
eheven bits will pack into one 16 bit reglster 5o that only one mutiplexed boolean
reqister needs 1o be sent Therefore, message updats 25 haa the following formsat ;

1 always 17 Irtacgar 1
4 packed boolean
Ragistar Fegisters R lslor
25 11{0 11011117 1403
Registers
1400-1402

Integier muthnlecing and boolean muttiplexing are not mixed in the same messane. As
can be soan, alk the Integer registars reguiting mubiplexing are sant and then the
boalsan reglstars recuirltg multiplesing ate sant in ceparate messages.

it should be noted that it requires 26 messages 1o sand alf the 157 integers and 52
boglesns requested by the user to be fransmitted 1o the MaxPak 11 drive or 26 x 22
ms = 572 ms. The high priorty feed register will be transmitied evany maegsage and
be used immediatety upon receipt [ < 3 ms after setting the update request
command in register 3. The low priorily fixed registors will ba mada available for wse
every 22 ms, The remaining 163 integera [187 - 1 - 17 and the rernaining 11
booleans will fake a maxiumum of 372 millkseconds 1o be updaled.

T user maed only be awase of his informaton 1o understand how [ong it will take to
updala the low pricety ragisters.

Al rdtiplesing of registers is handled auamatically by thi STC424. The user simply
kzade his registers and then seis the update command in register 30 1o tansmit he
dat= ta the MascPak Il drive,

The example just described i far messages going from the 57C424 to the MaxPak 1l
drive. The same schene is used in handling reglsters transmittad fram the MaxPak 1
drive 1o the E7C424 with two exceptions ;

» The MaxFak |IF drive sends 2 high priofty regisie:s to he 570424 avery
meszae,

o The table ussd to caloulate maxdmum nurmber of registers is different and is
based on the scon rate of he MadPak il (L2 SCANM_PERIODS).

k-5
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