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FREFACE

The 1073 Digigrive is a highwoowes, hich-parfo-mance drive produced in three
versions for driving stepper matars us o 2000 watts shaft cowes. The various
opbeans availablz cater “or a wide range of anplications and conTrol systems.

This manual gives cascriotions of tre virious system components togetner with
informationr on inslglaton, setting Jp ane fault lecation. An “nlroduction to

stepoes mMotors §5 incluced To- those who may net be tamiliae with thair
characteristics.

Faor further advice on the wse of —nc arwe, ang assistance with ary stepping mator
appiication, please contact Dhgiplan Limited.
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2. AN INTRODUCTICN TO STEPPER MOTORS

2.1 Basic Principles

& stepper motor may be described as a rotating maching in which the rotar moves
through disc sty angular steps in rasoonse 1o weoltage pu ses app ied to the motar
windings, The size of cach angular step deperds primarily on t+e corstrustion of
tne matar, thercfore it is possible Lo wse the cavice in @ positon control system
withaut a igechack loco since the moverrent cbtained from a gives eluce"cal
input iz wall cefined. Such & control syster g'ves hicn accuracy and fast rasoonse
without the complexicy a~d szabiisation problams associatec with feedback cartrol
sy§lems, and the incramertal Sature oF the metion iz idaal'y suitad to control by
§ cigital logic system. Mevertheless there are costa'n limitations whict must 0
taken inta account if the Tull potantin oe-formance of a stepper moier system is
to b roalised.

Sieppar motors may oz dwided inlg three mrain groups — veriab'e reluciancs,
permanent magnset and hybo'd, The kyorid mater hes emzrgec a5 the most suitable
type fur the majority of apolications simce it enmbines t-e desirable features of
the gpther two types, so furtser discussion wil be co~f ned to this tyos ol motn-,

The theary of opgration is most zssily undersiood by ce-gdering the sirrale
diprase, « stepdrev. mator shown diagrs amatically ir Fag. 1.
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Trne motor consiss of a permanzntly magnetised ratar 3 Twe 2o of sstor
pules, wact pair catry ng two windires or ‘phases. In Tme aoserce of dny slstor
carrent The ratar trigs o dsse e f positios of nonimumm magnetic raluctence, weich
rmeans it dttemais 1o aligs sl wit™ one ar other of —-e Lairs o7 slator ooles.
Tnis gives rise w & ‘celent forgae’ wnict procuces T2 ‘nalchy” ferl o a de-cne--
i sed motor,

Wher & curre=t is mags e Tlowe inane of thz pRases g8 shown in Figoliar, Lhe romor
will align itself with 1o field aroduzed by the stator. Fence if current tlows in
phase 14 102 rolar aligns iwse.? with poes 1 end 3 a5 ingeated, She torcoc whico
would mow Be ragdirec to pull she rotor out o & igteneet 05 weoy IMacn Qrester
Ihan 1~e getens targue and 5 s lec the "holding lorgae

S ppese now that currest s mace to flow i pnase 24 instead of phese 14, z2:
indicatzd in Fig. Tkl Tna retar well alignoitszif wvitn U nww gtator tizig ane
will therelore romate throagh 90 cegrees to ime wp weith poles 2 ane € as shown,
Sirrila® y, s.bsecuent anergisazior of phases 1B an: 29 wil procuce “ucther
rotation of thz rosos n 30-degres noremerts (the Selos procuces oy 18 200 ZB




are in opposite directions from those genarated by 14 and 241, Hemce by sequenti-
ally energising the four phases the rotor may be made to turs continuousiy but
always in discrete, defined steps. By revarsing the sequence in which the phases
are energised the rotar may be made to turn in the gpposite direction.

If two phases arg anergised simultanesusly, the resyltant magnetic Sield will be the
vectorial sum of the individual fields, Thus by energising phasas 1A ang 24 tagether
the rotor becomes aligned as shown in Fig. 1ic). It is seen that this new position is
displaced 45 degrees fram the previows adjacent positions, in other words a half
step has been produced. By alternately energising the phases siegy and in pairs it
is therafore possibte to produce emght half-siepns per rev. instead of four full steps,
land in fact there are advantages in using tne smaller stap size, as will be expiained
ater,

OF course a motor with such 2 large basic sten angle would be af limited practical
value, but it is a simpia matter 1o redwece the step size by making a multi-toothean
statgr which has many pole faces equally distribated around the rotar. During a
complete energising tequence tre field fror such a stétor appears to rotate anly
through the angle between one stator 100th and the next, hence The rotar stang are
carrespendingly reduced in size, It is important to realise that ~ow the encrgisation
af one particular phase no longer determines unaiquely the position of the rotgr; i
will be stable in as many angular oositions as the-c a-e teeth on the statar. | sutfi-
cigrt load torgue is applied 10 the rotor to deflect it by maore than half a stator
taoth pitch, it witl jumo to The next stable point and a permanent positional
error will mave heen intraduced. Thizs is an importan: aspect of stepper motor
behaviowr from whicn it is clear that the maotar rmust always be able to devalop
sutficient torgue to overcome the frigtional znd inertiai loads ‘mposed upan it.

2.2. Terminology

At this point it is appropriate to define same of the erms used ir conrection with
stepper moters and thei- opetation, Somes of —mo torms ~ave been used alrezcy and
others will be introduced in the next secticn, The list has nean canfined to thaose
terms whicr &ré necessay fom a hasic uaoerstanding of sleupsr motar cysters.

Detert Torgug — the maximum torgue which may be applied te the s=aft of ar
unexcited perrmsnent-magnet or hybeid mator withaot caus ng conLinueus rotatian.
There is no detent torgue with & variabsgrelucrance motor,

Holding Torgue — the maximum torcue which may be applied o the 5547t of an
energised motar without cassing continaaus rotation, This zargao is very muck
greater than the detent zargoe,

Step Angle — the angle threuch whice the rotar moves ic resporse to a singla
slectrical step from <he drive. It depends parzly on the rotor construction and
partly on the drive systern being used. It 5 possible 7o subediv de the basic motor
step in arder 1o produce smailer step angles,

Aesciution — anpthe- way of sxproessing the steo 2nc o, but givern n terms of the
number of steps tar oow cormplete ~evoiution of the motor sraft.

Angular Velooity — the meen rate of shaft retation when the motor is he ng
stepped tontinuously. It s equal to the product of step angle and stepping -ate
and may be expressed in revoluTions per minute.

Stepoing Rate - the number of steps per second pestarned by the motor.

Less of Synchranisin — the condition in whick the numrhber of steps pariormed oy
the motor differs from the number of electrical szeos celivered by t9e drive. Tris
may be causec o omany ways out it s Lsually the result of the inglantanzous
STepRing rate osing toa high o an excessive loas on tve matar. The erver praduced

e

5 always a multiple of 4 steps on a 200 step/rev. motar,

Start-Stop Aange — the range of stepping rates within which the motar may be
started or stoppac Instantamecusly without loss of synchranism with a given lpad.
Slew Bange — the range of stepping rates above the start/stop range which the
motor will follow without less of synchronism orovided that ramping is used.
The motor cannot bo started or stopped instantanecusly witnin the slew range.
Ramping — the technigue of progressively increasicg or decreasing the steaaing
rate o that the motor acoelerates ar decelerates without losing steps.

Phage — ome of the motor windings across which the drive voltage is applied, The
1073 Drive was designed for 4-phase motors which have four windings arranged
as two pairs. wWhen used with 2 bipolar orive the two windings in each pair are
connacted taogethar and treated a3 a single winding. The motor then has effectively
only two windings which are referred <o as Phase 1 anc Phase 2,

2.3 Performance Characteristios

1. Singfe-step respanse

Im orcer to understand the besaviour charagtesistice of 2 steppar motor i 05 neces-
sary to appreciate the naturg of the tornue developed by the cotor. Tnere is clearly
no torgue produced when 19 -otor i its stable postinn, ie, aligned with he
stator fiald, If the rotor ig torcibly cisplaced to tho next stab.e poins there will
again be no torgque aroduced in Ttis now poscicn. Half-way between these two
stable points There is another zero-torque pos-tion, out this 1§ an unstable paint
gince a slight deflecticon witl cause the rotor to Jump forward or bBack to the negrest
stable point. In betweer the stable and unstable points the tarcue rises angd falls in
an aoproximately sinuscidal fashion &s shown in Fig, 2, In the case of the simple 4
sze0/rev, motar of Fig, T the maximum lorgus wil' be produced when the rotor s
displaced 807 from the stabe pos tion, e, ang tull step.

Consider now what happens whan the phase currents are switched so as to advance
the rotor ane step, as in going from Tia) to 14h), When the current 's established
in the new winding the rotor row firds itself at a position of maximum torgue,
i.£. i displaced A0 from what will be e new step position. 11 therefore oeging
t0 acce'Brate towards tne new positior, duricg sehick tife the torgue “alls ontil
it becomas <ero &t the stanlz poirt, By the ting the roTar reacnes the stablz point,
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i7 has aciuirzd ~omE-tum oy virtee o TF ot asce ) therefare aves
shocts, zausicg a raverse lorgque ta oz oroduzed which tonds 1w retuer 2 o ioo
stanle positian. 70 is alearly an csnideto-y candit’an and in 2o 198 ~alore o 1ae
si-gie step responsc i typ cal v a3 showen in g0 3. Frictional loadivyg oo the shall
acts a5 a damaing Torse, anc &n norease i the tricl snal logd ceuses she aszillzThans
to cie awdy mew o.adckly,

2 Meadtinte-Sten Response

The kehaviowr of 3 motor whe= ge-form ng motipee sleps s asealy deseriben by
rezr: of 2 Tooaue speed carve, This cures iaeicates Bow the eveilanle torque
varies with the steapiszg raly; the lorgoe o.70ut cocreasss < §tenping -2te isi-
cregsed. pe-tly cug to & ceduct an ivinpul coreert cacses by the winiling ingog.
TEted anc pErly 25 g rmeult of anoicceeass i edoy currents ane hysteresis csics
whizch radoes the effic ency ot T2 noter, Thare are teo besic curves et ich des-
aril t~e pe-forsacoe of tho oo g startistop curve arc a s ew curys, il osirates
i~ Fig. 4. The starvisiap carve shows e maximum tooque logd agains: wh oo the
MGEor C2N EZart .1 Syrchece'$r gt g pacticular stopping ate, wolbk & saecifiec
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imectian laac: =2 area wnder this cusve 5 ¢a lad the startfszop range. The slaw cuve
showrs The max’mfoT tarc. e evailable when the mctor is gradua. ly run .o To spoed,
ang the arse Latwsen -2 Lwo corves s cahied <me slew range o slew regan. The
rmatar Fust always bz slarted within the startfstop range and then be gradually
accelorated into the §lew range, 85 it Zannot b2 slartec nstartancously witnin the
siew range. Similely & moter oozretng in the s ew range must be decalzrated into
tne startiitop range ocfara it is Brouckr loorast, atboredse it wil overshoat an
stooning, The 72 tiatop 3ad sew cucwes are sorcTimes -eferrec to as the oull-ir
dne putl-ouT korgue corves respective .y,

I shiule: me ~osed that 1w performancs of = matar is largary dependznt an <he
driva syster used and onary external lozd, Tnerefore a Lurcue-gpeed curve is mesn-
irg ess unlzse this inormalion is neluced.

3. Resonance

Bsferric: Back to F.go 3, 0t 5 ses- 1hat 772 -otor oici-lates aboul ing foal oo
pos-ioe belors cor.ng to rest, Al coele nosteoping fregeencies tuese cecil'azions
car Seticoily attcot the pehey oar at v motor oy orodasing rescea~ce effects
or kvan fassing tne matcr to stal - The amplitade. frec ency ¢ ceczy ratz of the
escillations depenc wey much on 1oad and deive condit ang. Anowonortial loas
currigs with = the riskh of ‘nerezsec resonansz Trousle. & ftinra loac acts 94 &
camping Soroe e leedgs fooocuce the ook e, A sTeoaqd vis.an drive sysism,,
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together with active currant rggulation as used in the 1073 Drive both result in a
signifigant reduction in motor resanance phenomena.

d. Static Accuracy

With an unloaded motor the angular accuracy of any particular step depends
mainly on the quality of renstrugtion and is typically + 3 minutes of arc for a
200 stepdrev. motor. It is important to realise that this errar is non-cumulative,
in other words the errar after rotatian throwgh 2y nomoer of steps will still be
t 3 minuies. in practice it i3 difficult to achieve this accuracy in systems which
have any frictional load, and this is particularly true in a sul-step mode. When a
torgue load is applied to the motor the shaft will deflect from its no-logd position
until sufficient tarque is generated to equar the load, Fiy, 5 shows a typical torque/
deflection curve for a 200 step/rev. motor, The holding torgue depends on the
motor current gt standstill, and Digiplan high performance Drives are designed 1o
ailow adjustment of tqe standby current according to the application. 10 mast
cdies a stanchy currgnt of 30—40% of fuil mator eurrent iz sufticient arnd *his
engures that the moter and orive remain cocl during standby pericos.

2.4 Drive Systams

In the simplasz tyae of stepping motor drive, Tour transistor switches are used to
energise the motor phases as shown in Fig. 6. Ina full-step arrangement the phases
are usually emergised in pairs in the secucnce AT+BE1, B1+AZ, AZ-B2, BEZ+AT. In a
half-step drive the phases are energised alternazely singly and in pairs as explained
in Section 2.1, In thiz ease it is necessary to reduce the currens when twa phases
are angrgised simulianeously 50 that the torque procuced on aiternate stops is the
same, otharyise the steps will be alrernately strong anc weatk,

vt

SIMPLE STEPFPING-WATOR ORIVYE FI5 6

It is tound that tme low-speed molor e*ficiercy in terms of toroue per watt is
usually some 20% -igher wnen two phuses are encrgized instead of one, and a
“urther imargvenent may be achicved oy energising all fou - weindings simultanecusly.
However, wizh tre $imple drive system, rnergising coils A1 and A2 1ogether wi.l
produce magnetic figids which tend te cancel each other cut. Hence it is NECESSETY
1o ermploy & different d-vieg a-rangerrent which can feed current throwgh tha
windngs in either direction, 3+ than the paics o* coils can be intersannected so
that their magnetic *ields are additive. Suck a systern is called 2 bipolar crive 2nd

it

5 shown in ity basic “orm in Fig, 7. Current is made to flow in either direction
through the windings by switching an egizner TR1 or TR2, and it is founc in
arsctice that a turther improvement of 25—30% in torque oer watt is achievable
wsing this technigue. This imprevemant in efficiency 1_.1.-'|II not narmally aoply at
hign speeds wehen the bulk of the losses are dug to edey cusrents and Fysteresis,

BaSIC BIFOLAR DRIVE \QHE PHASE OMLYI FIG.7

The drive system used in tne 1073 is ar extension of the oasic bipolar arrangement
and is kacwn a3 3 hipolar bridge, snowe inosirplTied form in Fig. 8. This system
Lses 4 extra pair of swtcnes but hes two important advantages — only ung _rmwel-r
supply s recuired, #nd ke peak to-peak vodtage spplied across the w_lndll‘lgs Ie
twice the supaly woltage. This is ‘reportznt at oigh §tepping rates as will sharty

heeome clear.
T Ve

BIPOLAR BRIDGE DORIVE FIG &

Tha ov vwe syiaTis 0 lar consicered aperate very well 4% "ow stepping ratss, out as
H H . L

speed i3 incresgsd the incuctance of the moter windings sta-ts to beeome a proalem.

By its very nature an inductance oppaoses a rapid build-up of current and at hich




speeds the current may only have time to rise to a fraction of its steady state value,
with a corresponding redustion in torgue.

The rate at which current builes up ivan inductance depends on the voltage applied
to it, go inoraer to obtain a rapid risg of curreat in the coils a farge valtage must be
apolied, Chnge the current has risan 1o the required vaiae the high voltage must
sprmehow be reduced, othensvise the current will cantinue 1o rise until it becomes
limited only by the winding resistance. & commaon method of achievirg this is to
feed tha coils via a series resistor which will limit tha current to the required value,
but this arrancement is very wasteful and at low speeds the gdrive may be dissipating
consideraaly more power than is actuatly being delivered 1o the motor.,

The method adoptec in the 10073 Drive is to use the upper pair of bridge transistors
a5 ‘choppers’. The coil current is allowed to rise about 10% above the reguired
value, at which point the upper transistor whicn was previous.y conducting is
turnad off. An alternative current nath is provided by a free-wheeling diode s thar
current can continue to flew in the induetive winding, but due to resistive losses it
weill steadily Fail, When it has dropped to 10% below the required value the transistor ©s
turned bagk an, In this wey the mear current is maiataned at the required value
with minimal dissipation within the drive.

Fig. 9 shows a simplified version of the choppe--stabilised bridge together with the
associated current wavelorms. The current path during cach phase of the regulation
cyole is indicated by a heavy line. It will be seen that tne motor current always
flows through a small sense resistar B to provide a feedback voitage proportional to
current — this feedback voltage is used to controt the motor current by modulating
the condusting too switches.

During phase lah, switches 51 and 84 are turned an and the current tises in an
approximataty linear fashion s showr. When the upper threshale is reachec, S1
is turned et ard the currenl recirculates through S4, O1 anc the sense resistor B
as shown at (b1, This continges until the current falls ta the lawer threshold when
S1 s turned o again as at ja) und the cyeole repeas.

Weeen current is reguired to flow in The gppasite direction in tne coil, 82 and 53
arg turned on &% skown no(cr. Again the cerrenl i allowed to rise 1o the upper
threshod wefore 32 s turned of and the current recirgulaies va 53, 02 and A as
shawen in (gl],

It will be seen that current always flows ir {he same direction through e sensing
resistor regardless of which switches are or or which way it flows througn the
goil, Therefors the feedbsck wvoitage is alwavs in e same sense and the same
thrashald levels aoply.
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3. DESCRIPTION OF THE 1073 DRIVE

3.1 Specification
Drive circuit:

Max. Power output:

Motor supply voltage:
Max. motor current:

Max. stepping rate:
Auxiliary power output:

Supply voltage:

Supply voltage tolerance:
Dimensions:

Weight:

Operating temperature range:

3.2 General Description

bipolar, chopper regulated.
3000 watts (CA)
1500 watts {CB)

800 watts (CC)
240V DC (CA, CB) 120V DC (CC)
CA: 14A/phase (two phases on); 20A (one phase on).
CB, CC: 7A/phase (two phases on); 10A (one phase on).
20,000 steps/second @ 400 steps/rev.
50,000 steps/second @ 1000 steps/rev.
+ 24vDC = 20%, 400mA max. (CA) 500 mA max.
(CB, CC)
172v RMS (CA, CB)

86v RMS (CC). Single or three-phase.

Supply must be via isolating transformer.
+10% — 15%
8" (203mm) wide, 8%" (209mm) high, 15 7% "
{403mm) long (CA), 13%"” (343mm) long {CB,CC)
including handle.
17Ibs (7.8kg.)

0°C to 40°C local ambient {CA version incorporates
forced air cooling).

The 1073 is available in three versions as follows:
1073 CA — maximum output power 3000 watts
1073 CB — maximum output power 1500 watts
1073 CC — maximum output power 800 watts

The DC supply voltage is 240 volts for the CA and CB versions, and 120 volts for
the CC version. The maximum output current from the drive is 20 amps for the
CA and 10 amps for the CB and CC. The three types are physically identical apart
from the extended length of the CA which incorporates a cooling fan.

Fig. 10 shows the main components of the 1073 system — the translator, drive
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card and power supply. &n ogptional oseillator card may o2 includec snc this
will by considerad later.

-
o
I ~ i 4 . i b "ot H _ E
Fig. 11 snows the physical laygut of the drive and e ‘ocation of the main con e —_—
ganants, The 206 drive card has an integral haar sink angd Forms the right-hand side ) Wy s f
af the drive astenbiv, The translator and cptional oscillator caros alug nto the 168 =% P3E
mather Doarg which 5 carrice o4 8 removable sug-assembly. The 168 baard incaor. + =

porates a 24 volt power supoly, and the main aower supoly makes up the remaincer
of the package, Al tarminazions are brought e the Tronc of tne drive “or ease of
instaliaticon,

*r

The basic input signal reguired by the systern 5 @ series of ramoed or uniform clack )
pulses, the number of pulses correspondiag 1o the number of steps the motor is
required to oerform. From this oulse secuence must be gensratec 3 set of
cantrolled drive waveforms which, when apolied to the stgpaing metor, will cause
it toexecute the required number of steps.

Foe
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CLURKEHT

I
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RESIGTOR

The first part of the progess is carriod cut by The translator, |3 oenerates a series
of .ow-level sagnals which wili oe fed to tne ¢-"ve card 1o contro! bot- the timing
and directior of the currents tlowing in the motor windings. |n generating these
signals the translator must take acegunt of the reguired direction of rotatwon, as :
specified by the “Motor Directian’ input, Twe alternative translators may De sup- ~
plied with the 1073, the stanaard 204 translator giving 200 or 400 stepsrev. and 9
the 208 multistep translatar giving 800, 800 or 1000 stens/rev,

The drive card s essentially an amplifier which celivers the necessary power ta the o
motor in respanse to the control signals from e translator, 1t incorporates the
hipolar, chopper-regulated switching corcuitry mentiomed in Section 2.4,
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A sgcond function of the translator §5 to cortral the magnituce of the mator
currents, both during the stepoing secuence anc whilst the maotor is stationary.
Iz achieves this by messuring the motor current using a sensing resistor and than
using this information o cont-gl the signals fed to the drive card.

The system comaonents will now be considered incivigually in graater cetail,
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3.3 The Translator and Drive Card

The translutor and drive carc are closely i~ter-related and are therefore best con-
sicered as 2 single unit, Fip. 12 is a black dizgram o® the complete svstemn, end
for the sake of clarity the ¢ompanents which are duplicated for ohase 2 have Ligen 3

cmitted. The syszem with a stancarg 204 translater will be cansidered firss anc the
208 mualt'step translator will oe discussed later,
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Tne incoming Clock and Direction sipnals ae fed to an 8-state colnting circuit
which will produce 400 stzpsfrev, with The usual 200 stepfrev. motor. The trans-
wtor generates the timing waveforms shown in Fig, 13 and it will be $sen that the
onazes arg anergisad alternatzly singly and in pairs, this oeing 4 half-5%ep s2quence
giving 400 stepsfeev. A I'nk may be ‘nserted an the board to convert the system to
2000 stepsirev, This is aghieved oy generating an zuxiiary clock puolse 30us after
each intomring clock pulse which causes the trunslztor to pass quickly through the
intermediate state, It should be nated that 400 stepsirev. i5 tha preferred mode of
Qperation 35 motor resonance effects are much reduced and the bekaviour is
smeather, part'oulsrly at low speeds. Tha maximers 2agelar velocity for BPRM)
gitainable from the motor i unaffected by the stepping made, eguivaient o

HTRTE

l2c4 |

L]
THAH 5L ATOR

OE-EMERFISE
JEWERA TOR

REGLL & TOR

[FOL JBACK
TIMCR

FalllT
o
CHERSI SE
— .
OIRECTION

LOCHK

FalLT

TERMN FHARE

ST
e — LT
PMBSC 2
—
FEENRACK
REGEMERATION
———
L
-
#FFCRENCE

REFERENCIL




20,000 steps/second in the 400 steps/rev. mode or 10,000 steps/second in the
200 steps/rev. mode.

A ‘zero phase’ signal is available from the translator which indicates that it is in
the first of its eight states; this signal will occur 50 times per rev. In addition,
the translator is always preset to the zero phase state when the drive is switched
on. This signal is therefore useful in establishing a mechanical reference datum.

The X and Y timing waveforms from the translator determine the timing and
direction of the current in each motor winding. Associated with each winding are
four power switches S1 to §4, interconnected in pairs as shown. The upper switches
S1 and S2 have an additional control input to which is applied the chopping signal
for current regulation.

When X1 goes high, switches S2 and S3 are turned on. Current starts to flow
through the motor winding from 1A to 1B and it is monitored by the regulator
comparator using the voltage feedback signal VFBI. When the upper threshold is
reached the comparator switches over and turns off S2 so that the current then
recirculates via D2. The current slowly falls and reaches the lower threshold,
causing the comparator to switch back and turn S2 on again. The frequency at
which this “‘chopping”’ occurs depends primarily on motor inductance and it is
typically around 2kHz.

Similarly when Y1 goes high, switches S1 and S4 are turned on and the same
cycle of events continues but with current flowing in the opposte direction through
the winding. To de-energise the motor all X and Y signals are forced low, preventing
any current flow through the windings. It will be seen from the timing diagram
that a larger current flows when only one phase is energised in order to help main-
tain the torque on intermediate steps. The reference generator therefore has an
input from the translator which causes the reference level to be raised when only
one phase is energised (points B, D, F and H on the diagram).

The regulator reference level may also be modified by means of the boost input,
which enables the current levels to be increased at strategic times when extra
torque is required. Conversely the facility may be used to reduce the current
when the torque demand is lower.

A circuit is included which will automatically reduce the current at standstill. In
most applications the torque required at standstill is less than when the motor is
running, and by reducing the current at this time the dissipation in both the motor
and drive may be minimised. A delay circuit, triggered by the incoming clock
pulses, reduces the regulator reference level if no clock pulses have been received
for 80mS. The reference level is restored immediately another clock pulse arrives.

All the operating currents (i.e. regulated, boost and standby) are programmable
by means of resistors on the translator board. Tables 3 and 4 give values of the
programming resistors for a range of operating currents.

The translator board also incorporates circuitry to protect the switching com-
ponents from damage caused by excessive motor current during deceleration.
When the motor is running at high speed there is energy stored in the rotor and load
which must be dissipated during deceleration. During this period the motor there-
fore behaves as a generator and pumps power back into the drive, and this can
cause excessive current to flow in the power switches. A comparator monitors
motor current against a fixed reference, and if this limit is exceeded it causes all
power switches to be turned off for a period of 100uS. The regenerated current
now flows into the power supply capacitor which presents a significant load to the
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REGULATED CURRENT (ONE PHASE ENERGISED)

TIMING WAVEFORMS FiG.13

15




ratar and aids decele-ation {ses Fig, 14). Further nratection is given oy the nowser
dump circdit which senses ar.ge ia the nigh voltage rail and connects a lo2o resistar
across the supply to dissipate tne surpius oower. The resister is owitched aut of
cirguit @5 soor @ the ra\l voltage returns o normal.

Shaulc an even lasger corrent flow in The motor gue te a fault gonditian, this is
detected by a further comparatar which otally de-snercises the criva,

An E.E.D on =he translator board gives a visual indication of this condition and is
vigible through a hale in the front parel. There is also a ‘Fault’ signal available for
use by the control systemn. The protection circuit can only be resct by disconnect-
ing the mains suppfy, and power should not be re-aoplied until the cause of the
fault nas begr egstablished. The wircuit also monitors tne —24%. supply, since a
failure in this supply could result in damage to the switching transistors. In she
avent ot a power supply failure the protection circuit operates in the same way as
for an pwercurrent fault.
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3.4 2063 Multistep Translator Option

In certain aaplications it may be desirable 10 use a smaller step size 1o improve the
low-speed smanthness of the syitem ano to minimise the effects of rescnance.
The 208 Muitistep —ranslazor is avaiiable to mest this reguirement and may be
specified with 3 résclution up to 1000 steps/rev.

In the stancard translator operating at 400 steps/rev., the intermeciste or halt-
steps ara procdueced oy engrgising one whdse only wsing extra current. This causes
the ratar ta align itself half way betwses the full step positions, Furthes sub-
division of tne basic steo is possiole by warying the proportion of the currents
flowing in the two phases, causing tHe rotos to assume an interrrediate position
related to the -atio pgetween tihw gurrs=ts, This is the tecnnigue used in tne 208
translatar.

Fig. 15 shaws in scnematic form the sten division circuit~y in the 208 carc.
brncoming cleck pulses pass through a divider ciscait with a variaale moduas, and
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in the case af a 1000 stepirev. translator this modutus will be set 2t 10 The outputs
from the divider are cecodad and arranged to control a series of anzingue switches
which are ted from various reference voltzges; these woltages corresponc to the
gifferent currant fevels recuired during the stepping sequence, as showr in Fig. 16.
In this way a cormpasize reference veltage is generated for each phase ard this is
fed to & current regulater as in the standard translator,

Every fifth clock pulse is routed to a basic 200 step/frev. translator which cenerates
the camtrol waveiarms shown in Fig, 16, These signals are fed to the powor switchas
and therelby control the cireetion of current flow in the motor wingings.

It should be emphasisec that the relationship between rotor pogition and relative
phase currents is not linear and varias from ghe typa of motor 1o anathar, There-
fore it 15 necessary for this translator o be set up during manufagture according
1o the type of motor to be driven.

3.8 The Powar Supply

The circuit b the power supply is shown in Fig, 17, A separate isclating trans-
farmes must be provided and this may be either single or three pHase. The ro-
cdirad supply voltage is 172 vels for ©A and CB verstons, and 88 volts for the CC
vessicn. The incoming AC is rectified arg smoothed 1o provide the high-voltage
rail for tme driwe card, and the low-voltage supplics arc derived troem a separats
internal transfarmer running frare the BBV or 172Y input., & 19.%valt winding on
this trarsformers Teeds the 168 Mother Board which incorporates a rectifier and
smoocthing capacetor for the +24y supphy tsee Fig. 181 The translator and ootional
mscillator cards plug inte 188 2nd gsch card nas its own 125 zener stabiliser whizh
is fed from the +24% supoly. The 12% rall deriven on each card powers both the
CMOS logic and tne aralogue circuitry. Sparc caoacity is included in the 24
supply which permits up to B00mA to oe dravwn “rom the auxliary oawer outlat
1400 mA Ca version),

The internal transTormer also supplies 3 vors for a negasive rail sed in the drive
card, and &n extension to the primsry winding is used for the cooling fan when
fitteo,

3.6 OQscillator Options

Digip @n currently manufaczure two types of cscillator card whick may e piogged
directly inig the 1073 d-va, Tray simplify the oroblern of gqenerating clock polse
saquences whict will run the motor up o ils maximem speed without loss aof
synchronism,

The 156 Ramoed Ciock is a wide-range voltage controlled oscil-atar whic may
bae controllzd by DO irouts or switches, Acceleration circuits are included which
dllow the motor to be acoelerated ond decelerated oetween specds as woell as from
ress, This type of osc'l-ator s voually suitable for drgital control or for posit:oning
systerns whegh are contro'led by an oparator,

The 185 Buffered Clouk is interded mainly for use with computer-based and
similar control sysiems which nererate ouspus commands in the form af a pulse
traim al te -eguired rate, ihe number of oulses corresponding to tne reguired
nurmaer f motar steps. The bhuffered ciock will couse the motor to run at the
regquired speed, steqing aulses 1o permit accelesaticn and deceleration a3 neces-
sary.,

When either of these osc’lhator cards s specified, the appropeiate instruction manual
will be suppliad.
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4. INSTALLATION

NOTE:

Before commancing nstatlation remove the cover and chack that all components
are secu~e and undamaged,

4.1 Physicat Location and Mounting

When daciding on the legation and mounting of the drive, there are a number of
factors to bz oarre in ming,

al  Adecuste provision mdst be mace for cogling, The power dissipated in the

drive depends almost ertirely on the application and can vary between wide limits;

it is related to sach factars as motor curcent, stepping sate, duty cycle, dutation
of oocost periads ete, a~d it is terefore zlmost impossible 1o give any meaningful
diss:pation fig.res. In situations wnere the available space or volume of cooling
air is restricted, it is recommendsd that prelimirary tests are caoried oJdt under
normal operating canditiong with the crive Tn f-ee zir. By measurcrment of the mean
heatsinx tompe-atare it is toan 2085 kle *o estimate the dissioation from the formuya

Wo=2T + 20
wharg Wiz the cissipated power - watts and T i3 *ve difference botweoen e
hestsink amc ambiert tempearatures in degrecs Centigrade.

When performing this test an a 1A73CA, first disconnect he cooling tan by remay-
ing the four scraws secu<ing the fan cover withdrawing the cover ang remeving the
push-on fan connecters. The equipment iz designed for 8 maximumm operating heat-
sink termperawece of BOO, byt it should oo Bamre in ming that for maximum reli-
ability the power semiconductors s7ould be kept as cool as possitle. 15 an encloseg
cubicle s to be used it is essenlial that suTtacle ventilazion is provided, and Fig.
19 gives infarmation regerding mounting enclosures, It is preferable for the drive
to be mounied on ooz orails to allow the Maximum unoostructed air frow. When
rcre than one drive is installes and cocling is by nataral convection, allew for a
minimum ko contal soscing of 3% {7Bmml betwean units,

The drive is fitted with mounling flunges front 2nd rear 2s shawn in Flg, 20, and
these are provided with gper-gndec slots to simplify installation and remaval, The
drive mey be meounted noany position aut it is 2dvisable 1o %eep the heatsink ir a
wertical plare, e it should neT torm the 1op or botlom sutfaze of the crive when
Toeunted,

In the case of Zhe TO73CA, {nis version is fitzed with a conling tan as stercard wnd
“ne air ety port nust noet e abstructed inoasy way. This drive may be seaplied
without a fan for wse in syitems which alreacy incoroaorate 8 means of forced-air
cooling, and whe+e pessible thy supply of cooling &ir should be aimed directly at
the heatsink side of the drive.

k] Whera thers is considerable distance betwoen the contrel syster and the motor,
the drive should generzily be located as close to the cortral systern a3 possible,
Wery lang motor leads are u=izaly to presect z problem as long as tney have 8 low
resistance, but low-level controd signals may oecome prone to pickup o grosstal<
prob'emrs over long distances. 1o any ovant the total amount of wiring will ganarally
b minemised with tne drive close to the contrel system,

¢l For setting up and sarvicing perposes it is desirable to have 2asy access to the
framt of the drive, Where this 5 not possible wizh <he drive in its rormal postion,

ensUre toat the wirng and fixing rethod allew the . nit to be witndraw= for satting
U and serv.cing.
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4.2 AC Supply Transfarmer

The drive must be fed from an isc ated AC s.oply of eithos 86 volts ar 172 volts
as shown i- Taole 1. A suitable transfarmer may oz supplied with the drive or it
reay be provided by the costomer, Sincg tere is no AC isolstion witsir the drive
it ts casential that a doutle-woand transformear is uses, Mole that e ransfarmer
eecondary voltage shoula ke specified on oper-gircuit

The current ratings shown in Table 1 corespond 1o lhe maximar power whicn
the drive wili deaver, In meny sppsications the maximur pawer may not be neesded
or the dury cye'a is such tngt the sverags power 15 wery much Iower, Woen &35255.07
the trznsformer raqui-emants, tske 2ecount of such things as duty cvcle i arder to
avoid specifying an wnnezezsarily laoe trans armer.

In mult-zxis svystems 17 13 pesmissibe w0 st ke oor mors drves tom che saro
transformsr, 'nogeneral it is prefeqablc to Use & sanerslse seConcety wina mg o0 2ach
drive, Here again the 3averags power dermand may og ess cthan tre zotal drve
capabibly f for instanca all awes are never calec .oon & mullececushk. Keeo
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in mind that an unused azis will still be drawing the standby current. 1n all cases,
ansure that tme regulation of the suoply srom zerc to full boad meets tha supply
voltage tolerance of + 190% to — 15%. [dealiy =ne transformer regulation should
be such that under full lgad tha OC supply doss not fail by mors than 10% as this
can represent a propoctionata loss of torque and alse reduce the permissibie Mains
voltage fluctuation,

4.3 Supply connections.

Far single-phase cperation, ¢onnect the transfarmer seconoary winding to terminals
L1 ang L2. For three-phase operation, use L1, L2 and L3, Wse 50/0.25 for the
supply connectiocrs to a CA drive, and 32/0.2 for CB or CC drive. Ensure that
there it a scund earth conrection and that any metalwork <o which the drive is
attacned 5 separately garthod.

Table 1. Power requirarmants and fuse ratings

TYPE &F DRMVE FUSE PE
Ca B Ci
RIS AC SUIPPLY WOLTAG 172 72 BE
MPAXIVMURS CLUERENT, A& 20 m 10
SLLSE RATINGS: FS1 154 Ba  8A AMTI-SURGE
F52 1354 ga  Bh ANTI-SURGE
F53 162 BA 84 ANTI-SLRGE
=54 248 248 2A DJ'TK BLOVY
F5E TEA g4 3A OUCE BLOWY
F36 24 2A 0 A AMYIFEURGE

CMTERMAL FLISE)
Suitabile ant -surge “usas Bussmann Tyoe MDA

4.4 Motor Connections

Four eonneciicns arg reauiqed betweer the motor ang the pivg in correctes on
tre drive, Section § shaws Tne connecsio- data Fo- various motoss. [t wil o seen
thas the windings may be connecrtea witer inserirg or inparalicl, snless tha mozor
has only six leads in which case the choige & Letweer using one o- both halves of
each winding. The preferred cor-ection meds dzpends on 1me apolization s ncw
the performance charactersstcs are ifferent ia cacn cass.

Series connaction i-c-eases the induotance per abass 1o foor tires Tne inductance
ot one coil only, There i3 a sigrisicant ircrease in ow speed torgue, bz the torgue
begins to crop off rapidly at hgher speeds,

Farallal connecsion resJlts in less torgue at low soeeds, oul the torgue wil' o
maintained up to hign stepg.ng razes and in fast the maximum power abtairable
fropm the moto s greater in this mode,

Wire uzsed for the interconnections netwaan meotot and drive shoula generatly be
rot smallar than 500,23 {or the CA and 32/0.2 far the CB ar CC. Tre length of the
calle will not normelly oresent a oroolern, but ir sitaations whe-e radio-trecuency
interferencs nust ba minimisec it may he preferaole to wse cable with a collective
sorean. The screen should bBe earthed at ane and anly, &énd the hody of the motor
should also be garthad,

The importance of correct motor cannections cannat be over-empnasised. Far
instance, it a pair of windings became confectec in series-opposition tha effective

24

inuuctance oecomes zero anc the impedance see~ By toe crive is virl.al v a short-
circuil,

It s &lso important that any urused melor wads gk individug 1y nsulatac, and
unces no circumstasoes shou'd tney oe joingd togachar gnless tais is spocit.ad in
tho motes connection data. Do nat atteript to wse 3 Boaad motor wits this dove.
4.5 Control Signal Connections

The main pars of ths =ecticon «ists to2 low-sve sigrdos gporooriate o the basic
drive wit~ translstar; thosz wh ch orelate 1o the optional cock cards are shown in
the ralevant muanusl, Fig. 21 soows the inlerfacs ictui<s Jsed oo the orive arc these
smolld provide suliic’ent snfarmation foo 102 signai eouiremenls 1o os established.
Since the vollsge 2od currant levels are oo there 5 wrlug by noocgsindtios oo tnz

gire of wirg used [or these conneclions, particulas ¢ ows oy 1vg grogd ol gont-e

syslern are in tha same houging, Strarded wirg such 55 1602 wi | general v oz 50t

alla. Where the drive ang costral systems arg housed ssparately, 2 owi | nosmal v

e necaszary 1o use some k nd ot molticare cabve “o- Tha Tntarmoanect.an and bees

a4 csbo with a simgo golleczive screcn s recorrmesdos. T -a acopan shou ¢ Lbe
edrtned dt the conzral syster enc anivy to avaic tne credzic- of eartn loops.

Logir Convention. The voliaoe peals correspo-cicg to locic © chigkd amel lowic
[low) are s~owr o the inte-face circoit dizcearrs (Fq. 211, Mas: o the ze-mina.
functiors sre complener ey, sboves by w bar soove Lthe Tonction remaz, and the
lagic leve is o wihan the sanal o sencTics s prescnt. Foo axampla, an input
such as Yotor Clock s~ wiill respora to ow-gcing transitian, i.e. @ change from

lonic 1 1o legin 9, whice i Lhes gase will Souse the molar to sdvgnees one §teo,

In <he case of 2 trog tunctor (o 290 above tne tunct:an narce) the log.o leval is
righ when t~e signal .5 presan:.

List of Terminal Functions. The rumbe pracedicg eack fumction cenomas the
worminan str.p onumber and thes infarmzation is sarmmarises n Tatee 2, Bafer to
Fig. &1 for e interface circoit details.

T, Lagic Qe Teis is thg common waint Tor ooin the logic signals and the —24W
auxiliary supply, and it shoull Be connected o the common poict of the control
systern. This point is also connectes 1o maing earlh, 10 syStems usi~g severa, crives
it is aretorable far Tmem te be houses in tho seme 2nclosure and wired back o
the same mrains carth Doint. It this is npot possihle ane tme drives are widely
SEPArazed, it may be advisable to use ootically coupled isolators to ntarface wit-

the contral system.

2. Boougt, Taking th's nput low li.e, short-corouiting it to Ol increases the reowlaled
and stanctry cu-remis. The emount By whic these correats aro incroased is pro

gramrmranle by means oF resistor B11 on the 204 translstor boarc ) refor to ine Taole
3 for irformatian on the programmrinc resistar values. The perecntace boost is
el v the case of the 208 Vultistep trans ator. Boasr should nat Ne csed far more
than 28%; of the Hime ar for furiger than 5 seconds at a tome. The haost facdity cannot
ho wsed i the motor idfuctance /5 lese tharn 1.2mMH iCA 00 ar ZmH (05,

3. Emergrss. Dur'ng normal operst on Tnis irout should be at -ogic G and tha moor
will be 2nerg sed, Taking the input —o legic 1 tarns off ali the power switches ang

ce-2narnised the motor. This facility enables the motor to be turnzd oy hand of
owerriden by olher mecngnicai mezars, BUT IT SHCOULD MOT 3E DXIVEMN AT
HIGH SPEED BY EXTZAMAL VIEANS WITH THE ENERGIEE IMPUT HIGH

as this pumps power back into the suoaly ard may overloac she power dump
circait. Sirmilacly tne crive should NOT a2 de-anargisesd whiist the mates is runnisg,
A Lk is normaily nsertec or the translstor boeso to hold this iroLs permencnt y
longe ard i1 mgst By remguead if The de-engrgise Factlsy s -zoured. For i-formaticr
on taze links, re®e- 10 Fig, 22 “or the standard 234 translator ar Figo 23 for the 208




multistep translator,
4, Zerg Phase. This s a~ cutpus signei whish is low duarirg the first of the trans-
lstor states: 't cocurs 50 timas oer rae, with a 200 step/rav. motor, &t swi.tch-on
the translaso- is always “osot to tne ze~o phase state, This signal may be used when
psranlisg~ing & meckanical referecce sirge toe dat.r aositon may be mede
1o COrrospanc Wwits d S28CiT i motor §7e,
5 #24V. Thiz cuxiliary nowes output may oe used o drive d simele contral system
or octher lowepowesr external modules. Tee zurrent drawen Trare this putput shou il
nat eszzed So0mA 400 =A for 1CT30CAL To praserve tre ful supnly wvollage
snaranct, thig ouTput stouls twe geccuples oy o 22000F 400 capacitor i rrore than
1EDM A 05 Coawn
& Motor Bivaction, Charging t-e logec level at this input will reverse the direction
of rotar razation. |5 the motor rurs in the wrong sicaction inrelation ta the logic
‘gval, revetse too connections to one ahase [ey. intercnange the connecticrs to
terrr rals 14 and 1B5 The me<er cirzetion aput should cniy be changed whilst
the matar is staétionary or ru-ring with'n its startfstop speeq range. Mote that if
ane of 1~e optional oscillstor cards s fitted, this connection becocmes an
cutput indicati~g ihe motor direction. This is not necessar’ |y the same a3 the
regoestec direclion at @ timg wher e maotor is being reversec,
7o Motor Clock 1, A lgwegoirg Tre~simic~ on Tnis input causes the motor Lo advancse
ane §te, With tha standard 204 translazor, the input should remain at logic O for
nol cess than Suf ard ~o1 moqe tnan 3045 and snother lowsgaing oulse should
Aot ooous within B0uS lzqu'vsient to a maximum frequency of Z0kHz), 3hould
the clack input be -cld at logic O the drive will not revert 1o the standby condition
and the metor wil- run hot whilst stationary,
Wi-h the 208 multisien tranglator, the input shou:d rermais low Sar at least BuSand
at the maximer cunning frequency it should stay bigh for at least 10u5 petwaen
clock pulses. The maximuer freguescy for tne 208 translator is BOkHz at 3000
szepsrev. and pro rate at lower resolutions (ecuivalent ta 3000 -pml. Mote that the
ciock freguency must ba ramped it speeds wathin tne motor slew range are requirsd,
13 Fault. Operatior of the ocwverleae cut-out cirsuit or 8 power supply Failure is
ingizated by this output gaing high, and the cantrel system must be alers to this
conditign since no further cormmands wilh be abeyed until the fault is clearsd,
Tre d-ive must be switched off to reset the averload circuit, Should the fault
cordition -eappear immediately on switch-on and thers are no external wiring
Maults, it is probabie that the crive nas been damaged.

4.6 Preliminary Checks prior to switching on the Drive

MOTE; It iz important tnat the fallowing checklist is followed betore power i3
auplied to the drwe. Faolty connctions, and short circuits in particular, will
invariasbly result in permanent gamage.

31 Theck that the AC suppiy valtage is correct. Whe-z the isoigting trarsformer has
tappings or multiple wisdirgs “or operation from éifferent suoply voltages, check
the connections 0o these perticularly carsefully,

21 Chack that there are no short circuits oztwean any of the motor comrectons,
With low-imoedance motar windirgs t4is may be difficult, and if there is ary dowtn
the witing between moter anc drive should oe chocked by tzmporaccly discon-
neatirg the matar.

3] Check that thae muoter phases zre isclated “rom sach ataer, With some types
of drive it i5 wszal tor e centre-tap connactions af G-eed motors to be joined
together, but wizh tme 1073 —mey must be ket separate. Mote that B-lesc motors
are not su tanle for ase with ™is drive.

26
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4] Chack that the mator Mas been wired exactly in accordance with the puhblished
dlalta and that any unused leads are individually ingulated and anchored meckanic-
ally,

B} Check that thare are no short-circuits to earth from amy of the motar leads.
Bt Confirm that the drive is being uged with the same type of motor for which
it was supplied. |f this is not the case the drive settings may need to oe altered,
see section 4.7.

7] Finally check that all external connections are sound and tight, and that the
fuses are securely fitted, Switch on the AC supply. With the drive energised it

+.2
coTn Shos
LIP
CCT,3; : CiF

+ 124 LOGID hIGH = +11 TC 33y
LOGIC LQW = vy MAX AT 1374

IMPEDARCE TR =12% 15 GAEATER
THAW LKIA&: OR IK B

LAGIC RIGH= 411 T0+13
LIGIC LOw = 0% TO +1y

GG RIEA =G0 130 HAY,
LOGIC LW = '3 HMax AT I0mA

ISR Lw?

11P re—

e ? E

+12 %
LOGIE HIGH = 500 'Y MAX -
cotie LGS C 0w o« % MAX 2130mA
ar=
oot ge! JIF LCZIC FIGH = iS i1y AR

LAG L LW = 'Y MEX aT ISTa

Fi1G. 21 INTERFACE CIRCUITS USED MMTERMWALLY ON DIGIPLAM DRIVES

o




should be possible to detect the chopper switching noise coming from the motor.
The unit is now ready to be set up as required.

Table 2. Connections for basic drive with translator

FUNCTION TERMINAL STRIP INTERFACE
NUMBER CIRCUIT
(See Fig. 21)
Ov 1 —
Boost 2 1A
Energise 3 1A
Zero Phase 4 2
+24V 5 -
Motor Dirn 6 1A
Motor Clock In 7 1A
Fault 13 5

4.7 Setting up

1073 drives are normally supplied for use with a specified motor and in most
cases no further adjustment will be necessary apart from setting up the oscillator.
Where an oscillator is included with the drive, setting-up instructions will be found
in the relevant suppiement to this manual. However, should there be resonance
problems or the motor runs excessively hot, the situation may. well be improved by
alteration of the drive settings. In this connection it should be noted that stepping
motors are designed to permit operation at relatively high temperatures and a
loaded motor running continuously may well become too hot to touch. In most
cases a motor body temperature of up to 80°C need not cause concern, but above
this temperature consideration should be given to minimising the dissipation by
reducing the motor currents. If the motor will not provide the necessary torque
without running excessively hot it is likely that the motor is unsuitable for the
application.

4.7.1 Setting up the standard 204 translator

1. Motor resolution

This translator normally operates in a half-step sequence giving 400 steps/rev.
with a 200 step/rev. motor, and this is the preferred mode of operation. Should
the 200 step/rev. mode be required, insert Link 4 on the 204 translator board
{see Fig. 22). Note that the maximum obtainable RPM is unaffected by the step-
ping mode, so at 200 steps/rev. the maximum stepping rate is halved.

2. Regulated Motor Current. This is determined by resistor R30 on the 204 trans-
lator card (see Fig. 22) and Table 3 gives approximate resistor values for a range of
motor currents. The manufacturer’s current rating may be used as a guide to the
maximum regulated current, but it is usually based on resistive power loss in the
motor and only applies at low stepping rates. At high speeds other losses pre-
dominate and motor current may have to be limited by motor temperature
considerations {see section 4.7).

Unless otherwise stated the rated current per phase normally refers to unipolar
operation with two phases energised. With a bipolar drive the maximum current
ratings may have to be modified according to the operating configuration. For 6 or
8-lead motors with the windings connected in series, the permissible current is 70%
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ai the ur.palar rating. For S8-ead motors wity Lthe wirdings in parallel the rated
Surrint ook prase may Do noreasen Dy 40%. g-leacl reotors cannot be coerated i
parallel, but wran one wirding is used oar phase the maximum current will be tae
same 45 lhe -ated valye. Weoenaver the full motor torqua is not regquirec 7wl
general v be acvartagaaus To ceduce Tne motor current, This will recduce the dissi-
pation in oo~ mMoter anc drve g=d w0l also hele te reduce resonance effects,
Maote that the Doecst Facility may be ased iF "ol torque is only ragui-ed oocasionady,
3. Scost current. By using the aoost facility the regulated current may be increased
when ext-g torgue 0§ required, far instance duving accelerstion. The ‘ntreased
currert cur'ng boost is limited to the peak cutput of the drive, therefors the
MEximum perCenags nereass in carrent depends on the regqulated curreni, Besistor
R11 on the 204 translatar beard detcrmines the boostad current, and Tabre 3
showes the minimoam value of R11 “ar given requlated cusrenis,

If th= boost facility 5 to be wsed frequently, consicoraticn should be given to the
resulting incregse in motos s pation; this may alreacy oe offset by standbey
pericds (5ee Part 41, a!termatively it may e possible to reduce the regulated cur-ent,
4, Starciiy Dwrrest. Inomaost applications the torgue required at stapdstill is muck
loweer tHes whep 1@ motes is renning, and <he translator takes zeventszye of this
by zulomaticaly redugiag tne motcr cusrent at stsodstill, The stancdby cur-ent
is teterm:ned oy 823 an the tanslato- card dsee Sig, 227 and 1ae ¢rove s neomal v
supp'ied with R23 set to 3K3 whieh gives a standuay cur-ent af abour 26% of the
reyulates current. The value o R23 Tor a civen standqy cucorent depends on the
regqulazes current, and it ‘s best delermined experimenta’ly Uusing @ currant meter
in gerins witt one of the —otar lzads. D nat use a standbry cur-ent oreater thany 50%
of the regu atea c.rrens In certain app catiors it may be desirable 1o de-ene-gise
comEpletely at standst | orevicsd shat a possible Ioss of position 5 soeeptabre. This
may ba achievad oy insarting Lirk 1 onthe 204 lranslelor board (see Fig. 22).

Tahle 3. Resiztor values far regubated and boast gurrants — 204 translator.

VALLE  BEGULATED CURRENT K1 LM MAK, %
OF B30 'ONE PHASE O} VALUE OF 311 BODST
Ca CB. CC
10K B34 414 82K 140%
15K 108 54 160K 100%
92K 1144 574 160K 707
47K 13.64 5.84 200K 50%
180K 1514 7 BA 380K 3%
Cpen 16,64 2,34 BB 0%
Circait

Note thal the Pwo-phase-an current feqoivaienl 1o the unipolar rating of the motcr) is
0% of ihe value Shown abova

The table shows toe minimum permitted vales of 911, and the correspordirg
percentage boost, for & given regulated cureent. For smaller percentage boosts,
use the value of B11 shown apposite tne required boost value,

30
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Table 4. HResistor vaiues for regulated currant — 208 translator.

VALUE OF REGULATED CURREMNT

R82 and RB3 (ONE PHASE QNI
CA CR, CC

K2 284 4.44

3K3 108584 53A

4Ky 1224 B1A

BKE 13.6A 5.8A

10K 16.2A 7 BA

15K 16.3A 21a

(s rale under Taole 4

4.7.2 Additional information on setting wp the 208 Multistep Translator. (Ta 2a
read in conjunction witn 4.7.1)]

I Motor resofution. Tra 208 Translator may oe spenifisd with resolut ans of
e'thar -?UEI, 00, BOO o- 1000 stepsirew, The adjustment of the stea-divisian cir-
cuitry is not a task which can oe readily undertaken oy the customer. and shauld

& chamoe in resolutics ke required it is secommended that the board be recurmec
to e manufacturer.

2. Reguiated Motor Current. This is duterminec by AB2 ang BE3? on the 208
boa-c {see Fig. 23], Tahle 4 gives aoproximate resistor values for a range of motor
currents. Mote that both rasistors must be of the sarms va-us,

g, Boostcurrent, When boestis appdec, the motor currentinereases o 204 (Calar
104 [CB, CC).

4. Etendby current, AS and 88 on the 208 bosrd detzrmine the standtyy current
isee Fig. 23], Thase resistors are normally set to 2K2 which typically reduces the
muotor furrent by about S0% at standstill. However, as in the case of the 204
translator, the resistance value far 8 given reduction depends also on tre regulated

currant. Oc not use e siendby cu-rent greater than S04 of the regulated current. [ngert
Link 19 to completaly de-snergise the matar at standstil

5. FAULT LOCATION

Im the event of a fault cocurring, first switch off the drive anc carry out a visusl
inspection o ensure that al® external conmections are sound ang tign=. 1< all is
i order, study the follpwing list of fault symptoms anc then fallow the H[Ipra-

pri_atn_ -::hec_kiﬁg sequence. The possible causes markes * relate to systems with g
Luilt-in oscil latar.

Table 5. Power Supply voltages

TEST POIMT RMOMIMAL YOLTAGE
CA, CE cC
L1 — LZ Terminals * 172 AC BE AC
* HWV Terminal 240 D 12000
Control signal connectar, terminzl 5 +24 DO +24 GC

O voltages are with respect to Oy,

"On drives with 2-phase input, this vo'tage wil° 250 ve measured across L2 — L3 and
L1 - L3

a1
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