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ELMO- WARRANTY  PERFORVANCE

The warranty performance covers only ELMJOs products and only the
elimnation of problens that are due to nanufacturing defects resulting in
i mpai red function, deficient workmanship or defective
material. Specifically excluded from warranty is the elimnation of problens
whi ch
are caused by abuse, danmage, neglect, overl oading, wong operation,
unaut hori zed mani pul ati ons etc.

The fol |l owi ng maxi mum warranty period applies:

12 nmonths from the tine of operational startup but not later than 18 nonths
from shi pment by the manufacturing

pl ant .

Units repaired under warranty have to be treated as an entity.

A breakdown of the repair procedure (for instance of the repair of a unit into
repair of cards) is not
perm ssi bl e.

Damage clains, including consequential danmages, which exceed the warranty
obligation will be rejected in all cases.

If any term or condition in this warranty performance shall be at variance
or inconsistent with any provision or condition (whether special or general)
contained or referred to in the Terns and Conditions of Sales set out at the
back of Elno's Standard Acknow edge Form than the later shall prevail and be

effective.
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How to use this manual - Fl ow Chart

The ESA anplifier represents a flexible design approach which enables
appl ying vari ous options and all ows several nodes of operation.

Use the following flow chart in order to determine the chapters that you
should read. If you are a new user of the ESA, you should read chapters 1-4

which will famliarize you with the product.

Read chapters
no
Familiar with the ESA ? 1,234

| |
v

Panel (H) version or Rack (R) Rack (R) with EImo mother board ?
w/o ElImo mother board ?

L v

Read chapter 5.1 Read chapters 5.1+5.2

no

Terminals Terminals

Read chapter 6 - Installation

l

Read chapter 7.1 - Start-Up

no no
Brush Tacho ? Armature voltage feedbak ?
(Current mode)
Read Read

Read chapter 8 - Adjustments

Read chapter 9 - Summaries
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1. Description

The ESA is a unique PWM servo anplifier designed for DC servo notors. It
utilizes power MOSFETs which contribute to its high efficiency and conpact
desi gn.

The ESA is constructed fromtwo PCBs nmounted on a heat sink plate. The | ower
board contains the power sw tching transistors which drive the notor, termnals
for the power stage, the switch node power supply and the protection logic. The
upper PCB contains the control logic, termnals for the control stage,
adjusting trimers and indication LED s.

The ESA is manufactured in two nounting versions:

- Panel nounting version.

- Standard rack nodules with DIN 41612 connectors.

Standard features

* Internal SMPS allows for operation froma single supply.

* Zer o deadband.

* Excellent linearity.

* 3 single ended inputs: gain adjustnment.

* One free differential input.

* Motor current nonitor

* Inhibit/fault indication (logic |evel).

* Renmote control functions: Inhibit, CWand CCWdi sabl e.

* Adj ust abl e conpensati on.

* Adj ustabl e Continuous and peak current limts.

* Dynami c contouring of continuous and peak current limts.

* I nput bal ance (offset).

* LED di agnosti cs.

* Qperation in tw velocity nodes (Tacho or armature vol tage feedback) or
current node. The anplifiers are fully protected against the foll ow ng
faults:

* Under/over voltage.

* Shorts between: outputs, output to ground, output to supply.

* Insufficient |oad inductance.

* RMS current limt.

* EXcess tenperature.

* Loss of tacho signal.
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2. Type Designation

ESAF-15/75 R

ESA amplifier H - Panel mounting

R - Rack mounting
Fan cooled
Rated current Maximum rated voltage

3. Technical Specifications

DC Suppl y Current Size Size Wi ght
Type M n- Max” linmts Panel Rack (Kg)
Cont / Peak
ESA- 10/ 75 20-75 10/ 25 ES1 3U 12T 0.7
ESA- 15/ 75 20-75 15/ 37 ES2 3U 19T 1.4
ESA- 10/ 160 40- 160 10/ 25 ES2 3U 19T 1.4
ESA- 16/ 160 40- 160 16/ 40 ES3 6U 19T 3.0
ESA- 16/ 200 60- 200 16/ 40 ES3 6U 19T 3.0
ESAF- 20/ 75 20-75 20/ 40 ES1 3U 12T 0.7
ESAF- 8/ 160 40- 160 8/ 16 ES1 3U 12T 0.7
ESAF- 12/ 160 40- 160 12/ 24 ES1 3U 12T 0.7
ESAF- 20/ 160 40- 160 20/ 40 ESA 6U 12T 1.3
ESAF- 30/ 160™" 40- 160 30/ 60 ES5 6U 19T 3.5
ESAF- 25/ 200* * 60- 200 25/ 50 ES5 6U 19T 3.5

* DC output voltage is 90% of DC input voltage.

* 20KHz switching frequency.

* 2KHz current | oop response.

* Qutputs voltages of +7.5V for external use (20mA each)
* Efficiency at rated current - 95%

* Drift: 10mV/ °C (referred to input)

* (Qperating tenmperature: 0-50°C

* Storage tenperature: -10 - +70°C

*

These are the absol ute m ni mrum maxi rum DC supply vol tages under any condition.

* %

Only these types include integral fan.
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4. Operation of the servo control

4.1 Inputs
The ESA has 3 single ended inputs (no.1 at termnal 5 no.2 at termnal 6
and no.3 at terminal 7). Each input is buffered by a voltage follower having
hi gh i nput inpedance to isolate the input fromthe rest of the circuit. Care
must be taken not to apply input voltage above the maxi num input voltage as
this will cause the input op anp to operate beyond its limts ( +5V) and in
extrene cases may even damage the op anp.

In addition, there is a free differential input at terminals 11,12 which is

not internally connected to the error anplifier.

The current gain of each single ended input (current node) is given by:

18 xlc x Ki

& = - (Anp/ Vol t) ;

lc - Anplifiers rated continuous current limt.
R - Input resistor in Kohm
R130 for input 1
R96 for input 2
RO5 for Input 3
- Position of wi per of trinmng potentioneter (T6, T7, T8).
0.2 when trimrer is fully CCW

Ki
Ki
Ki

1.0 when trimmer is fully CW

The current gain of the single ended inputs in velocity node is given by

(pl ace the appropriate Gc for each input):

@Y S cococcococ (Amp/ Vol t) ;R51 in KCOHM
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The current gain of the differential input (current node or velocity node)

is:
R131
Ccd = ---- x Ci ;
R134
R131=R133; R132=R134
Ci - @Gin of the input to which the differential anmplifier's output is

connect ed.

The i mpedance of each single ended input is given by:

Rn= 12.7 + R (Kohnms) ; R in Kohm

The maxi muminput voltage at termnals 4,5 or 6 is cal cul ated by:

Vin = 5+ 0.4xR  (Volt) ; R in Kohm

The maxi mum input voltage at the differential anplifier inputs (termnals

11,12) is calcul ated by:

Vid < ----mmmmmoo- (Volt)

R131=R133; R132=R134

4.2 Velocity mode

In this node op anp U4/4 is enployed as a high gain error anplifier. The
anplifier sums velocity command and the tachogenerator feedback signal, and
provi des the necessary servo conpensation and gain adjustnents, resulting in
stabl e, optimm servo operation.

This op anp is configured with two feedback paths:

One, in the form of a resistive T network, controls the DC gain of this

anplifier. The equival ent value of a T network is given by:

R43xR44
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Resistor R51 is nounted in soldering termnals so it can be changed easily
whenever the DC gain of the error anplifier is to be changed.
The AC gain is controlled by C19, R14 and T4. Maxi mum AC gain is obtained with
T4 set fully CW Setting T4 fully CCWrenoves AC gain and no lag in response
occurs.
R14 and Cl19 are nounted in soldering termnals and can be easily replaced in
cases when T4 range is not enough to get optinmm response.

The output of the error anplifier is:

1 + SxCl9xR14
VO=( V1O/1+V2Q/2+V3Gr3) X[ == ----=nmmmmmmmmmemaas ]

1 + SxCL9xRL4( 1+Rf xK4/ R14)

V1, V2,V3 - Input signals
Grl, &v2,v3 - Gin of inputs.
K4 = Position factor of the w per of T4.
Full cw = 1
Full CCw= 0.01

The feedback el enent nust be connected for negative feedback

The polarity of the ESA servo anplifiers is such that a positive input
signal results in a positive voltage at terminal 1 with respect to termnal 4
for 3U size types and in a negative voltage at termnal 1 with respect to
termnal 4 for 6U size types.

A filtering capacitor, C7, is placed in parallel to R4 to mnimze noise
carried on the input signals. This is specially beneficial when enploying
motors where a significant degree of electromagnetic coupling is present
bet ween armature and tachogenerator. Values in the range of 1000pF - 6800pF are

recomended.

4.2.1 Velocity control using armature voltage feedback.
Armature voltage may be used as velocity feedback in all cases when |ow
regul ation rati o and speed accuracy are acceptable. In this case, the armature
voltage is first scaled down by the free differential anplifier. The output of

the differential anplifier is fed to input 3.
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4.3 Current mode

In order to operate the servo anplifier as a current anplifier, the velocity
| oop should be disabled. This is done by converting the error anplifier into a
low gain DC anplifier which has a flat response beyond the desired current

bandwi dth. In this node, R51 and R14 have to be renoved fromthe circuit.
4.4 Current loop

Current |oop control is obtained by op anp U4/1 (Current anplifier) and R50,
C20 which forma | ag-1ead network for current | oop.

The standard anp is equi pped with R50 (100Kohn) and C20 (0.01nF) to get optimm
current

response for an average notor in this power range. These conponents are nounted
in soldering term nals.

4.5 Current limits

The amplifier can operate in the follow ng voltage-current plane:

+V
-lp -lc lc Ip
Intermttent Cont i nuous
zone zone -V
Ic - Continuous current Ip - Peak current

Fig. 4.1: Voltage-Current plane

Each anplifier is factory calibrated to have this shape of voltage-current
operating area with rated val ues of continuous and peak current limts.
4.5.1 Timedependent peak current limit
The peak current is so designed that its duration is a function of the peak
anplitude and the notor actual operating current before the peak demand. The
maxi mum peak current is available for 2 seconds. The duration of Ip is given
by:
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lc - Anplifier continuous current rating

Ip - Peak demanded (not anplifier Ip)

lop - Actual operating current before the peak demand.

Exanpl e:

A nmotor is driven by an ESAF-12/160 anplifier at constant speed and constant

current of 5A. Wiat is the maxi mum possi ble duration of a 20A peak ?

20 - 5
Tp = 2.2ln -------- = 1. 38 seconds
20 - 12
4.5.2 Dynamic contouring of continuous and peak current limits
Most of the servo notors have reduced continuous current limts at high

speeds (Fig. 4.2). This phenonenon is due to commutation limts and iron | oses
whi ch becone significantly high as speed increases and this |eads to reduction
of the continuous current limt.

The ESA amplifiers have the features which enable the user to define the
current limt envelope as closely as possible to the notor operating envel ope

defined by the notor manufacturer

Velocity

Cont.
zone Interm.
Torque
Fig. 4.2:

Typi cal operating envel ope of a brush servo notor
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4.6 Protective functions
Al the protective functions activate internal inhibit. If the cause of the
i nhi bit disappears, the anplifier will restart automatically.
4.6.1 Short circuit protection
Every current peak above a certain value inhibits the anplifier for a period
of approx. 30nSt.
If a short circuit condition still exists, the cycle will repeat endl essly.
The anplifier is protected against shorts between outputs, either output to
ground or to positive supply line.
4.6.2 Under/over voltage protection
VWenever the DC bus voltage is under or over the limts indicated in the
techni cal specifications, the anplifier will be inhibited.
4.6.3 Temperature protection
Tenperature sensor is nounted on the heatsink. If the tenperature exceeds 85 °
C the anplifier will be inhibited. The anplifier wll restart when the
tenmperature drops bel ow 80 degrees.
In types ESAF-30/160 and ESAF-25/200, a 24VDC brushless fan is installed and
it is fed by an internal power supply.
4.6.4 Insufficient load inductance
VWenever the load inductance is too small, the current spikes will be very
high. In such cases the anplifier will be disabl ed.
4.6.5 Lossof tacho signal
This protection operates by inhibiting the anplifier for 6-8 seconds
whenever it does not sense a tacho signal at input 3, and then automatically
restarting it. This cycle will continue endlessly but the notor speed will not
run away (small movenents will be noticed).
4.6.6 Internal power supply failure
In any case that the sum of the internal power supplies is below 13V or its

di fference higher than 1V, the anplifier will be inhibited.
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5. Terminal Description
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5.1 Terminals for Horizontal and Rack mounting versions

Power stage of 3U size ESA
H R Functi on Remar k
1 18, 20" Armat ur e
out put This output will be positive when a positive signal
is fed to one of the inputs.
22, 24* Power
2 i nput
conmon
26, 28* Power
3 i nput
positive
(+Vs)
30, 32* Armat ure
4 out put This output will be negative when a positive signal
is fed to one of the inputs.
Power stage of 6U size ESA
H R Functi on Remar k
1 4,6, 8* Armat ure
out put This output will be Negative when a positive signal
is fed to one of the inputs.
12, 14, Power
2 16* i nput
conmon
20, 22, Power
3 24* i nput
positive
28, 30, Armat ure
4 32% out put This output will be positive when a positive signal
is fed to one of the inputs.
* All the DIN connector pins nust be shorted.

ESA -
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Control stage
H R Functi on Remar k
5 10a I nput 1 For nore details see 4.1.
6 10c | nput 2 For nore details see 4.1.
7 12a I nput 3 For nore details see 4.1.
8 12c Mot or current Current nonitor scal e:
noni t or 8- 12A types: 0.2V A
15- 20A types: 0.125V/ A
25- 30A types 0.08V/ A
9,10 [ 16a,c | Grcuit comon
, 14
1l4c Negative input | For nore details see Appendix C
11 of
differential
anplifier
12 2a Positive input | For nore details see Appendix C
of
differential
anplifier
13 2c Qut put of | For nore details see Appendix C
differential
anplifier
15 4a I nhi bit input This termnal provides a neans of disabling the
anplifier (both logic and power stages) by applying
| ow | evel input voltage. *
16 4c I nhi bi t
i ndication VWenever the anplifier is inhibited, whether by an
out put internal or external cause, this open col I ector

out put goes |l ow state (Max sink current

10mp) .

L7V < Vil < +1V

Source sink current capability -

ESA - Rev 9/98

2mA mn.




18

Control stage - cont.
H R Functi on Remar k
17 6a Cw di sabl e Low level input voltage * will disable half of the
power bridge and rotation in one direction.
18 6¢C CCW di sabl e Low |l evel input voltage * will disable half of the
power bridge and rotation in one direction.
19 8a -7.5V 20mA external | oad.
20 8c +7. 5V 20mA external | oad.
VWhen usi ng ESAF- 30/ 160R or ESAF-25/200R, a 24VDC supply for brushless fan is
avail able at the follow ng pins:
30ac +24VDC 300mA supply for fan only
32ac Fan Fan common, internally connected to the «circuit
conmon conmmon.
Remark: In the follow ng paragraphs the termnals will be related to all the

nmounting types as in the foll owi ng exanpl e:
H 18, R- 6¢.
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5.2 Mother boards terminals
The MBA- ESA/ 3U and MBA- ESA/6U are designed for 19" rack systems. They have
screw type terminals for both power and signals with identical designations as

in the panel versions.

SASASASASASASASASASASASAS SRS

5 6 7 8 9 10 11 12 13 14 16 17 18 19 20

CONTROL

4 4 3 3 2 2 1 1

O|l 6B 66 | POWER O

MBA - ESA/3U
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o o

FAN +24V
FAN COMM.

19
18
17
16

6606600666060000606660

CONTROL

POWER

MBA - ESA/6U
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6. Installation procedures

6.1 Mounting
The ESA series dissipates its heat by natural convection except ESAF types
whi ch are fan cool ed. For optimm dissipation the anplifiers should be nounted

with the fins vertical.

6.2 Wiring
Proper wiring, grounding and shielding techniques are inportant in obtaining
proper servo operation and performance. Incorrect wring, grounding or

shi el ding can cause erratic servo performance or even a

conpl ete | ack of operation.

a) Keep notor wires as far as possible fromthe signal level wiring (feedback
signals, control signals, etc.).

b) If additional inductors (chokes) are required, keep the wires between the
anplifier and the chokes as short as possible.

c) Mnimze lead |l engths as nmuch as is practical .

d) Use twisted and shielded wires for connecting all signals (conmand and
feedback). Avoid running these wires in close proximty to power |eads or
ot her sources of EM noi se.

e) Use a 4 wires twisted and shiel ded cable for the notor connection.

f) Shield nust be connected at one end only to avoid ground | oops.

g) Al grounded conponents should be tied together at a single point (star
connection). This point should then be tied with a single conductor to an
earth ground point.

h) After wiring is conpleted, carefully inspect all conditions to ensure

ti ghtness, good solder joints etc.

6.3 Load inductance
The total |oad inductance must be sufficient to keep the current ripple
within the limts (10% of rated current is recomended). The armature current

ripple (Ir) can be cal culated by using the foll owi ng equation:
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L - load i nductance in nH.

Vs - Voltage of the DC supply in Volts.

I f notor inductance does not exceed this value, a choke should be added (on the
nmot or branch) summi ng together the required inductance

Lch = L - Larm
Lch - Choke inductance

Larm - Armature inductance

6.4 DC power supply
DC power supply can be at any voltage in the range defined within the
techni cal specifications (chapter 3). However, if the power source to the power
supply is the AC line (through a transforner), safety nargins have to be
considered to avoid activating the under/over voltage protection due to line
vari ations and/or voltage drop under | oad.

The nomi nal DC bus vol tage should be in the follow ng range:

1.2Vdcnin < Vdc < 0. 9Vdcnax

Vdenin - Mnimum DC bus in the table of chapter 3

Vdenax - Maximum DC bus in the table of chapter 3

The transfornmer power should be calculated to have the capability to deliver
power to the anplifier (including peak power), wthout significant voltage
drops.

VWhile driving high inertia |oads, the power supply must be equipped with a
shunt regulator, otherwise, the anplifier wll be disabled whenever the

capacitors are charged above the maxi mum vol t age.
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6.5 Wiring diagrams

MOTOR WIRING

1
4
ESA
Chassis
[ Heatsink / GND

Power wires twisted together

e
A

4
\—/ \_y_ Heatsink / GND

Power wires twisted and shielded
Ja) N

il
D
/\ /\

4
\Z \V} Heatsink / GND

Chassis

Qoti mum wi ring, mni num RFI
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Isolating transformer /I)
\

i
- S
- -_ DC power common is internally

connected to control common

+Vs

ESA

. )
Heat sink Heatsink

Guide lines for connecting a non isolated amplifier with an isolating power transformer

G ound:

DC power common

Mot or chassi s
Amplifier's heat sink

Do not ground:

Control commn - It is internally connected to the power comon. G ounding the

control comon will create a ground | oop.
Caut i on:

- If source of nmotor command is grounded, use anplifier's differential input.

O herwi se, ground | oop is created.
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+Vs

ESA

—
—l Bl rsis
—

DC power common

Control common

Heatsink

+Vs
\ DC power common ESA
N\ \\ Control common
To additional .
ESAsS Heatsink

CONNECTING MORE THAN ONE ESA —

*

HEATSINK

Al'l rul es about supply connections described in the previous page are also valid for

mul ti - ESA connecti on.
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A A
3 X rals
)

5T>
>j
NS

Current monitor

Motor command

X

14

17 CW disable

) . ) 18 CCW disable
Twisted and shielded pair

>< 15

16

Inhibit input

Inhibit output j‘
-7.5V

+7.5V

19

20

ESA CONTROL CONNECTIONS

TACHOGENERATOR FEEDBACK
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Motor command

XX

ARMATURE FEEDBACK

i >< >< 123:

AR

J

O Current monitor

17O cw disable

18U CCW disable
Twisted and shielded pair
15 Inhibit input
A )
16 Inhibit output 3‘
100 7.5V
20 +7.5V

ESA CONTROL CONNECTIONS
ARMATURE VOLTAGE FEEDBACK
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7. Start - Up Procedures

Al the operations of this chapter do not require power on the unit. The steps of
paragraph 7.1 nust be performed before proceeding to the appropriate feedback sensor

secti on.

7.1 Common procedures for all amplifiers types
7.1.1 Inhibit logic
Select the desired Inhibit |ogic you need:

a) Disable by Low

Inhibit function will be activated by connecting its input (termnal H
15,R-4a) to a low level signal. If no signal is applied to this input the
anplifier will be enabled upon power on.
+7.5V
2.7K

JanY
\/
Zs

=

ESA DISABLED BY ACTIVE LOW OR CLOSED CONTACIT

b) Enabl e by High
Inhibit function will be de-activated by connecting its input (termnal H
15.R-4a) to a high level signal and adding an external resistor (Rex) as in
the foll owing examples. If no signal is applied to this input the anplifier

wi || be disabled upon power on.
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The m ni mum power of Rex is given by:

(V4+7.5) 2
P=------- (V\at t )
2000
+7.5V
20
+7.5V
2.7K
INHIBIT
INPUT —150 K C
Rex
Rex= 3.6K, 0.25W
—1 -7.5V
19
INHIBIT 2.7K
+V INPUT
(L N C
15\/ N
Signal from
external source Rex

Rex.= 3.6K

—(—] 75V

19
V< +V< 30V

ESA ENABLED BY ACTIVE HIGH OR CLOSED CONTACT
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7.1.2 Veocity mode

To operate in velocity mode the velocity loop should be

converting the error anplifier to a high gain PID anplifier.
(16. 50hm), R14 (130Kohn) C19 (0.047nF) and C7 (4700pF),
are installed on the board.

7.1.3 Current mode
a) Converting the anplifier into current node

To

operate in current node the velocity I|oop should be

converting the error anplifier to a | ow gain proportional
- Renove R51 (in soldering termnals).
- Renmove C19 (in soldering termnals).

In addition, you nust make sure that
entering the error amplifier.
not connected to the anplifier.

b) Selecting the reference signal gain

The ESA has 3 single ended inputs (termnals 5,6,7) and a free
anplifier with its inputs at termnals H 11, R 14c,

the velocity feedback signal

If a tachogenerator is used, nake sure that

enabl ed by
Make sure that R51

in soldering termnals,

di sabl ed by
anplifier.

it

differenti al

H 12, R-2a and its output at

termnal H 13, R 2c.
The standard procedure recommends to use the differential input for
reference signal and to connect the output to input 1 - termnal H5, R 10a.
Following are the input paraneters with the standard values of input
resistors:
I NPUT - RESI STOR STANDARD MAX. Current Gai n(A/'V) I NPUT
VALUE VOLTAGE (in current node) | MPEDANCE
Terminal 5 - R130 10Kohm 9V 0. 79l c 22.7 Kohm
Termnal 6 - R96 40. 2Kohm 21V 0. 34xl c 52.9 Kohm
Termnal 7 - R95 93. 1Kohm 42V 0.17xl c 97.3 Kohm

See chapter 4.1 for cal cul ation of other val ues
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7.1.4 Activating the loss of tacho protection (velocity mode only)
Activating the loss of tacho protection is done by inserting J4 (Short

junper) and R79, calculated as follows:

R7TO = --ccmmemm - Kohm ; Ra in Chm
I cxRa

Vs - Voltage of power DC bus
lc - Anplifiers' rated continuous current limt
Ra - Total ohmic resistance in armature circuit
7.1.5 Latch mode of the protective functions

In order to cause a latch condition at each time that an inhibit occurs,
connect the inhibit output (termnal H16,R4c) to the inhibit input (term nal
H 15,R-4a) as per the following drawings. Resetting the latch is done by
nmonentarily opening this connection.

a) Connection for Inhibit logic: D sable by Low

+7.5V
2.7K
P>
(N
16\/

ESA - LATCH MODE WITH INHIBIT LOGIC: DISABLE BY LOW
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b) Connection for Inhibit |ogic: Enable by Hi gh

Inhibit Output
16
+7.5V
4V< +V< 30V )
2.7K
Rex
W D— b
Rex
J\D_' -1.5V
19

LATCH MODE WITH INHIBIT LOGIC: ENABLE BY HIGF

7.1.6 Activating the dynamic contouring of the current limits

If you do not use this feature nmake sure that J3(A-B) and

J3(A-C) are not installed on the board.

If you want to activate this function refer to appendi x B.

7.2 Velocity control using tachogenerator feedback
Adjusting the reference voltage (notor command), which is connected to the

differential input, is done by inserting:

R131= R133= 10K
R132= R134= 2.5Vdm (Kohn,

Vdm maxi numreference voltage at the differential input.

The tacho voltage is adjusted by calculating RO5 for two tachogenerator

vol t ages ranges:
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For vt m > 4V

RO5 = 3.2(vtm 4); Kohm

Vtm - Vol tage generated by tachogenerator at nmaxi num application velocity.

For vt m < 4V

RO5 = 1 Kohm
10Vt m

RL =-------- ; Kohm
4-Vtm

Vtm - Vol tage generated by tachogenerator at nmaxi num application velocity.

7.3 Véeocity control using armature voltage feedback
Armature voltage may be used as velocity feedback in all cases when |ow
regulation ratio and speed accuracy are acceptable. Using the differential
anplifier to adjust its value, this voltage can be obtained at termnal H 13, R
2c. Attention must be paid not to saturate the anplifier by observing the

follow ng restrictions:

C32 = C33 = 0.1-0.47nF, ceramc capacitor.

R133 5
- < --
R132 Vs
R132 = R134 > 10Vs; Kohm

Vs is the DC voltage of the power supply.

The velocity loop is closed by connecting the followi ng termnals:

Terminal H1,R 18,20 in the power stage to terminal H 11, R 14c in the control

board.
Terminal H4,R 30,32 in the power stage to termnal H12,R2a in the control

boar d.
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8. Amplifier adjustment and diagnostics

| mportant remnarks:

A. If all the previous steps were acconplished you nmay now turn on the power
and continue with the follow ng adjustnents. You may onmit the step for current
node or vel ocity node according to your application.

B

In sone applications, especially those where the notor electrical paraneters
(total inductance and resistance in the armature circuit) are much snaller or

| arger than normally encountered, the current |oop response should be optimzed

bef ore proceeding with the foll owi ng steps - See Appendi x A

8.1 Balance adjustment
If the motor is rotating with the command signal at zero voltage, a
bal ance adjustnent will be necessary. Turn the balance trinmmer (T5) as required
until the notor stops. As a rule, have the conmand signal connected and set to
zero when bal ancing the anplifier. This way, any offset in the comuand signal
wi Il be cancel ed.
If the balance trimrer has insufficient range, a |ower value of resistance can

be substituted for R10 to obtain a w der adjustnent range.

8.2 Current limit adjustment
The anplifier current limts can be adjusted without the need for loading if
the current nonitor junper - J2 is in the current conmand position (standard
factory setting):
A-B short
A- C open
Di sconnect notor |eads and renove J4 (if installed). Connect a voltneter
between terminal H8, R 12c and the circuit comon, and apply maximum input
voltage to one of the inputs to cause an error at the error anplifier (input
gain trimrer should be fully CWN. Its maxinmum voltage limts the maxi num
current delivered to the notor.
In order to adjust the continuous limt, the peak limt should be |ower than
the continuous limt - turn T3 (Ip) CCW At the point when peak

| i mt=conti nuous limt, t he et er r eadout w |
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stop decreasing. Turn 4-6 turns nore. Then, wusing T2 (lc), adjust the

continuous limt by nonitoring the neter readout (see following table for
current nonitor scaling).

After adjusting the continuous limt, readjust T3 up to the desired peak | evel

Conti nuous current rating Current nonitor scale
5-12A 0.2 VIA
15- 20A 0.125 V/IA
25- 30A 0.08 V/IA

8.3 Current gain adjustment (current mode)
a) Disconnect notors | eads.
b) Apply voltage to the desired input and read the current nonitor output at
termnal H 8 R 12c. Adjust the input gain trinmrer until the desired gain is
achi eved. The current gain (AV) is given by:

Current nonitor voltage

Vin x Qurrent nonitor scal e

8.4 Adjusting the motor speed (velocity mode only)

Adj usting the speed is done by adjusting the input gain trimrer of the tacho
f eedback:
- Increasing/decreasing the feedback gain will decrease/increase the speed.
- Increasing/decreasing the command gain will increase/decrease the speed.

Best performance is achi eved when the feedback gain is as close as possible
to its maxi mum val ue. Therefore, the final adjustnent should yield with Ki of
the tacho input trinmer over O0.8.
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8.5 Adjustment of the IXR compensation

If you do not use this feature, skip this chapter

IXR trimrer will be installed only if the anplifier was ordered for this
option. Adjustnent of |IxR conpensation should be done as foll ows:
a. Run notor at 2/3 of nomi nal speed.
b. Apply nom nal | oad
c. Increase |xR compensation (CW rotation of IxR trimer) until notors speed
reaches the no | oad speed.
d. Notice that a high conpensation may result in unstable operation of the
anplifier.
Reducing the DC and AC gains of the error anplifier by increasing Cl19 and
R51 is reconmended. The final val ues depend on the type of notor and nechanica

| oad, so optimumresults will be achieved by the enpirical method.

8.6 Response adjustment (velocity mode only)

In nost applications optinmm response is achieved by adjusting the
conpensation (COW) trinmer. Adjustnent procedure is as follows:

- Provide the anplifier with a low frequency, bi-directional square wave
vel ocity command (A 0.5Hz, +2.0V waveformis often enpl oyed).

- Apply power to the anplifier, and while monitoring the tacho signal
gradually adjust the COWP trimer from the CW toward the CCW position.
Opti mum response (critically-danped) should be achieved at sonme position
before reaching full CCWon T4. Fig 8.1 illustrates sonme waveforns observed
for various T4 settings.

In sonme applications, especially those where the load inertia is nuch
smaller or larger than normally encountered, the standard conpensation
conponents values of 0.047nF for Cl19 and 120Kohm for R14 nmay not allow an
opti mum setting of the COW trinmmer T4. In fact, the velocity |oop may be
unstabl e for any setting of T4.

In these cases different values for C19 and R14 nust be chosen. The foll ow ng

procedure can be used to select these val ues:
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- Short circuit Cl19 with a short junper wre.

- Replace R14 with a decade resistance box. Initially set the box resistance at
20Kohm

- Set T4, the COW trimer to approxinmately m drange.

- Input a 0.5Hz, 2V bi-directional square wave velocity command signal to the
anplifier.

- Apply power, and while nonitoring the tachometer signal, gradually increase
the value of the box resistance until optimm response as depicted in Fig
8.1 is achieved.

- Substitute the closest standard value discrete resistor for RL4 and

renove the decade resistance box.

- Renove the shorting junper across Cl9, and again check the response using the
squarewave test signal. If near optimum results are obtained, trim the
response using the COW trinmer T4 for the optinmm

- If the previous step does not yield satisfactory results, if unacceptable
overshooting has been noted, substitute a larger value than 0.047 nF; or, if
the response i s overdanped substitute

a smaller value than 0.047nF. Repetition of this procedure should vyield
an optimum choice for C19.

- Finally, select a new value of C7 so that the tine constant of R14xCr

remains approx. as it was with the standard val ue of R14
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Reference input signal

Overdamped: T4 too far CW

Critically damped: T4 optimum

Underdamped: T4 too far CCW

Fig. 8.1

Typi cal velocity response wavef or s
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9. Tables and summaries

9.1 Adjusting trimmers

Eight trimrers are installed on the upper board of the anplifier with the

follow ng functions:

T8 (Gain 1) CWrotation increases input 1 gain

T7 (Gain 2) CWrotation increases input 2 gain

T6 (Gain 3) CWrotation increases input 3 gain

T5 (Bal ance) See 8. 1.

T4 (conpen.) See 8. 6.

T3 (1p) CWrotation increases peak current limt.

T2 (lc) CWrotation increases continuous current limt (see 8.2).
T1 (I xR) I xR conpensation (see 8.5)

9.2 LED diagnostics
Five LEDs are installed on the upper board of the anplifier wth

followi ng designations: Ilc, Sh, In, Pr, Vs. Under normal operation only Vs

should illumnate (Vs indicates the existence of supply voltages).
followng table represents all the conbinations possibilities of the LEDs:
LED 1 2 3 4 5 6 7

Ic X X

Sh X X

In X X X X X X

Pr X X

Vs X X X X X X

- Illumnated LED
External inhibit.

Under / over voltage protection.
Conti nuous current limt.

Insufficient | oad i nductance or |oss of tacho feedback.

X

1

2

3. Short protection.
4

5

6. Excess tenperature.
7

Internal supplies are |loaded (either internally or externally).
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Appendix A - Response adjustment of the current loop

In nost applications it is not necessary to adjust the current loop to

achi eve the optimum response. Wen there are extrene electrical paraneters in

the armature circuit (inductance and resistance) the standard conponents val ues

of 0.01nF for C20 and 100Kohm for R50 may not yield with the optimm response.

The current | oop should be optim zed as foll ows:

- Turn the anplifier to a current anplifier by renmoving R51 and R14.

- Provide the anplifier with a bi-directional square wave current command (100-
200Hz, +2.0V waveformis often enpl oyed).

- Apply power to the anplifier, and nonitor the load current either by a
current probe or by the current nonitor. For this application J2 should be
arranged as foll ows:

A-C  Short
A-B  Open
If the current response is not critically danped, use the follow ng
pr ocedure:

- Short circuit C20 with a short junper wre.

- Replace R50 with a decade resistance box. Initially set the box resistance at
10Kohm

- Apply the square wave test signal to the anplifier input.

- Apply power, and while nonitoring the load current, gradually increase the
val ue of the box resistance until optinumresponse as depicted in Fig A-1 is
achi eved.

- Substitute the closest standard value discrete resistor for R50 and renove
t he decade resistance box.

- Renove the shorting junper across C20, and again check the response using the
square wave test signal

- If the previous step does not yield satisfactory results, if unacceptable
overshooting has been noted, substitute a larger value than 0.01nF;, or, if
the response is overdanped, substitute a snmaller value than 0.01nF.

Repetition of this procedure should yield an optinmm choice for C20.
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Reference input signal

C20 too large / R50 too small

Critically damped

C20 too small / R50 too large

Fig. A1l

Typi cal current response waveforns
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Appendix B - Current limits contour adjustment

The anplifier can be configured to have either continuous current linmt or peak
current limt or both which depend on notor velocity. For this purpose (when
usi ng tacho feedback) J1 has to be arranged as foll ows:

A- B Open

A-C Short

The general shape of the operating envelope is given in fig. B-1

Velocity

Nmax

N1

T2 Tc Tp
Torque

Tc - Max. continuous torque up to velocity N1
T2 - torque at max. velocity Nmax.
Fig. B-1

Current limts contour

The user should derive the relations r1=Nl/Nrax and r2=T2/Tc from the notor
data sheet. R32 and R33 should be installed with values according to the

follow ng rel ations:

1-r1
R32 = 33 X -------- ( Kohm)
1-7r2
R32
R33 = 62 X --------n-m--- (Kohm
R32 + 33xr1l
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The continuous current limt is velocity dependent (wthout peak current

contouring) if J3 is arranged as foll ows:

A-B = Short
A-C = Open
The peak current limt is velocity dependent (w thout continuous current

contouring) if J3 is arranged as foll ows:

A-B
A-C

Open
Short

In order to get velocity dependent continuous and peak current limts, J3 has

to be arranged as foll ows:

A-B = Short

A-C = Short

Not i ce:

VWhen operating in current node or armature voltage feedback the contour will be

activated by arranging J1 as foll ows:

A-B = Short
A-C = Open
R79 shoul d al so be inserted (For calculation of R79 see 7.1.4)

ESA - Rev 9/98



45

Appendix C - Differential amplifier connection
The differenti al

anplifier is provided for your optional use.

for buffering, inverting or elimnation of cormon node signals.

The differential anplifier inputs are available at termnals H 11, R 14c,

12, R-12a. Terminal H 11, R 14c is the inverting input, termnal H12,R-2a is the
non-inverting input. The output is at termnal H13,R12c, and is
connected to an available input termnal. The differential anplifier

internally connected to the sunm ng junction.

It can be used

to be

is not

The differential anplifier

conmon node signals. For a non-i

signal lead to termnal H 12, R-2a, and the negative signal
11, R-14c, and connect termnal H11,R14c to the circuit
inverting buffer anplifier, connect the positive signal

11, R-14c, the negative signal

H 12, R-2a to the circuit conmon.

The output of the differential

lead to term nal

may be used as a buffer

nverting buffer anplifier,

anplifier is given by:

V12xR133 R131 V11xR131
Vo = ------------- LT SR =ees ) = =escezes
R133 + R132 R134 R134
V12 - Input voltage of termnal H 12, R-2a.
V11 - Input voltage of termnal H 11, R 14c.
6x(R133 + R132) 6xR131
Viomax S cccttottotioooes ; Vitmax S =m0
R133 R134

See schematic in chapter 4.
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connect the positive

lead to term nal

lead to term nal

H 12, R-2a, and connect term nal
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DIMENSIONAL DRAWINGS
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List of ELMO Service Centers

| SRAEL
El o Motion Control LTD
34 Segul a ST.
Pet ah- Ti kva 49103
Tel : (03)934- 5059
Fax: (03)934-5126

EURCPE
El nro Motion Control
7 Stanserstrasse
CH 6362 St ansstad
Switzerl and
Tel : (041) 610775
Fax: (041)610778

US A
El nro Motion Control |NC
1200 Whodr uff Road,
Suite C 22,
Geenville, SC 29607
Tel : (803) 288-9316
Fax: (803) 288-9318

AUSTRI A

Kwapi |

PCB 64

A-1091 Wen

Tel : (0222) 342597
Fax: (0222) 311203
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BENEL UX

Eltromat B. V.

Looierij 26

4760 AB Zevenber gen
The Net her| ands

Tel : (01680) 25925
Tel ef ax: (01680) 28485




FI NLAND

OY Scandrive

El sankuja 2 K

SF- 02231 Espoo

Tel : 358-0-8035044
Fax: 358-0-8035055

FRANCE
A2V SA

11-12 Rue Eugene HENAFF,

78190 Tr appes,
Tel: (1) 30620101
Fax: (1) 30626204

CERVANY

I ME GrbH
Brugger str. 8
78628 Rottweil
Tel : 0741/ 22091
Fax: 0741/ 22060

| TALY

Servot ecni ca SRL
Vi al e Lonbardi a 20

20095 Cusano Ml anino (M)

Tel : (02) 6131341
Fax: (02) 6132397
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SPAIN
Anitronic, S/ A
Apartado 129
Avda. Eul ogi o
3.planta

20870 El goi bar (CGui puzcoa)

Tel : 943-740550- 4
Fax: 943-743489

SWEDEN

Aratron AB

P. O B 20087,

Kr at sbhodavagen 50,
S- 16120 Bronmma

Tel : 8-981875

Fax: 8-984281

UNI TED KI NGDOM
I NMOCO Limted

4 Brunel O ose
Drayton Fiel ds
Daventry NN11 5LE
Tel : 0327/ 300320
Fax: 0327/300319



