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¢ No part of this manual may be reproduced in any form.
e All specifications and designs are subject to change without notice.

In this manual we have tried as much as possible to describe all the various matters.
However, we cannot describe all the matters which must not be done, or which cannot be
done, because there are so many possibilities.

Therefore, matters which are not especially described as possible in this manual should be
regarded as "impossible”.

This manual contains the program names or device names of other companies, some of
which are registered trademarks of respective owners. However, these names are not
followed by ® or ™ in the main body.
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INTRODUCTION

This manual explains the basis of servo tuning by using SERVO
GUIDE. Please try to do servo tuning according to this manual. Then
you will get easily good performance.
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1.1 SERVO HRV CONTROL

Servo HRV2 and HRV3 improves current loop performance and it
leads higher performance of servo system. It is important to
understand the rough structure of servo control and how to realize
high performance by using HRV2 and HRV3. Followings explain the
basis of servo tuning procedure using SERVO GUIDE.

The i series CNC which is installed servo software 90B0 series can
use SERVO HRV2 and HRV3. Using SERVO HRV2 and HRV3
improves current loop response. Therefore higher velocity loop gain
and position loop gain can be set.

Higher velocity loop gain and position loop gain improve the response
and rigidity of servo system. This reduces the error of cutting figure
and higher-speed positioning with machine tools. In addition, higher
gain makes servo adjustment easy.

Thus it is necessary to use SERVO HRV2 and HRV3 control to
realize high performance of servo system.

Employment of high-speed servo DSP
( Servo software 90BO series )

Ll

Current loop response improvement
(HRV2 and HRV3 )

ags

Higher velocity loop gain
( Support by SERVO GUIDE)

e

Cutting figure Simplified servo
improvement adjustment
High-speed positioning ( Backlash Acc. etc.)

Achievements of SERVO HRYV control

Even after the servo system is tuned with SERVO HRV2 control,
higher-cycle current control can be easily realized by additional
setting of SERVO HRV3 and this enables higher-level precision
cutting. To use SERVO HRV2 and HRV3 with "Advanced Preview
Control", "AI Contour Control", "AI Nano Contour Control" or
"High-precision Contour Control" is effective and this much improves
the performance of cutting machines.

For details, see section 3.4.3, "Servo Parameter Adjustment Procedure
for Achieving High-Speed and High Precision" in Parameter Manual
(B-65270).
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Servo HRV1 control Servo HRV2 control Servo HRV3 control

(R100 mm, 10000 mm/min, without quadrant protrusion compensation)
Example of effects of SERVO HRV control
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1.2

ADJUSTMENT PROCEDURE OUTLINE

Command
from the

Use the procedure below for SERVO HRV2, 3 control setting.

Feed-forward

NC
—>

Fine
acceleration/
deceleration

(*4)

(*5)
Position + High- Resonance Servo HRV2, 3
gain + speed elimination control
¢6) [PO—P|velocity [—Pfilter (*1) (*7)
loop(*3) (*2)

SERVO HRV control adjustment

Setting of a current loop period and current loop gain "

The current control period is shortened from the conventional

value 250 ps to 125 ps by setting HRV2 or HRV3. An
improvement of current response makes the foundation of servo
performance high.

Please select Motor ID from 251 to 350 for ais, ai and [is

motors in order to use HRV2 or HRV3 control.

Velocity loop gain setting

To use "high-speed loop proportional high-speed processing
function" which processes a part of the velocity loop at high
speed(No.2017#7=1) is effective for

adjustment.

& Param - init16prmOFF-LIMNE}

File Edit Move Window Help

a velocity loop gain

o)

I +Baszic Velocity Ctl.

Welocity Loop |Vihrat\0n suppression (Stop} |

—elocity control
" I-P contral

& PI control

=l axis [

j ¥ Parameter Hint

—Velocity loop gain
Integral GaintPE1w}
Propartional GainiPK2W)

Ihcomplete integral
coefficient (PE3WVI

Velocity Gain)

e

_:l Exp. part

s
400 =

Ui = Last setting value a8
—328:: exp. part U:: = Last setting value —-328

coeleration feedback

v Feedback filter

—HigMyspeed compensation ————————————————
* Elocity loop high cycle management function

Welocity gain switching
W Gutting / rapid-traverse velocity eain switching

Welocity gain on cutting 9 160 _|:

Gain on G05AQT made )

200=]
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e Resonance elimination filter adjustment
Some machines may resonate at a particular frequency. In such a
case, the use of a resonance elimination filter ( HRV Filter ) for
removing vibration of a particular frequency is effective.
Tuning Navigator of SERVO GUIDE is useful to adjust HRV

Filter.
Graph | Program | Navigator... | Comm... |:Umnit\ahzed mvo GUIDE
e Tie x|
— [ Tuning Navigator ]
P e L Tuning navigator supports you by
_ if;“l"‘;;“::ﬂ:jmgm step-by-step Wizard. Following items are
T EEn available.
L iy - Automatic tuning of velocity gain setting
l S = - Automatic tuning of HRYV filters
. ENEENNRRNERNNEEN | - Support for setting of High Speed and High
Cacuuion e Precision functions. Please use this wizard

e with connecting to CNC.

e  Velocity loop gain tuning
Overall servo performance can be improved by setting a velocity
loop gain as high as possible.
Tuning Navigator of SERVO GUIDE is also useful to tune
velocity loop gain.

e  Fine acceleration/deceleration setting ¥
When the response of the servo system becomes high, a figure
error dependent on the command distribution cycle of the CNC
may occur. This effect is eliminated by fine acceleration/
deceleration.

& Param - init1Giprm{OFF-LINE}

File  Edit Move ‘Window Help

& 5V ¢ SP | GroupiG) fxiz [ «| W Parameter Hint

Position Control | Mormal FF - Fine ace./dec (FAD)
7 AD :eNjne
¥ FADgnable [~ Cutfrapid FAD @ Linear FAD
I~ Always FAD = Bell-shaped FAD

Time constant of Acceleration and FAD
Rapid- Cutting
traverse feed
Acceleration time formal) {ms) az=]
Acceleration time (Advanced Preview) {ms) S
FAD Time constant {ms) [ =] k =
/
N’
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Feed-forward coefficient adjustment >

By advanced preview feed-forward, a servo delay is eliminated,
and a figure error is minimized. Usually, a feed-forward
coefficient of 97% to 100% is used.

& Param - initl 6 JFF-LINE

Fils Edit Move Window Help

8V 5P | Groupi@) | +Fesdforward =] #wis [X =] ¥ Parameter Hint
Normal FF | Fine ace./dec (FADY |
¥ FF enable = | Cut/rapid Feedfarward switehime I Always FF

¥ FAD enable [T Gutfrapid FAD switching ¢ Linear FAD
= | Adi/Gars BB switehite. ) Bell-chaped FAD

—
Rapid umng\

Feedformard cosfficient 001% | = W
Welocity feedforward coefficient &0 TUU_|::' =
Accsleration time constant (ms) 32
FAD Time constant (ms) I =] 168 5

’—FF Timing adjustment

Timing adjustment D_:I
=

Titming adjustment (FAD)

Position gain adjustment %
As the response of the velocity loop increases, a higher position
gain can be set. A higher position gain is also useful for error

reduction.

& Param - init16,prm{OFF-LINE}

File Edit Move Window Help

& SV ¢ 5P | Groupld) Position Gontral | fxis [¥ +| ¥ Parameter Hint

Position Gantral | Normal FF | Fine ace./des (FAD) |

I Cuttine / rapid-traverse position loop eain swm:h
Pazition loop ainfz—1) 3000 =41
Fasition [oop eai fot rapid=trayerse (T e~ ‘i'

[~ Position loop gain synchronization in rigid tapping mode with FAD

220543 Position loop gain synchronization in rigid ta
if usine Fine Acc /Dec. (FAD function

Setting and adjusting SERVO HRV3 control

When a further improvement in performance is needed, SERVO
HRV3 control may be able to set a much higher velocity loop
gain.
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INITIAL SERVO PARAMETERS FOR
HIGH-SPEED AND HIGH PRECISION
OPERATIONS

Described below are the servo parameters that need setting and tuning
for high-speed and high precision operations. These parameters are
assumed that HRV2 control
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2.1

RECOMMENDATION OF INITIAL SERVO PARAMETERS
FOR HIGH SPEED AND HIGH PRECISION (Series
16i/18i/211/01)

Following table shows recommendation of servo parameters that are
to be set before starting servo tuning. These values will be enough to
get good performance. If you want to get higher performance, you
have to tune the values in gray boxes

[Fundamental Parameters]

values.

setting.

Parameter No. . .
1611181211107 Standard setting value Description
2004 0X000Q11 Mot (Note2) Current control cycle 125 us
2040 Standard parameter ™" | Current integral gain
2041 Standard parameter ™" | Current proportional gain
2003 #3 1 Enables PI function
2017 #7 1 Enables velocity loop high cycle management function
2006 #4 1 Uses the latest feedback data for velocity feedback.
2016 #3 1 Enables variable proportional gain in the stop state
i ) For variable proportional gain function in the stop state :
2 (detection unit of 1 um) .
2119 20 (detection unit of 0.1,m) judgment level for stop state
(specified in detection units)
1825 3000 Position gain
2021 300 Load Inertia ratio (Velocity Loop Gain)
2202 #1 1 Cutting/rapid traverse velocity loop gain variable
2107 150 Velocity loop gain override at cutting traverse
NOTE

1 For ai series motors, using standard parameters
for HRV2 and HRV3 automatically sets up optimum

For a series motors, please change current loop
gain according to following equation.
No0.2040 = Standard parameter x 0.8
No.2041 = Standard parameter x 1.6
2 Keep the bit indicated with X (bit 6) at the standard

3 There is the following relationship between the load
inertia ratio and velocity loop gain (%).
Velocity loop gain (%) =
(1 + load inertia ratio/256) x 100
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[Feed forward and FAD(Fine Acc./Dec.)]

Parameter No. . e
161118121710 Standard setting value Description
2007 #6 1 Enables FAD (Fine Acc./Dec.)
2209 #2 1 Enables FAD of linear type.
2109 16 FAD time constant
2005 #1 1 Enables feed-forward
1800 #3 0 Feed forward at rapid traverse
2017#5 1 RISC feed-forward is improved
2200#5 1 RISC feed-forward is improved
2092 10000 Advanced preview (position) feed-forward coefficient
2069 50 Velocity feed-forward coefficient

[Backlash Acceleration]

Parameter No.

16i/18i/211/0i Standard setting value Description

1851 more than 1 Backlash compensation
2003 #5 1 Enables backlash acceleration
2006 #0 01 0 : Semi-close system 1 : Full-close system
2009 #7 1 Backlash acceleration stop
2009 #6 1 Backlash acceleration only at cutting feed (FF)
2223 #7 1 Backlash acceleration only at cutting feed (G01)
2015 #6 0 two-stage backlash acceleration

2146 50 Stage-2 backlash acceleration end timer

2048 50 Backlash acceleration amount

2082 5%8:?;5::253) Stop distance (detection unit)

2071 20 Backlash acceleration time

[Time Constant]

Parameter No.

161118121107 Standard setting value Description
1620 200 Time constant(ms) for linear-shaped Acc./Dec.
1621 200 Time constant(ms) for bell-shaped Acc./Dec.
1770 10000 Maximum Cutting Speed
1771 240 Time(ms) = 0.2G (Al, Al Nano)
1772 64 Time constant for bell-shape
8400 10000 Maximum Cutting Speed
19510 240 Time(ms) = 0.2G (Al HPCC, Al Nano HPCC)
8416 64 Time constant for bell-shape
1768 24 Time constant for after interpolation
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3

GAIN TUNING BY TUNING NAVIGATOR

-10 -
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3.1 OUTLINE OF GAIN TUNING BY TUNING NAVIGATOR

If you press the [Navigator] button in main bar , you see the following
dialog . Please select "Initial Gain-Tuning" at first and tune servo loop
gain according to following procedure.

Tuning navigatar

Gain-Tuning Cancel |
High =peed & Hieh precizion Tuning e

Select tuning item.

futo-tuning wizard for INITISL velocity gain tunine (Pleaze
uze at the first time of gain tuning)

e In "Initial Gain-Tuning", the velocity gain is determined with
large margin against the limit of vibration level. When you use
this tuning, the gain become a little larger than initial state, and
the resonance of the machine becomes more clear.

e Next, please select "Filter-Tuning" in order to suppress the
resonance vibration.

e "Gain-Tuning" is used for final determination without any
resonance. This function realizes the higher velocity loop gain by
reducing the gain margin.

The following table shows the items and contents to tune.

This is the automatic tuning of velocity gain. It determines the
gain, moving the target axis and measuring frequency
response. When you've not tune the gain yet, please select this
menu first.

|Initial Gain-Tuning

This is the automatic tuning of HRYV filters(Resonance
elimination filters). It determines the optimum filter setting by
detecting resonance frequency with the gain which is
determined Initial Gain-Tuning.

|Filter-Tuning

|Gain-Tuning ‘IAfter application of above filters, this wizard raise the gain more
by automatic tuning.

The wizard, which makes the tuning for High speed & High

precision easy, will start. The plural parameters, which are

related High speed & High precision function, can be

determined easily by only one slider. The square with 1/4 arc

|program is used for the evaluation.

High speed & High
precision Tuning

-11 -
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3.2

GAIN AND FILTER TUNING BY TUNING NAVIGATOR

[Initial Gain Tuning]

| [ 2] e8e] | v | e~ [ )

Frascpaney Fapords

Ol |

38 Giaph - Unstied1[D8-LME] . ol
Fialf| EcMEl Cowal[] Sshpfl] Vaedd] Meded| Teod] HaloH)

Vimprdyuci 4 B

Fraguldsl|

Bocly Mo

By using Tuning Navigator you can easily tune velocity loop gain. As
the tuning of velocity loop gain is most important for all of servo
performance, please execute Tuning Navigator before following servo
tuning.

At first, please select "Initial Gain-Tuning".

10l = 12 irenah - Ui B 100-LOHE al0l x|
Filfl EdiE] Comill Bk Under 10dB el
D] | [ 2y e =y gizs|=sg] [ |
- iy g *
: g o Under -20dB
E i
} o
> =
o
|
I .
i
B .
|

Tuning Navigator shows bode-plot of velocity loop and you can
understand the performance of velocity loop.

Upper line in bode-plot shows gain characteristic and lower line
shows phase characteristic. Important points of this figure that you
should note are as follows. (About the details of bode-plot, please
refer to several books of basic control method)

e The width of 0dB level of gain line is important. By setting
higher velocity loop gain, it becomes wide.

e  QGain level of resonance frequency has to be suppressed at least
under -10dB.

e  Gain level around cut-off frequency is less than 10dB.

e  Gain level near 1000Hz has to be lower than -20dB.

This bode-plot shows that 0 level of gain line becomes wider and
performance of velocity loop rises.

-12-
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[Filter Tuning]
Next, Please select "Filter Tuning". Following example shows that
gain line at two resonance frequencies (250Hz and 530Hz) are
suppressed by Filter Tuning.

52 Grash - Mess VG260% SouH-LIRE] 3 il = € Giash - Foes VGIRITFIL gl R-LIKE | =I00] x|
Fislfl EME| Cowslll Setuplil Ward] ocpll Teoll] HeblHi Fidf] EdaE| Cowall] Seoptd] Vards] Mecebll Teclll HeelHi
Dl Eal [ 28] g2c] o v =) aiesl-gies] 1 ol D@l 5@ [ & €6 Under -10dB [ [& 1)
= i 2 et oy PSR S0 5030 2 & Dt
= ISl I Diwra?
| i | e |
I -n | il
o g
ro. i
.o r
i | "

[Gain Tuning]
Finally, Please select "Gain Tuning". Tuning Navigator decides the
final result of gain tuning.

-13 -
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4

TUNING OF ACCELERATION AND
DECELERATION

-14 -
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4.TUNING OF ACCELERATION AND DECELERATION

4.1

TUNING OF TIME CONSTANT FOR RAPID TRAVERSE

& bl Work tudums+luy

Please rise time constant for rapid traverse by observing TCMD. Bell
shape acceleration/deceleration is effective

mechanical shock and to avoid TCMD limitation at high speed.

Please set this time constant as small as possible. Normally TCMD has
to be smaller than 100% when maximum weight is put on your

machine.

Following figure shows the effect of this tuning. Tuning of rapid

traverse contributes to reduce cutting time .

& bl Work tLlolms+Llul

in order to avoid the

168 . ; ; ; ; ; ; : 188 .
%.8 Velocity | | . | | . | E@ Velocity
£ oH (I B it A S
1 1 1 - L L | 1 i 1 1 1
et (AR S R §8~
N al
g : o y | I
1 1 1 1
= BN SR R e e
g ) ! : 1
[ = L - /R T N A A
Er% _EH----:----:----: ----- o E% 4 | : Max.Current
= i1 L B R o v == _gg-——-l--— L R S S A
_gg I L T r - 1 A T r % - ! T r r 1 bl T [
1 R A [ R I A
Tl —rre TN =] TEED T 110 s TE00 T Iy nztii]
Time imzec) Time (mzec)
I Param — init1 & prm{OFF-LINE}
File Edit Move Window Help
Group < fwie [£ =] W Parameter Hint
Time congtan
F\cce\eral‘}un‘alrer interpolation -
& Exponential =
© L Tine (o) 5
(r‘ Eell-shaped 40 _.::' -
-
~Rapid traverse T )
7N e
M L) 18
W (D) ol A e -t mm e am e ae -
Max. acceleration | | 00983 (mm/sec/sec) ED L
0 100 200 =300 400 OO0
Time (ms)
[Time Constant for Rapid Traverse]
Parameter No. Description
16i/18i/21i/0i
1620 Time constant(ms) for linear-shaped Acc./Dec.
1620 Time constant(ms) for bell-shaped Acc./Dec.

-15-
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4.2 POSITION GAIN CHECK

Please set position gain 5000 and check TCMD and velocity at rapid
traverse. If there is no vibration please change position gain to 5000.

- 16 -
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o

TUNING OF CIRCLE
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5.TUNING OF CIRCLE
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5.1 TUNING OF FEED FORWARD COEFFICIENT

To set feed forward function is necessary to realize higher
performance. Feed forward function reduces position error and makes

it 0 by setting 100% coefficient.

Feed-forward

Position command from CNC is
transformed to velocity command
compensation. This compensation
reduces position error and contour
error, which is mainly caused by the
delay of position loop.

Velocity feed-forward
Variable ratio of velocity command
(acceleration) is transformed to torque
command compensation. This
compensation reduces position error
and contour error mainly caused by the
delay of velocity loop.

Position
command +

— o>

Velocity
loop

Following figure shows the effect of feed forward function. Feed
forward function reduces 250um error to Oum.

Feed forward coefficient 0%

S8 ITUNE Giaph - Untstbed [DN-LINE] =10 x|
FielF] EJHE] CommiC) Setuplsl Viewld| ModelM] TockT] Help)

D@ Bl@| [F 8| @l > 1oy ]
rle Jeal The error of radius is
0 e @lMost 250pm

1 -
2 P g
P4
o Vi,
,/:/
"

i

HEOEED

MMon Mar 12 2122

Refer

CIRGLE Made.

il |r_|;

Position feedback

Feed forward coefficient 100%

Ba ITUNE Graph - Unistbed] [ON-LINE) :
_FielE) EGHE] Commil) Setupls) Viewd] ModelM] ToolTl HepH)

=18 =|

Circle Test

R 10000

CIRCLE Made.

D= B2|&| [ & o]

&>

The error of radius is
almost Oum

B EinEEE

Refar

- 18 -
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5.TUNING OF CIRCLE

If you want to adjust more, please adjust feed forward coefficient. But
you have to note that we don't recommend to set feed forward
coefficient over 100% because it indicates that the actual machine
moves ahead of its motion command.

I&A Param - init1Gprmi0F F-LIME

o o +Feedforward

-19-
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5.2 TUNING OF BACKLASH ACCELERATION

[Backlash Acceleration]

If there is position error at the point that the axis turns, please adjust
backlash acceleration amount.

Please rise or reduce backlash acceleration amount step by step. The
step value of this is about 10. If under cut occurs just after position
tuning, please stop adjusting. Big protrusion and under cut make the
result of cutting worse. Please try to tune this value so as to make
protrusion under Sum.

Parameter No.

16i/18i1211/0i Standard setting value Description

2048 50 Backlash acceleration amount

-20-
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6

TUNING OF SQUARE
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6.TUNING OF SQUARE

6.1

B-65264EN/01

SETTING OF CORNER DECELERATION

Corner deceleration is necessary to reduce position error at corner.

Please set about 500mm/min at first.

Fie Edt Move 'Windew Help

=101 x|

o oy Sp Gioupll) if.d-d-ﬂr.ﬁ'_lprr_.ubnl'.ll ﬂ ,eu.;l:-( :J ¥ Parametst Hint
Tirne congtant CWHMMIMHMMM| Dier selling |

A

[Corner Deceleration (Allowable Speed Difference)]

Al CONTOUR
Al NANO CONTOUR

Al High Precision Contour
Al Nano High Precision Contour

Parameter No.
16i/18i/21i/0i

Parameter No.
16i/18i/21i/0i

Standard setting value

1783

8410

500

B8 (TUNE Eraph - Uniflbed]{ON-LINE]

Following figure shows the effect of corner deceleration. You can see
the position error becomes small.

: =10] | 52 (TUNE Graph - Untithed] {ON-LINE] =100 %]
Fielf] EdHE] Commil) Sefup(S) View(] Mode[M] TockT] HelplH) _Fielf] EdHE] Commil] Setup(S] Viewd] ModelM] ToclT] HelpH)
D@ 28| [F £ Sl o] =) sial=slosi [T _I_I_IEIQH__iﬁIﬁIiI:IJﬁlib&JI__I
5 W Digerd
= I~ Drawe = ™ Drawe
a i I ‘s il a I~ O
- o 5 o
1.08 g S z E o 1.08 B o
20§ = Jiz i 208 b Ji& i
3 20um b :': i 4 20um 2 ? I
3 PN : b o ..
I e A
5 5
i 2
= -G08 = -G08
* =7 x -7
O0F 1907 1988 @0l M@ A0S TO5 1067 1060 mOol AW mis
3{ Tmm? hd Hd Lemmi b
14 ,L'JJ Lol ‘I—'JJ

22
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6.TUNING OF SQUARE

6.2 TUNING OF TIME CONSTANT FOR CUTTING FEED

You also have to note the value of time constant of corner deceleration
and its shape when you tune the position error at the corner. Time
constant before interpolation is applied to this deceleration. If you
don't use bell time constant the shape of tangent velocity at the corner
becomes "V" as you can see in following figure. As the changing rate
of its deceleration is decided by time constant before interpolation, to
set large value to this time constant (to set small acceleration) leads
better result at the corner.

D A
Y
Contour
X
C B
Straight
Part:F3000
\ : { s eldcity|of X axis
.- s

¢

\)’ : 233: J \
|

o L

T

L e
ink g

7T\

1

<

Y V ! o
Y E;R C D 5889 \ [

elocity of Y axis

Corner Part:F500

10

Tangent velocity Velocity of each axis

If you couldn't get good result by setting corner deceleration, please
adjust time constant. And to set bell-shape time constant is also
effective not only to corner performance but also arc corner
performance. But you have to note that to set bigger time constant
makes cutting time longer.

-23 -



6.TUNING OF SQUARE B-65264EN/01

& Param - init 6prmOFF-LINE}

File Edit Move Window Help
Group{G? I +8] Nano GG LI Axis I){ LI W Patameter Hint
Time constant IComer deceleration | Arc radius deceleration | Deceleration by acceleration | Other zetting |
— beceleration before interpolation for cuttine feed P
I o tmmmind EE [ E E : i
400—:. {ms) Linear adgeleration 52 : - "i
e me=Ercion = o
’m {mmszec/zec) 245 Time ms}
— foe after interpolation (out) M—traverse = 3 T T T T
Time {ms) " Linear acceleration oo | . . .
: =I5 e : 2l -- At o— : :
((i E:ioar:enual I D_l; o« Eel;;h?pe(d a:celeratlun UEULD : : :
[ o= = ns AN S
= Bell-shaped = 0= e Fo ' ' ' '
— 0 100 200 300 400 500
Max. acceleration 208333 (mm/sec/zec) Time (ms}
[Time Constant Before Interpolation]
Al CONTOUR Al High Precision Contour
Al NANO CONTOUR Al Nano High Precision Contour i
Description
Parameter No. Parameter No.
161/18i/21i/0i 161/18i/21i/0i
1770 - Maximum Cutting Feedrate
1771 - Time
- 8400 Maximum Cutting Feedrate
- 19510 Time
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6.TUNING OF SQUARE

6.3 TUNING OF VELOCITY FEED FORWARD

[Velocity Feed Forward]

Velocity feed forward can improve the shape at corner. Because it
outputs ideal TCMD for acceleration and deceleration and helps the
movement of integration in velocity control. Please adjust this
coefficient.

If you don't use Nano-Interpolation, please set this coefficient under
400.

B Param - init1Gprm{OFF-LINE}

File Edit Move ‘Window Help

& SV SP | GrouplG |+Feedf0rward LI Biz |}{ LI ¥ Parameter Hint
Marmal FF AL Mana FF | Fine acc./dec (FAD) |
¥ FF enable I~ Gutfrapid Feedforward switching I Always FF

¥ | Falenstle = | Cut/tapid B switchine & Linear A
™| A/ Gong B ewitehie ) Bells=haped| FAD

Rapid Gut [adv]  Cut [comy]

Feedforward coefficient {0.01%) 10000 ;__Jﬂﬂﬂt 0=
Velocity feedforward coefficient () 100G 100 == 0=
ficceleration time constant (ms) e 404
FAD Time constant {ms) I 16 ::ll 16 = =

Timine adjustment I 0 —|

The contents in this page is applicable to ‘AT HPCG

FF Timing adjustment
and Al Nano HPGGC' ’7

Parameter No. Standard Description
16i/18i/21i/0i setting value
2069 50 Velocity feed-forward coefficient
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7 TUNING OF ARC SQUARE
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7.TUNING OF ARC SQUARE

7.1

SETTING OF ACCELERATION AT ARC

Contour

At the arc part the acceleration quickly changes and it makes position
error. In order to avoid this problem, please set the limitation of
acceleration at the arc.

Following figure shows how velocity changes by using this function.
In this example feed rate at the arc is reduced till F1000 and becomes
F4000 again after the arc. Deceleration rate before and after the arc is
decided by time constant before interpolation.

Straight Part:F4000

—tine

Rivel

CONTOUR node

-1000|

- 2000
]

Error 10un/div mag.=500

5000

000 UFF=200/300 10000100 F

Velocity of X axis

4000

O

.—time mode

K SR |

3000

P

Ual
o
=1-1
=21

2000

|

00! -
T e il

1000

|

>

|
0
B

Cc

N - 2NN

D |y : ~

Corner Part:F1000

/ Velocity of Y axis

‘ ‘ ‘ -10000|

0.5

1 1

.5

E3 2

.5 3

3.5 a a.5 5 -~ 600K 0.5 1 1.5 2 2.5 3 3.5 a 4.5 5

Tangent Velocity Velocity of each axis
Following figure shows the effect of applying this function. Position
error at the arc is reduced.
gain 300x fad 24msec F4000 gain 300v fad F4OOO 0» dec v5/Ff3000 F2000
" AN F4000 c i ol o \
it |
. i A \; X g7 Kl
10um error 5 10um error
<> ::: <>
1 v — —
2
N A IEEN )
S r / e 7 /
Y5 =0 s -10 -5 o 15 20 25 %S 20 15 -10 -5 ] 5 10 /15 20 25
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If you are using Al Contour Control or AI Nano Contour Control, you
can select radius and feed rate. As this example radius=5mm and feed

rate at the arc is F2000, you only have to set R=5000um and feed rate
=F2000.

& Faram - init16prm{OF F-LINE}

File Edit Move Window Help

SV ¢ SP | Group(@ +AI Nano GG ~| axic [ =] ¥ Parameter Hint

Time constant | Gorner decsleration #re radius decelration | Decsleration by scceleration | Other sstting
Arc radius-base feed rate clamp R

Maximum feed rate for arc radius R 5000 =V mm/mink

2000mm

A,

fire: radius vaiue corresponding 1o
a maximum feed rate

Lower feed rate limit

ed

W] (mm/imind

Snue

Mazx. acceleration

347222 (mm/sec/sec) 0 20 40 @0

If you are using Al High Precision Contour Control or Al Nano High

Precision Contour Control, you have to set by time constant or
acceleration value.

& Param - init16prm{OF F-LINE}

File Edit Move Window Help

« 5% SP | Group(@) +AI Nano HPGG ~| axic [ =] ¥ Parameter Hint

Time constant | Gorner decsleration  Deceleration by acceleration | Jerk control |
Deceleration by acceleration

i

¥ Automatic velocity control
¥ Velacity contral during circular interpalatian

msmin,
40

Maximum feedrate 60000 — {mm /min)

20

Snueed

Time constant o (ms)
Allowable acceleration 472 = (mmieec/sen)
-

[Allowable Acceleration]

Al CONTOUR
Al NANO CONTOUR

Al High Precision Contour

Al Nano High Precision Contour e
Description
Parameter No. Parameter No.
167/18i/21i/0i 167/18i/21i/0i
1730 - Feedrate (mm/min)
1731 - Radius (um)

8470 Allowable Acceleration
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Adjusting velocity feed forward coefficient is also effective to this
part. Position error is caused by a delay of velocity loop just after
entering the arc and just after the end of the arc. Velocity feed forward
compensates this delay and position error is reduced.

-E 18
'- i ) ' o D
3 A T K N&S
e - Cf " W 8%
E I | Position error ,<i| 5
. | caused by Y | Ao
! axis's delay L4 £
i - .'A: u

Position error

d Y caused by X 2o Y
axis's delay |:> \

- x = F X

- 1
T =T R T RV R E— J | - R P25 20 -15 10 -5 © 6 15 20 25

.

Without Velocity Feed Forward With Velocity Feed Forward

B Param - init1Gprm{OFF-LINE}
File Edit Move ‘Window Help

& SV SP | GrouplG |+Feedf0rward LI Biz |}{ LI ¥ Parameter Hint
Normal FF Al Nano FF | Fine acc./dec (FAD) I
¥ FF enable I~ Cutfrapid Feedforward switching I~ Always FF

¥ | Falenatle = | Cut/tapid BEDlswitchine ) Linear FALD
= | Edv/Gar, BE switehine €0 Bell-sfaped FAD

Rapid Gut [adv]  Cut [comy]

Feedfarward coefficient [0.01%) 10000 =l = 0=
Welocity feedforward coefficient &) 100G 100 = U=
Acceleration time constant (me) = 404
FAD Time constant (ms) I 16 j o= U=
FF Timing adjustment
The contents in this page is applicable to AL HPCC' ’7Timing adjustment I U_,::'
and ‘Al Mano HPGC'.

[Velocity Feed forward]

Parameter No. | Standard setting Description
16i/18i/21i/0 value P
2069 50 Velocity feed-forward coefficient
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HRV3 CONTROL

HRV3 Control is effective to get higher performance at high-speed
and high-precision machining center. HRV3 Control manages current
control twice faster than HRV2 Control. This contributes to make
motor current smooth and to make current response faster. If your
machine's precision is over your target by HRV2 Control, HRV3
Control will help you.

HRV3 Control has a current control mode. When "High Speed HRV
Current Control Mode" is on, cycle of current control becomes twice
faster than HRV2 Control. When it is off and rapid traverse, cycle of
current control equals to HRV2 Control. By program code G5.4Q1
and G5.4Q0 you can select "High Speed HRV Current Control
Mode".
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8.1 BEFORE YOU SET HRV3 CONTROL

Before you set HRV3 Control you have to notice the number of
amplifiers. When HRV3 is set the maximum number of amplifier per
one FSSB line is 4. So if the number of amplifier of your machine is
over 4, you have to use two FSSB line.

OO O

LRV |:|l |:|l |:|l |:|l
i | | |

OO O

e | oE| | oe|| e

(| | | |

8 amplifiers and 1 module are available per one FSSB line

puliniis|iw

oe| | [m| | el e

i —i i
puliniisiis

HRV3 I:I. I:I. I:I. I:I.
HRV3 ' § § §

4 amplifiers and 1 module are available per one FSSB line
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8.2 PARAMETERS FOR HRV3 CONTROL

[HRV3 Parameters]

To set HRV3 Control from fundamental parameters which we
recommends you have to set only three parameters. No.2013#0 is a
function bit of HRV3 Control. No.2334 and No.2335 are
magnification of current gain and velocity gain in HRV3 mode.

Parameter No. . .
16i/18/21/0i Standard setting value Description
2013 #0 1 HRV3 (Current control cycle 62.5 us)
2334 150 Current loop gain override in HRV3 mode
2335 *1) 200 Velocity loop gain override in HRV3 mode

(*1) No.2202#1 is needed to valid this parameter.

& Param - init16prmOFF-LINE)
File Edit Move Window Help

& SV ¢ 5P | GrouplG) |+Easic Current Ctl, j Bz I}( d ¥ Parameter Hint

HRY Settings |Ourrent Gain I Gontral cycle in detail |
—Gurrent contral
" HRW1 ¢ HRVZ (+ HRW3 50ther
additional setti
v Cuttjne / rapid-traverse velocity gain switeki
N__Cupént gain override %)
ieh-speed HRW}

Velocity gain override ()
(Hieh-speed HRW}

— Dead-band settings
Dead-band width Dizad-band

8 fus) camp. frend! |T4:{
< o

Following table shows fundamental parameters for HRV2 Control.
HRV3 Control also needs these parameters. Please confirm these
parameters too.

[Fundamental Parameters]

Parameter No. . e
16111812170 Standard setting value Description
2004 0X000011 Current control cycle 125 us
2040 Standard parameter Current integral gain
2041 Standard parameter Current proportional gain
2003 #3 1 Enables PI function
2017 #7 1 Enables velocity loop high cycle management function
2006 #4 1 Uses the latest feedback data for velocity feedback.
2202 #1 1 Cutting/rapid traverse velocity loop gain variable
2107 150 Velocity loop gain override at cutting traverse
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8.3 HIGH SPEED HRV CURRENT CONTROL MODE IN HRV3
CONTROL

G5.4Q1 and G5.4Q0 are program codes to specify "High Speed HRV
Current Control Mode". Program codes for cutting traverse between
G5.4Q1 and G5.4Q0 is in "High Speed HRV Current Control Mode"
and cycle of current loop becomes faster and magnification for control
gain is applied.

PROGRPOM
8081

ent
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8.4 HOW TO CHECK THE STATE OF HRV3 CONTROL

Diagnose No.700 is available to check the state of HRV3. After you
set HRV3 Control(No.2013#0) and power off/on, please check Bitl of
DGN700(HOK). When HRV3 Control is accepted to CNC, HOK
becomes 1.

After you commands G5.4Q1 when HOK=1, Bit0 of DGN700(HON)
becomes 1 in cutting traverse. This means cycle of current loop
becomes faster and magnification for control gain is applied.

-34 -



B-65264EN/01 8.HRV3 CONTROL

8.5 TORQUE COMMAND LIMITATION IN HIGH SPEED HRV
CURRENT CONTROL MODE

In "High Speed HRV Current Control Mode" torque command is
automatically limited less than 70% of the maximum torque to protect
transistor in amplifier. So torque command is easy to be saturated by
torque limit. Please don't command high speed and high acceleration
in "High Speed HRV Current Control Mode". Normally this mode in
HRV3 Control is used for final cutting and 70% limit doesn't become
the reason of trouble.

Torque Curve in G5.4Q1

HRV2 and HRV3 Rapid and
Torque A HRV3 Cutting (G5.4Q0)

1 1 1 \
700 W VW N\

\%
HRV3 Cutting (G5.4Q1)

4
Speed
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8.6 ABOUT THE EFFECT IN HIGH SPEED HRV CURRENT
CONTROL MODE

Following result of circular shape and 10um step are an actual result
of a machining center which uses HRV3 Control. You can see the path
error of circle is less than 2um and smoothness is less than 1um.
There is no overshoot at the point of 10pum step.

RS .
=T Ta=T00E=3 i
Y
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9

BACKLASH ACCELERATION
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9.1 ABOUT BACKLASH ACCELERATIONS

The shape of backlash acceleration is simple as following figure. This
acceleration value is added to VCMD for velocity loop integration and
it helps the movement of the integration at its reverse point. By this
effect, position error at the reverse point is reduced.

(Standard Backlash Acceleration)

Backlash Acceleration Amount
A

No.2048

VCMD

Basically you only have to think two parameters. No.2071 means time
width and its default value is 20. Normally you don't have to change
this value. No.2048 means amount of backlash acceleration. Please set

100 at the start of tuning and change this value by watching circular
shape.
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9.2

INITIAL PARAMETERS FOR BACKLASH ACCELERATION

Before you start to tune backlash acceleration, please set the initial

parameters as follows.

[Fundamental Parameters for Backlash Acceleration]

Parameter No. . —
16i118i1217/0i Standard setting value Description
1851 more than 1 Backlash compensation
2003 #5 1 Enables backlash acceleration
2006 #0 0/1 0 : Semi-close system 1 : Full-close system
2009 #7 1 Backlash acceleration stop
2009 #6 1 Backlash acceleration only at cutting feed (FF)
2223 #7 1 Backlash acceleration only at cutting feed (G01)
2015 #6 0 two-stage backlash acceleration
2146 50 Stage-2 backlash acceleration end timer
2048 100 Backlash acceleration amount
2082 53 (((:.F:Tr:?jteet(;t::?irz)%) Stop distance (detection unit)
2071 20 Backlash acceleration time

You can set almost all of these parameters from parameter window.

& Param - initl 6 prm{QF F-LINE)

File  Edit Maove ‘Window Help

-

Backlash acceleration I2—stage backlash acceleration I 2-stage backlash acceleration 2 I Static Friction lﬂﬂ

¥ Backlash acceleration enable

[~ 2-stage acceleration enable

W ibcceleration enable only on cuttine:
—Backlazh comp.

I +Backlash Acceleration

=l s [H

LI [V Patameter Hint

Backlazh Camp
¥ Backlash comp. dizable for position

I 1 3: 1.000um

—Backlash acceleration

Backlazh acceleration amount I 100 3

fiocelerationts = 4 I =

Count number I 20 32 Ams
¥ Acceleration stop
Acoeleration stop timing I 5_.:3 0.763um
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9.3 TUNING OF BACKLASH ACCELERATION

9.3.1 Initial State

Following figure shows initial state of circular shape with no servo
tuning. You can see about 2um quadrant protrusion at the reverse
point of X axis and Y axis.

R10/F2500 PG30 S WGE200%
Mo2043=0

Tue Jul 06 21:69:08 2004

SGLE Mode.

Following figure shows the result after setting the initial parameters
for backlash acceleration in Section 9.2. By setting the initial
parameters quadrant protrusion is suppressed well.

R10/F2500 PG30 S/ WGE200%
Mo2043=100

Tue Jul 06 21:68:30 2004

SGLE Mode.
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9.3.2  When to Stop Tuning

At first we have to know when to stop tuning of backlash acceleration
amount.

Following figure shows the result of N0.2048=200. This figure shows
"under cut" is occurred at reverse points. We have to avoid "under
cut" because this cirtainly makes scratch on a surface of cutting work.
So we have to stop tuning No.2048 just before "under cut" appears.

R10/F2600 PG30 4 WGE200%
MNo2048=200

R: 10000
w —10.0002
Y. 0,000 ’
G B000 g
210

Tue Jul 06 21:57:00 2004

CIRCGLE Mode.

By enlarging the error at the reverse point it becomes easier to judge if
"under cut" occurs or not.

By pushing "z" the error becomes wide and by pushing "Z" it becomes
narrow.

By pushing "u" the grid of the error becomes small and by pushing "d"
it becomes big.

Following figure is the result after pushing "z" and "u".

R10/F2500 PGE30 J WE200%
Mo2048=200

ul 06 215700 2004

c
=3
o
[0}
=2
e}
c
-

CIRGLE Mode.

Under cut
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9.3.3  The Effect of Gain Tuning

From Section 9.2 we have to judge No0.2048=100 is final value. But a
little protrusion is still at the reverse point. In this example the reason
of this is insufficient gain tuning. The power of suppressing protrusion
by position gain and velocity loop gain is strong and stable. We have
to do sufficient gain tuning before all tuning items.

R10/F2500 PG30 S/ WGE200%
Mo2043=100

Tue Jul 06 21:68:30 2004

SGLE Mode.

Following figure is the result after gain tuning with no backlash

acceleration. Protrusion is almost dissapired without backlash

acceleration and you can recognize how important gain tuning is.

(Tuning Item)

e  "High Speed HRV Current Control" is applied

e  Velocity loop gain is 600% (In upper result velocity loop gain is
200%)

e  Position loop gain is 100/s (In upper result position gain is 30/s)

R10/F2600 PG00 / WEI00%2HRWI)
Mo2048=0

R 100000

¥ -10000z2
Y 0000
G
i

+2 Oum

G000
10

Tue Jul 06 22:20:50 2004

CIRGLE Mode.

The tuning of backlash acceleration becomes easier after sufficient
gain tuning. Following figure is the result after applying the initial
parameters for backlash acceleration in Section 9.2. There is no
protrusion by the effect of high gain and a little support by backlash
acceleration.
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R10/F2500 PG100 / VE300%2 (HRV)
Mo2048=100

Tue Jul 06 221927 2004

CIRGLE Mode.

As this figure shows the most important thing to remove quadrant
protrusion is to do gain tuning. After you success to do gain tuning,
the tuning of backlash acceleration becomes easy. So please consider
backlash acceleration is not the main function to suppress quadrant
protrusion.

_43 -



9.BACKLASH ACCELERATION B-65264EN/01

9.3.4 Override Function

Following two figure shows the difference by feed rate. In these
results same acceleration amount (No.2048=100) is used, but the
result is opposite. As this figures show, small backlash acceleration
amount is needed at low speed and big amount is needed at high speed.
So we have to change backlash acceleration amount by feed rate.
Actually optimum acceleration amount is almost proportional to
acceleration. Therefore "Override Function" which changes the
acceleration value according to the acceleration is needed.

F500mm/min VEZ00H2 F5000mm/min MG200H2

F: 10000
# =10.0002
Y. 0000
G 10000
Z10

Tue Jul 06 22:24:41 2004
Tue Jul 06 225163 2004

CIRGLE Mode.
CIRGLE Mode.

No0.2048=100 is big for No0.2048=100 is small for
F500mm/min F5000mm/min

(*) In this chapter we use Position Gain=50, Velocity Gain=400%

Override function has two parameters. No.2114 is a coefficient of
override and No.2339 is a limit value. Tuning process of these
parameters is not difficult if you do it by following method from (1) to

(3).
[Parameters for Override Function]
Parameter No. . L.
| D
16111812170 Standard setting value escription
2048 100 Backlash acceleration
amount
2114 0 Backllash accglgratlon
override coefficient
2338 0 Backlash acceleration limit
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Backlash
Acceleration
Amount
A
No0.2338 | .
v
.-"No.2114
No.2048
|

Acceleration

(1) Decision of No0.2048
In order to decide No0.2048 you have to tune No.2048 at low
speed. In this example we used F500mm/min and Radius 10mm.
Please deside optimum value of N0.2048 at low speed and set the
result in No.2048. Following figure is the result of No0.2048=30

and we set 30 in N0.2048 here.

R10/FR00 PGRO / WG200%+2
Mo2042=30

F: 100000

¥-10000z2
Y. 0000
G
s

5000
10

Tue Jul 06 225672 2004

CIRGLE Mode.
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(2) Decision of No.2114

No.2114 has to set after tuning No.2048. No.2114 is decided at
middle of maximum cutting feed rate. In this example we used
F2500mm/min. Please increase No.2114 and decide optimum
value of it not to occur "under cut". If you increase No.2114,
actual amount of backlash acceleration increases.

Following figure shows the result of tuning No.2114. Quadrant
protrusion is well suppressed.

R10/F2600 PGEO / WAS200%2
Mo2048=30 OVR35

Tue Jul 06 23:00:54 2004

ELE Mode.

(3) Decision of N0.2338
Finally you have to set No.2338. Override coefficient decided at
middle speed outputs big acceleration amount for high speed as
following figure. So we have to decide limit value at high speed.

In this example we used F5000mm/min.

R10/FB000 PGEO / WAS200%2
Mo2045=30 OR35S LIMO

Tue Jul 06 23:04:38 2004

ELE Mode.
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Following figure shows the result of tuning No.2338 at high
speed. Quadrant protrusion is well suppressed.

R10/FB000 PGEO / WAS200%2
Mo2048=30 OWRIE LIM226,/260

Tue Jul 06 23:03:27 2004

ELE Mode.
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9.4 ACCELERATION AMOUNT BY EACH DIRECTION

Sometimes we meet a circular shape that protrusion of top and bottom,
or protrusion of left and right are different. In this case we have to set
acceleration amount separately.
If N0.2094 is not 0 No.2094 is applied to the reverse point of left and
bottom. And No0.2340 is a coefficient of override function and
No.2341 is a limit value for No.2094.

[Parameters for Separate Backlash Acceleration]

Parameter No. Standard Description
161/18i/21i/0i setting value
2048 50 Backlash acceleration amount
2114 0 Backlash acceleration override coefficient
2338 0 Backlash acceleration limit
2094 0 Backlash acceleration amount (-to +)
2340 0 Backlash acceleration override coefficient (- to +)
2341 0 Backlash acceleration limit ( - to +)

RI10/F2500 Difference of Pratroeion

N0.2048
& 10000 L Noatis
% ~100002 = No.2338
0000

[E3

=

No.2094
No.2340
No.2341
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9.5

BACKLASH ACCELERATION OFF AFTER STOP

[Parameters for Backlash Acceleration Off after Stop]

K=Y Mode,

Sometimes the optimum value of acceleration for long time stop is a
little different from the value which is decided by circular shape. The
phenomenon is caused by the difference of friction, backlash or
mechanical torsion at stop. Following figure shows the bad influence
from backlash acceleration at the case of 10um step movement. You
can see about 3um overshoot occurs.

As a countermeasure for this problem, the function of "Backlash
Acceleration Off after Stop" is available.

Parameter No. Standard Description
16i/18i/21i/0i setting value
2005#7 1 The static friction compensation
2283#7 1 Backlash acceleration off after stop
2073 5 Stop state judgement (ITP)
2071 0 Static friction compensation count
2072 0 Static friction compensation

(*) This function uses

compensation".

This function is OFF

Jun 09 162231 2003

hon

;{0.1 2 -In -01 g -00e -007

~49 -

same parameter for 'static friction

This function is ON

40

¥=' Mode,

0o

S A0 S e B LI S B
anl- no overshoot

7 IS N B

2-0---&---%--- o
Ny

1] S SR

ey

09 16:26:02 2003

Mon Jun

012 -01 -01 -0.08 -0.0a -0.07
A
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