VIGOR ELECTRIC CORP.

e VIGOR

PROGRAMMABLE CONTROLLERS

VB-2VC SPECIAL FUNCTION BLOCK
USER'S GUIDE
-2VC

This manual contains text, diagrams and explanations which will guide the readerin the correctinstallation and
operation of the VB -2V C special function block and should be read and understood before attempting to install or
use the unit.

Furtherinformation can be found inthe VB PROGRAMMING MANUAL and VB SERIES HARDWARE MANUAL.

1. OVERVIEW

VB-2VCis equipped with 2 channels which can perform programmable current limitation and is intended for
inductive loads driving. The VB-2VC is particularly suitable for proportional Electro-Hydraulic valves or
solenoids control. Because of its excellent stability ,outstanding slope mode and fully digital programming cause
itovershadows many other solutions.

Following descriptions highlight the features of VB-2VC :
e Highcurrentdriving capability (upto 1055mA perchannel)
e Equipped with high resolution 12 bit DAC for high precision control
e Fullydigital controlincluding MIN and MAX current, rising or falling Slope and Mode of slope
e Inadditionto SV, all other settings can be setinrun time for fitting different event condition dynamically.
® Provide another S-type slope mode for accelerating and decelerating automatically
® Verywiderange of adjustment of slope
e High efficiency switching mode operation forreducing power dissipation
e Highvoltage operation (upto 45V ) for high power valves application
e Operation by single DC power (Vs) orjustonly voltage on 24 (+,—-) supplied fordowngrade power supply cost
e Thermal shutdown protection
e Equipped with Poly Switch (self-recovery Fuse) for downgrade the maintenance cost

e Equipped with EEPROM to backup basic settings

1.1 External dimensions
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1.2 Using crimp terminations
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e Usecrimpterminations of the type indicated on the left.

e Secure the termination using a tightening torque of between 5 and 8kg cm.

® Wire only tothe module terminals discussed in this manual. Leave all
others vacant.

less than
6.2mm(0.24)




2. WIRING

e Refertowiringdiagram, there aretwo voltage sources wired to
VB-2VC. Because Vs— was connected to 24+ internally, these
two voltage sources are connected serially in structure, the
voltage applied to both channels of valves will be the total
voltageonVs+and 24-.

| Vst > P+
15V = e |fanyvalve whichits voltage requirementis more thanvoltage

on 24 (+,—),apropervoltage source should be wired to Vs (+,-),

otherwise, usercanjustshortthe Vs+and Vs—forgetting Vs+
wiring tothe 24+ and working as the power supply of valve.

P
_‘ +5V
24+ . DC/DC'%
| e Notonlythevoltagevalue needtobe considered, butalsothe
= currentcapacities of both power supplies do.

An externalfuseis highlyrecommended foreach channel and
should be selected properrating fortheirown valve.

NOTE :
Any unuse channel justleaveitopenandazerovalue should
be setto MIN and SV BFMs for the corresponding channel. In
all circumstances, user DONOT short P+ and P-or F+and F—,
doing so may damage the VB-2VC . User should avoid such a
situation to happen.
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3.SPECIFICATION

3.1 Environmental specification

Item Specification

Environmental specifications (excluding following) | Same as those for the VB series base unit

Dielectric withstand voltage 500V AC, 1min (between all terminals and ground)

3.2 Power supply specification

Item Specification
- . . 5V DC, 45mA
Digital circuits (internal power supply from base unit)
24V 12V ~ 24V, 2.3A*
Vs 0~ 21V, 2.3A*
Voltage applied tovalves (Vs+,24-) 12V ~ 45V

*NOTE: the current capacity can be smaller properly if meet the currentrequirement of valves applied.

3.3 Performance specification

Item Specification

Channels supported 2
Maximum Driving Current per channel 1055mA*
Currentresolution of both channel 271pA 5%
Slope mode of each channel Linear or S-type
Switching frequency 25 KHz

1.85A @ 20°C
Poly switch rating of each channel

1.17A@ 60°C

*NOTE: When VB-2VC be driven with large current (more than 80% of full scale ) and be kept foralong
enough time (more than 8 minutes ) or worked under heavy duty, the rising temperature may up
to 50°C, usershould nottrytotouch the powerresisters onthe top of VB-2VC and an externally
forced heatsink handling (like fan) is highly recommended.



4. INSTALLATION NOTES AND USAGE

There are three steps about the usage of VB-2VC listed as following :
1.To decide the voltage of the two power supplies -- Vs (+,—-) and 24 (+,-)

2.To choose the mode of slope (Linear or S-type)

3.Todecide the slope
When all these three things have done, user only need to set target current to VB-2VC (by writing a new value to SV BFM).

In oder to explain clearly, we make some definitions and putthem in proper positions.

4.1 Howtodecide the voltage on 24 (+,-) and VS (+,-)

Definition — - Vdrop

VB-2VC will consume some voltages necessary for current control. We call such voltages as Vdrop.
The amount of voltage value will vary dependent on the programming current flowing to the valve. Typically,
Vdrop may up to 5.6V. Consideration about derating, we assume itto 8V.

If a valve with 43.5Q impedence

and its full scale current up to 600mA,
so the max voltage on valve will be
43.5Q0 x 0.6A=26.1V

and the totally voltage we need will be

26.1V + 8V = 34.1V , where 8V is the Vdrop
If we already have a 24V wire to 24+ and 24—,
so the voltage on Vs+ and Vs— should be

34.1V -24V =10.1V.

e |f a valve with 10Q impedence
and its full scale current up to 750mA,
so the max voltage on valve will be
10Q x 0.75A=7.5V
and the totally voltage we need will be
7.5V +8V =15.5V
15.5V is already smaller than 24V and if both valves are the same,
users can just short Vs+ and Vs— cause Vs+ wire to 24+ terminal.
User even can just supply the voltage on 24 (+,—) low to 15.5V.

When a VB-2VC wired with two different voltage requirements of valves, the bigger one should be applied to.

Even so, VB-2VC still can perform the control well but the smaller one of valve which has alower inductance

may cause a little more ripple currenton it.

When a VB-2VC wired with two of the same voltage requirement of valves, or an application which equipped with

two VB-2VC, a properly lower voltage but matching the requirement of the valve can reduce the ripple current on
valve for more precision control. Doing so will improve linear characteristics especially driving on low current area.

4.2 The mode of slope
VB-2VC has two slope modes. Oneislinear and the otheris S-type.

® Refertofigure 1 andfigure 2, the linear slope mode is easy to understand. The currenton valves will increase
ordecrease proportionally to the past time until itreach the target current.
User need toset “timeofrising” and “time of falling” for getting the slope they want. For different current
gap approach, the slope can be chosen again for getting more smoother motion.

Figure 1. Currentrising by linear slope.
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Figure 2. Current falling by linear slope.
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o Refertofigure 3 andfigure 4, the S-type slope mode has smoother motion nearby startand target current by
way of acceleration and deceleration automatically without sacrifice more time spent. From start to middle
point M, the function of current1(t) increase by square exponential, the slopeis avariable oftand equal to 2t.
From point M to target current, the slope will be fed inareverse way.

Figure 3. Currentrising by S-type slope.
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Figure 4. Currentfalling by S-type slope.
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5. Buffer Memory Assignment (BFM)

The VB series PLC communicates with VB-2VC through access of buffer memories.

BFM No. Description Setting range Defaultvalue Access
CHO,P|CH1,F CHo,P | cH1F | attribute
0 Status, see Table 1 — 0 R
1 Flag, see Table 2 —_ 0 R
2 Error Address of Access — 255 R
3 Error code, see Table 3 — 0 R
4 Command for Error Reset 0,1 0 R/W
5 Command for BFMs Initialization 0,1 0 R/W
6 Command for EEPROM writing 0,1 0 R/W
7 To control 0,1 1 R/W
8 To turn OFF to MIN if PLC switch to STOP 0,1 0 R/W
9 Reserved — 0 —
10 15 | MIN 0~MAX -1 0 100 R/W
11 16 | MAX Unit - mA MIN +1 ~ 1055 750 540 R/W
12 17 Slope mode 0,1 0 R/W
13 18 Time of Rising . 20 ~65535 360 480 R/W
14 | 19 | Time of Falling unit : mS 20 ~ 65535 420 | 560 RIW
20 21 UFS 2~16384 4096 R/W
22 23 | sV 0~UFS -1 0 R/W
24 ~29 Reserved — 0 —
30 Model code — 2026 R
31 Reserved — 0 —

5.1 Buffer Memory contents description

e BFM #0, Status
This BFM used to indicate the status of VB-2VC, user’s PLC program should check these status before they try

towrite anew SV orother BFMs.

Table 1
Bit No. Bit Name Description for turn to “ON” state
b15 EEwr EEPROM s in writing
b14 ~b5 NOT USE —_
b4 CUT-1 Channel 1 Currentbeing updated to target
b3 ~b1 NOT USE —_
b0 CUT-0 Channel 0 Currentbeing updated to target

When b0 or b4 are turning to ON state, user should not try to set another new value to corresponding channel’s

SV BFMs.

When b15is turning to ON state, further coming EEPROM writing command will be ignored.

e BFM#1Flag
Table 2
Bit No. Description
b15* Check sum error of EEPROM
b14%* System communication error
b13 ~b3 NOT USE
b2 Setting value out of valid range
b1 Accesstoinhibited Area or write toread only orread to write only Address
b0 Access areanotasub-setof BFMs defined by VB-2VC.

kb150rb14 turnonwhenanerrorhas been cause by noise or when afailure has occurredin VB-2VC . Ifthe
errors are noteliminated even after poweris turned off once then on again, contact Vigor Electric Crop. For

product maintenance service

sk When any bit between b0 to b2 turned to ON state, User should referto BFM #2 and #3, check and correct

their PLC program for eliminating the error flag.




e BFM#2 Error Address of Access
This BFM indicates the position of BFMs which an errorhad been occurred caused by BFMs access. When this
BFM has a value otherthan 255, user should check their PLC program whether there is any mistake or not
suitable access to BFMs. Referto BFM #1 and BFM #3 for more information.

e BFM#3 Errorcode

When this BFM has a value otherthan 0, user should check their PLC program . If there are more than one
errors, thisBFM only records the lastone.

Table 3
Error code Description

1% Check sum error when reading datafrom EEPROM.

2% Function From/To communication error

3 Therange of Access Target specified by Function From/To is not a subset of BFMs which is
defined by VB-2VC

4 Accesstoinhibited area or write to Read-only orread from write-only area.
Setting value out of valid range

e BFM #4 Command for Resetting the error
When the value changed fromO0to 1 ( f, rising edge ), the contents of the three BFMs (#1 ~ #3 ) will be Reset
tothe default value.

Butifthereis anyerroroccurred again, the corresponding BFMs will be written a new value, user should try to
find out the factor which may cause such a errorto occur.

® BFM #5 Command for BFMs initialization
When the value changed from0to 1 (_f, rising edge ) the contents of BFMs between #7 and #23 will be Reset
tothe default value which is defined by VB-2VC.

e BFM#6 Command for setting data value write to EEPROM

When the value changed from 0to 1 (_f, rising edge ) the contents of BFMs between #7 and #25 will be written
tothe EEPROM. Those valuesin EEPROM will be the default values when the power nexttime turns to on.

NOTE :
Usershould check the bit15in BFM#0.
Within the time period this bitturning ON, VB-2VC will ignore further such commands coming.

Referto Table 4, when an event cause action to “Approach to MIN”, the SV BFMs is actually rewritten by zero.
If the assemble setting is turn to “normal control” again, the value in SV BFMs need to be set again.

Table 4

PLC state
BFM #7 BFM #8 0:STOP Action X : Don’tcare
1:RUN
0 X X Approach to MIN
0 X Normal control
1 0 Approach to MIN
1
1 Normal control

e BFM#7 Command for perform control

Under normal control, this BFM should have a value written by 1. Once this BFM was written with a zero value,
the current of valves will decrease and approach to MIN by user defined Falling slope.

e BFM#8 Turn OFF currentto MIN if PLC switchto “STOP” state

When this BFM has a zero value and avalue 1in BFM #7, VB-2VC will continue its control activity and in spite
ofthe “STOP” state of PLC.However, once this BFM was written by value 1 and if the state of PLC From “RUN”
turnsto “STOP”, the current of valves will decrease and approach to MIN according to user defined falling slope.

BFM#10, #15 MIN

The value in these two BFMs specifies the minimum current flow on valve when the value in SV BFMs be set to
zero. Normally, avery small amount of currenton valve can’t cause any mechanism movement.We call such
area as “Dead Zone”. Apropervalue can be settothese two BFMs to shiftthat zone and improve the reaction

characteristics of valve.
The unitofthese two BFMs is ‘mA’. Avalue between 0 and MAX-1 canbe settothese two BFMs, and the

value can’tbe greater than MAX.



e BFM#11, #16 MAX

Valves have theirown max applied current capacities Normally. VB-2VC can drive up to 1055mA foreach channel.
For many applications which the current capacities of applied valves are much lower than the specification
of currentdriving capacity of VB-2VC, proper values should be setto these two BFMs to protect the valves.

Avalue between MIN+1 and 1055mA can be set to these two BFMs, but the value can’t be less than MIN.

BFM#12, #17 slope mode

VB-2VC has two slope modes. mode 1 is linear and mode 0 is S-type.
Refer to 4.2 for more information.

BFM#13,#18 Time of Rising
This two BFMs should be set with atime value to specify the time will be spentwhen the current of load rising
MAX-MIN
from MIN to MAX . According to following formula  Slope_rising = — T
Time of rising

Normally once MAX and MIN be set, with a suitable value, we won’t change their value any more,so these two
BFMs can program the rising slope too.

These BFMs will be referred when a new value setting to SV BFMs is “higher ” than the old one.

Refer to 4.2 for more information.

BFM#14, #19 Time of falling

This two BFMs should be set with a time value to specify the time will be spent when the current of load falling
. . . MIN-MAX

from MAX to MIN .Accordingtofollowing formula Slope_falling = m

Normally once MAX and MIN be set, with a suitable value, we won’t change their value any more,so these two
BFMs can program the falling slope too.

These BFMs will be referred when a new value setting to SV BFMs is “lower” than the old one.

Referto 4.2 formore information.

BFM #20, #21 UFS (Userdefine Full Scale)

These two BFMs means --- How many segments does user want to perform partition from MIN to MAX.
Afterthese BFMs been set with avalue ‘S’.
The validrange of SV willbe [0..S-1]

and the currentresolution will be MAX-MIN

* BFM#22,#23 SV

When a value between 0 and UFS-1 writtento SV BFM, the current of valve will approach to target
currentaccording to user defined slope.

Forexample,ifthe valuein SV BFMs set by value ‘X’ the current flow valve onwillbe X - (M) + MIN

® BFM #24, #29 Reserved

* BFM#30 : Modelcode
The model code or ID number for the special module can be read from buffer memory BFM #30 by using the
FROMcommand. This number for the VB-2VC unitis K2026. The programmable controller can use this facility
inits program to identify the special module before commencing data transfer from or to the special module.



6. EXAMPLE PROGRAM

Inthe program shown below, the VB-2VC block occupies the position of special block number 1 (thatis the first
closestblock to the programmable controller) .

------ This is a demo program for using VB _2VC. ------ )
] For reference only, user may need to modify for fitting their own applications. Good luck !

2 We check whether the VBE_2VC exists and is placed at correctly position.

n

A e FROM K1 K30 D30 Kl
——EWF E2026 D30 MI0

—|M1|1—|WIT

We initialize (1) MIN : 100 mé&  (3) Slope mode : S-twpe (4) Rize Time : 056 Sec
(23 MBX - 540 md (5) Fall Time : 0.54 Zec

--= Those are just the default values, user should set another ones for fitting their own valves.
26 #% Channel 1 can be set in the same way when it is necessory. *+*

2 | To %1 K15 K100 K1
|0 KT K16 K540 KT
6 KT RIT RO KL

|0 KT K18 K560 KT

HTo K1 K19 K340 K1

24

HFROM K1 K23 D23 Kl
We read back the Status and ErrorFlag every ScanTime.
a0 --» Uzer may need to coding some more for further Event or Error handling.

0w D23
- D123
n

£l _| I FEOM K1 KO KAML00 X1

LIFRO].( K1 K1 E4M200 K1

110 | Maw we can change the value in 22 for programming the current on channel 2.

112 MID ]'I[104 I
| 11 FWF 023 D123 W0

Ml

fTo K1 K23 D23 Kl

0V D23
D123

MEMO




7.DIAGNOSTICS

7.1 Preliminary checks

(1) Check whether the power supply and output wiring and/or extension cables are properly connected on
VB-2VC inductive load driver special function block.

(2) Check thatthe VB system configuration rules have notbeen broken, i.e. the number of special function
blocks does not exceed 8 for VB2 and 2 for VBO.

(3) Ensure thatthe correct operatingrange has been selected for the application.

(4) Check thatthereis no poweroverload on eitherthe 5V or 24V power sources, remember the loading on an
MPU or a powered extension unit varies according to the number of extension blocks or special function
blocks connected.

(5) Putthe Main Processing Unit (MPU) into RUN.

7.2 Errorchecking
Ifthe VB-2VC special function block does not seem to operate normally, check the following items.

e Checkthe status ofthe POWER LED.
Lit : The extension cable is properly connected.
Otherwise : Checkthe connection of the extension cable.

e Checkthe external wiring.

® Check the status fo the “24V”LED.
Lit : VB-2VC is ON, 24V DC power source is ON.
Otherwise : Possible 24V DC power failure or possible VB-2VC failure.

7.3 Checking special function block numbers

Other special units of blocks that use FROM/TO commands, such as analog input blocks, analog output blocks
and high-speed counter blocks, can be directly connected to the base unit of the VB programmable controller or
totherightside of other extension blocks or units. Each special block is consecutively numbered from 1to 8
beginning from the one closestto the base unit. Amaximum of eight (VB2) special blocks can be connected.
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8. EMC CONSIDERATIONS

Electromagnetic compatibility or EMC mustbe considered before using the VB-2VC.

VEC recommend the VB-2VC has betterto getanindependent power supply. Because the power supply used to
drive inductive loads by PWM switching which may generate some noise glitch onitand may not suitable
supplied to another precision or noise sensitive module again.

If some form of cable protection is used, the “Shield” must be terminated at the terminals as shown in
section 2.

EMC considerations should include selection of good quality cables, good routing of those cables away from
potential noise sources.



Guidelines for the safety of the user and protection of the VB-2VC

® This manual has been written to be used by trained and competent person.
This is defined by the European directives for machinery, low voltage and EMC.

Ifin doubt at any stage during the installation of the VB-2VC always consult a
professional electrical engineer who is qualified and trained to the local and
national standards. If in doubt about the operation or use of the VB-2VC please
consult the nearest VEC distributor.

e Under no circumstances will VEC be liable or responsible for any consequential
damage that may arise as a result of the installation or use of this equipment.

All examples and diagrams shown in this manual are intended only as an aid to
understanding the text, not to guarantee operation. VEC will accept no
responsibility for actual use of the product based on these illustrative
examples.

Manual number
Manual revision : A
Date : September 2006

. VIGOR ELECTRIC CORP.

Effective September. 2006
Specification are subject to
Change without notice
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